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Abstract: An increase in the population of Yellowstone bison (Bison bison) and changes in their winter distribution
have prompted concerns about the potential for bison to transmit brucellosis to cattle. Elk (Cervus elaphus) also are
hosts for the disease organism and could play a role as reservoirs for the disease. Environmental conditions on the
Madison–Firehole winter range promote a high degree of range overlap between bison and elk (53% in Dec to
76% in May). Radiocollared elk were located within 100 m of bison 18% of the time, and commingling between
species was positively correlated with snowpack. We investigated the seroprevalence of elk of the Madison–Firehole
winter range and made comparisons to other elk populations in the region as an indicator of potential for inter-
species transmission of brucellosis in the wild. We found that the seroprevalence rate in the Madison–Firehole elk
(3%; n = 73) was consistent with elk that do not commingle with bison (0–1%) and lower than in elk associated
with supplemental feeding programs (25–37%). Despite high levels of commingling, the seroprevalence rate in the
Madison elk herd suggests that interspecies transmission from bison to elk in the Madison–Firehole is low.
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Ungulate management in Yellowstone National
Park (YNP) has faced challenges during recent
years in light of successful bison conservation.
The bison of YNP recovered from a population of
fewer than 50 animals at the turn of the century
(Meagher 1973) to a maximum of 4,200 in July
1994 (National Park Service [NPS] 1998). The in-
crease in bison numbers has resulted in shifts in
patterns of distribution and winter range use
within the park (Meagher 1998) and conflicts
due to the expansion of bison winter range
beyond YNP boundaries (Meyer and Meagher
1995, Baskin 1998, Cheville et al. 1998, NPS 1998).
These new concerns may result from entirely new
behaviors or simply the reestablishment of tradi-
tional patterns of behavior that were not mani-
fested, or detected, at lower population numbers.

The bacterium Brucella abortus, which causes
brucellosis, has been a management concern in
bison since it was first observed in YNP in 1917
(Mohler 1917, Meyer and Meagher 1995). Con-
cerns that bison could transmit the disease to
domestic cattle prompted the NPS to consider
steps to eradicate the disease in free-ranging
populations (Cheville et al. 1998). Disease eradi-
cation has been successful in specific wildlife pop-
ulations on a regional basis, but implementation

requires detailed information on the disease agent,
the environment, and the disease hosts and their
interactions with each other (Wobeser 1994). Elk
are hosts of B. abortus, and attempts to eradicate
the disease must address their role as reservoirs
of possible transmission (Cheville et al. 1998).
The increase in the Yellowstone bison herd and a
concomitant expansion of bison range suggests
that a reevaluation of range overlap between
bison and elk, and the implications this may have
for interspecies transmission of brucellosis is war-
ranted. Elk may have transmitted brucellosis to
bison in Elk Island National Park, Alberta, Cana-
da (Corner and Connell 1958). The only con-
firmed interspecies transmission of brucellosis in
ungulates has occurred in domestic herds, in ani-
mals in experimental settings, or on winter feed-
grounds (Corner and Connell 1958, Thorne et al.
1978a, Kistner 1982, Flagg 1983, Davis et al. 1990).
However, experimental and feedground condi-
tions often have atypically high densities of
infected and susceptible animals, and it has been
suggested that these do not reflect transmission
rates under natural conditions (Boyce 1989, Dob-
son and Meagher 1996). 

The risk of disease transmission increases as the
density of infectious animals in the host popula-
tion and the commingling of infectious and sus-
ceptible animals increases, and by the ecological
and behavioral factors that affect the rate of
interactions within and among species (Ander-
son and May 1979, Ray 1979, Caro and Durant
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1995, Dobson 1995, Dobson and Meagher 1996).
Brucella abortus affects a wide range of animal hosts
and has been recovered from milk and uterine
discharges associated with birth or abortion (Ray
1979). Contact with these materials through direct
consumption or from contaminated vegetation is
considered the most likely method of transmis-
sion among animals (Dobson and Meagher 1996).
As a result of the reproductive biology of bison
and elk, abortions due to brucellosis and environ-
mental contamination of reproductive discharges
occur only during the late winter and spring. 

Coincident with the growth of the YNP bison
population has been a shift in the winter range
use by the Mary Mountain herd to the drainages
of the Madison, Gibbon, and Firehole rivers (the
Madison–Firehole winter range). This winter
range is unique because of the common use by
bison and elk and the density of geothermal activ-
ity that provides large patches of snow-free
ground throughout the winter, surrounded by
areas of deep snow. Thermal effluent from the
numerous geyser basins and springs keeps the 3
major rivers flowing throughout the winter and
provides additional snow-free foraging areas
along the river banks and a year-round source of
forage in the form of aquatic vegetation (Craig-
head et al. 1973, Meagher 1973). The degree of
range overlap and commingling between bison
and elk on this winter range have not been docu-
mented since the expansion of the bison range.
Optimal forage theory predicts that elk and bison
should exhibit increased niche separation during
the winter when resources are limited (Putnam
1994). We hypothesize that the energetic and for-
aging benefits to bison and elk provided by the
thermal and river systems will result in a decrease
in ecological separation. This decreased ecologi-
cal separation at times of year when brucellosis
transmission is possible could lead to increased
exposure to B. abortus in this elk population rela-
tive to elk populations in the region.

STUDY AREA
Our 26,849-ha study area is in the Madison–Fire-

hole region of Yellowstone National Park (Fig. 1).
The area includes the drainages of the Upper
Madison, Gibbon, and Firehole rivers. The area
varies between 2,250 and 2,800 m in elevation
and provides year-round range for 500–800 elk
(Eberhardt et al. 1998). The maximum number
of bison using the area as winter range has
increased from several hundred in the 1960s to
over 1,000 recorded in the late 1990s (Meagher

1973, Bjornlie and Garrott 2001). Lodgepole
pine (Pinus contortus) dominates the forested
area with stands of Engelmann spruce (Picea
engelmannii), subalpine fir (Abies lasiocarpa), and
Douglas-fir (Pseudotsuga menziesii) interspersed.
More than 50% of the forested area was burned
during the summer of 1988. Burned areas are
characterized by snags and downed trees, Ross’
sedge (Carex rossii), elk sedge (Carex geyeri), leafy
aster (Aster foliaceus), and regenerating lodgepole
pine (Despain 1990). Wet meadows, which occur
in the unforested areas along the rivers, are char-
acterized by standing water or saturated soils and
grasses, sedges (Carex spp.), and marsh reedgrass
(Calamagrostis spp.; Aune 1981). Drier meadows
are dominated by grasses (Festuca idahoensis, Poa
spp.) and sagebrush (Artemisia spp.). The study
area contains 4 major geothermal basins (Norris,
Lower, Midway, Upper Geyser basins) and many
smaller geothermal features where snow accumu-
lation is retarded or prevented. Thermal effluent
from these areas keeps the Madison, Gibbon, and
Firehole rivers ice-free throughout the winter.

Winter conditions in the Madison–Firehole typ-
ically are severe. Snowpack begins accumulating
in October. Snowpack averaged 117 days >40 cm
and 36 days >70 cm at the Madison Junction
Ranger Station (elevation 2,075 m) from 1992 to
1998. Average start of snowmelt at the Madison

Fig. 1. The extent of the bison and elk winter ranges in the
Madison–Firehole drainages of Yellowstone National Park.
The boundary of the elk range (light area) was verified using
elk telemetry locations and aerial survey data collected,
Dec–May, 1991–1998. The boundary of the bison range (dark
area) was verified using bison group locations collected dur-
ing ground censuses, Jan 1997–May 1997 and Dec
1997–May 1998.
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Junction Ranger Station between 1992 and 1998
was early March. At higher elevations in the study
area, snow continues to accumulate after snow-
melt starts in the valleys. The average start of
snowmelt at the National Resources Conserva-
tion Service Madison Plateau SNOTEL (i.e.,
SNOpack TELemetry) site at 2,362 m was early to
mid-April from 1992 to 1998.

METHODS
We delineated the external boundaries of the

Madison–Firehole bison winter range based on
observations conducted in the study area from
1991 to 1996 during an intensive elk research pro-
ject. During the winters of 1996–1997, we moni-
tored numbers and distribution of bison through
tri-monthly ground surveys on 6 survey routes
that covered the 7,211-ha bison winter range. The
field team covered the survey routes in 2–3 days
(as weather permitted) at approximately 10-day
intervals between December and May. We divided
the study area into 72 survey units ranging from
6 to 716 ha. For each bison group detected, we
recorded Universal Transverse Mercator coordi-
nates, composition (adults and calves), approxi-
mate snow depth, and cover type (unburned for-
est, burned forest, wet meadow, dry meadow,
thermal). We conducted 13 such surveys during
winter 1996–1997 and 17 surveys during winter
1997–1998. Ninety-seven percent of bison group
locations (n = 2,961) recorded were within the area
delimited as bison winter range prior to the study.

The external boundaries of the Madison–Fire-
hole elk winter range were delimited based on a
study by Craighead et al. (1973). We verified the
boundaries of the elk winter range using 4,526
telemetry locations of 45 cow elk collected between
December and April, 1991–1994 and Decem-
ber–May, 1996–1998 and aerial survey locations
from population counts during this time as report-
ed in Eberhardt et al. (1998). During that time,
0.05% of locations were outside the delimited area.

We monitored the distribution of elk on the
winter range by relocating 31 radiocollared adult
cow elk between December 1996 and May 1997
and 28 elk between December 1997 and May
1998. We located animals using telemetry homing
techniques and only recorded locations in which
the located animal and collar could be visually
identified. The order and frequency in which ani-
mals were sampled were determined using a
restricted randomization design (Garrott et al.
1996). Opportunistic sightings of collared ani-
mals were not used in analysis, and groups with

multiple collared animals were considered as 1
location. In addition to the elk telemetry loca-
tions collected as a part of this study, 5 years of
telemetry locations collected during the winters
of 1991–1994 and 1995–1996 in conjunction with
a long-term research program were available and
used in the analysis. The sampling methodology
used in these years was consistent with that used
during 1996–1998. To explore possible mecha-
nisms that drive changes in elk distribution, we
collected data on snow condition and habitat at
the site of each animal location. Habitat classifi-
cations were the same as those for bison.

To assess the level of interaction between bison
and elk, we monitored range use by the 2 species
at 2 scales. We used an index of range overlap
based on the proportion of elk telemetry locations
determined using a geographic information sys-
tem (GIS) to be within the area delimited as
bison winter range. This index was calculated as
the proportion of range overlap for each month.
To assess spatial and temporal overlap at a finer
scale, we used as an index of interspecies com-
mingling, the percentage of independent radio-
marked animal locations that were ?100 m from
the nearest bison. Data on the range overlap
between elk and bison were collected between
December and April, 1991–1994 and 1995–1998,
and data on the commingling of elk and bison
were collected between December and May,
1996–1998.

To assess the influence of snow and snow avoid-
ance on range overlap and spatial overlap, we col-
lected data on snowpack density at the Madison
Plateau SNOTEL site and on snow depth at the
Madison Junction Ranger Station. The National
Resources Conservation Service automated SNO-
TEL site is on the Madison Plateau, near the west-
ern boundary of the park at an elevation of 2,362
m. The site provides daily measurements of the
centimeters of water in the snowpack (snow water
equivalent; SWE). The mean of daily snow water
equivalent (Madison Plateau SWE) measure-
ments for each month was used as an index of
snowpack density at mid- and high elevations at
which foraging by elk and bison was prevented.
Snow water equivalent provides a better measure
of winter severity with respect to ungulates than
snow depth because it accounts for the density of
the snowpack that animals must break through to
travel or forage (Formozov 1964, Farnes 1996). As
a second index, we used the mean of daily snow
depth measurements at the Madison Junction
Ranger Station (elevation 2,075 m). The latter
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index better reflects spring snow conditions and
melt at elevations in which elk and bison forage;
however, because the index does not incorporate
snow density, it does not fully capture the ener-
getic costs of ungulate travel and foraging.

We used linear regression to model the rela-
tionship between snowpack and overall range
overlap and the percent of elk telemetry loca-
tions ≤100 m from bison. These data are a time
series and potential autocorrelation could lead to
dubious levels of significance and invalidation of
the assumptions of standard linear regression
(Neter et al. 1996). We assumed independence
among years and modeled first order autoregres-
sion within year and estimated variances for each
month separately (SAS Institute 1997, Ferrari
1999). We considered Madison Plateau SWE,
Madison Junction snow depth, percent range
overlap, percent of elk locations in meadow habi-
tat, and percent of elk locations in thermal habi-
tat as explanatory variables to predict the degree
of commingling between elk and bison. Compet-
ing models were selected by minimizing Akaike’s
Information Criterion (AIC; Akaike 1974). The
total corrected sum of squares and the corrected
sum of squares explained by the model were
computed using a generalized least squares equa-
tion to compute an R2 statistic (Sen and Srivasta-
va 1990, Ferrari 1999).

We used the prevalence of antibodies to B. abor-
tus as an index of the exposure of elk to the bac-
teria. We collected serum samples from 73 adult
cow elk ranging in age from 2 to 17 years between
March 1996 and October 1998. We separated
serum from whole blood using a centrifuge and
stored both serum and whole blood at –15 °C. We
analyzed serum samples using the standard plate
agglutination (SPT), brucella antigen rapid card
(Card), rivanol precipitation (Riv; U.S. Depart-
ment of Agriculture [no date]a,b), complement
fixation (CFT; Jones et al. 1963), and buffered
acidified plate antigen (BAPA) tests (Veterinary
Diagnostic Laboratory, Bozeman, Montana, USA).
Criteria for seropositive classification were based
on recommendations in Morton et al. (1981). A
positive reaction at any level on 2 or more tests
was considered positive. If only 2 tests were posi-
tive, a level of +1:50 on the SPT, a positive on the
BBA, 1:25 Riv, or a 4+ at 1:40 on the CFT was con-
sidered positive. No suspect classification was used.

To investigate the relationship between the level
of disease exposure in elk to contact with bison
and ungulate management practices, we collected
data on seroprevalence in elk from 3 populations

in Montana (Rhyan et al. 1997), 3 in Idaho (D.
Hunter, Idaho Department of Fish and Game,
personal communication), 1 from the National
Elk Refuge (NER) in Wyoming (B. Smith, Na-
tional Elk Refuge, personal communication),
and 6 from Wyoming state feedgrounds (Herriges
et al. 1992). This latter summary from Wyoming
was a weighted average from 6 feedgrounds from
which >30 samples were taken. These represent
populations both in and out of the Greater Yel-
lowstone Area that did and did not have contact
with bison, and that did and did not use winter
feedgrounds. Only data from populations in
which >30 animals of all sex and age classes had
been sampled between 1990 and 1998 and were
tested and classified according to our protocol
were selected for comparison. For comparison of
seroprevalence rates, we used 95% Clopper-Peter-
son confidence intervals. The intervals are based
on the Beta distribution, and the lower bounds
are constrained to positive values even with low
proportions (Casella and Berger 1990). 

RESULTS
The portion of the elk winter range used by

bison (Fig. 1) was confined primarily to the lower-
elevation, flat meadow communities along the
river corridors. The elk winter range covered a
much broader range of elevations and slopes and
primarily comprised burned forest habitat. More
than 60% of bison groups and >70% of individu-
als were observed in meadow habitat during the
ground surveys while habitat use by elk varied
over the course of the winters with elk tending to
use meadow communities more between Febru-
ary and May in both 1997 and 1998 (Ferrari 1999).

The number of bison in the study area varied
between 286 and 1,102 during winters 1996–1997
and 1997–1998. While total numbers remained
relatively constant throughout winter 1996–1997,
during 1997–1998, total numbers were low in
December and increased to levels comparable to
1997 by March (approx. 800 animals; Fig. 2) as
bison moved onto the Madison–Firehole winter
range from Hayden Valley (Bjornlie and Garrott
2001). In both years, bison numbers remained
high on the Madison–Firehole winter range until
May when snowmelt began at higher elevations.
An average of 654 (s = 94) bison were present on
the winter range during 8 surveys conducted
between 15 April and 31 May, the peak bison calv-
ing period (Meagher 1973).

Between December and April, 1991–1994 and
December and May, 1996–1998, 69% of elk were
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located within the 27% of the elk range that was
delimited as bison winter range, suggesting a
preference by elk for the overlapped area. The
proportion of elk telemetry locations that over-
lapped the bison range increased from Decem-
ber (x– = 0.53, n = 5 yr) to May (x– = 0.76, n = 2 yr).
The difference in the means (0.23) was moder-
ately significant (ANOVA; P = 0.09).

Eighteen percent of independent elk telemetry
locations were ≤100 m from the nearest bison. In
all years, commingling between elk and bison in-
creased from December to May (Fig. 3). Elk uti-
lized wet meadow habitat in only 23% of all
telemetry locations during winters 1996–1997
and 1997–1998 (Ferrari 1999), compared to 48%
of occasions in which the radiocollared elk was
≤100 m of a bison. Radiomarked elk were ob-
served within 100 m of bison in thermal habitat
during January–March 1997 and in February and
April 1998. Except for 1998, these periods also
corresponded to increased use of thermal areas
by bison and elk (Ferrari 1999). In all other
months, no radiomarked elk were observed with-
in 100 m of a bison in thermal habitat. 

The most parsimonious model to predict degree
of spatial overlap between elk and bison included
a single fixed effect for Madison Plateau SWE
(AIC = 91.4; autocorrelation = 0.50). The relation-
ship was positive and the Madison Plateau SWE
explained 77% of the total variation in monthly
spatial overlap (Fig. 3). The number of bison win-
tering on the study area was positively correlated
with spatial overlap (r = 0.92), but a formal

hypothesis test could not be conducted as data
were only collected for 2 years (n = 11 mo).

Two animals tested positive for antibodies, a
point estimate of prevalence of 3% with a confi-
dence interval of 0.3–10%. The 2 animals were 9
and 10 years old. The serums were positive on the
BAPA, card, SPT, and CFT tests. The serum from
the 9-year-old animal also was positive on the Riv
test. Both animals had been in the study area for
a minimum of 4 years prior to testing. The data
from the regional herds are summarized in Table
11. The prevalence rate in the Madison–Firehole
was lower than the NER herd in Wyoming (25%),
and the Rainey Creek herd in Idaho (30%; P ≤
0.01, Fisher exact test; Table 1), both of which
aggregate in high numbers at state-managed win-
ter feedgrounds. The prevalence rates in the
NER and Rainey Creek elk are consistent with
those from elk sampled at state-managed winter
feedgrounds in Wyoming (Herriges et al. 1992).
Elk in the NER also are in contact with a bison
herd that has high rates of seroprevalence
(Williams et al. 1993). Of the 5 additional herds
with seroprevalences similar to the Madison–Fire-
hole (P > 0.5), 3 had no contact with bison and 2
were assumed to have occasional contact with Yel-
lowstone bison. None of these 5 herds utilized
winter feedgrounds, and the prevalence rates
were consistent with those from non-feedground
elk herds in Wyoming that do not commingle
with bison (S. Smith, Wyoming Game and Fish
Department, personal communication).

Fig. 2. Total bison counted during tri-monthly ground census-
es of the Madison–Firehole study area, Yellowstone National
Park. The line with open squares represents totals for cen-
suses conducted 2 Jan 1997–16 May 1997. The line with
open triangles represents totals for censuses conducted 5
Dec 1997–26 May 1998.

Fig. 3. The relationship between the percent of monthly elk
telemetry locations in which the collared animal was ≤100 m
from the nearest bison (commingling) and the average daily
measurement of centimeters of water in the snowpack (snow
water equivalent) at the Madison Plateau Natural Resources
Conservation Service automated SNOTEL (SNOpack
TELemetry) site (elevation 2,362 m) for each month,
Dec–May 1992–1998 (excluding winter 1994–1995).
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During the last 20 years, the number of bison
wintering the Madison–Firehole area has in-
creased and expanded beyond the western
boundary of YNP (Meagher 1998). The Madi-
son–Firehole winter range also provides year-
round range to a nonmigratory elk population
(Craighead et al. 1973). For herbivores in north-
ern latitudes, winter severely limits resource avail-
ability. Thus, optimal forage theory predicts that
the largest degree of niche separation between
sympatric herbivores would be expected during
the winter months and the degree of separation
should be positively correlated to winter severity
(Putnam 1994). This was not the case in our
study. We found that range overlap and commin-
gling between bison and elk on the Madison–Fire-
hole winter range was positively correlated to win-
ter severity as indexed by the density of the
snowpack. Snow is a major impediment to ungu-
late foraging and travel, and animals tend to grav-
itate to areas of reduced snowpack to minimize
energetic costs and access more available forage
(Formozov 1964, Gilbert et al. 1970, Van Camp
1975, Sweeny and Sweeny 1984, Farnes 1996).
While bison are a monocot specialist (Meagher
1973, McCullough 1980, Singer and Norland
1994) and elk can utilize a broader range of for-
age (McCullough 1980, Singer and Norland
1994), both species are limited by the energetic

constraints of foraging in deep snow (Van Camp
1975, Sweeny and Sweeny 1984). 

Variation in snowpack in the Madison–Firehole
is pronounced due to the wide elevation range
from the Madison Plateau to the river valleys and
the influence of wet sedge meadows and geot-
hermal activity. The portions of the winter range
shared by bison and elk contain all the major wet
meadow communities and the 4 major geother-
mal basins in the elk winter range. Standing
water in wet meadow communities slows the
accumulation of snow and often results in a less
dense snowpack (Van Camp 1975). Geothermal
basins provide large areas of snow-free ground
throughout the winter (Despain 1990). Thus, the
reduction in relative winter severity created by
these environmental conditions resulted in a
high degree of range overlap and commingling
between elk and bison during the winter. Despite
the melting of snow at low elevations in the
spring, persistent snow at high elevations contin-
ued to promote commingling between elk and
bison through May. 

Historical surveys for brucellosis in Yellowstone
bison found a seroprevalence of 63% (Tunnicliff
and Marsh 1935), and a disease survey conducted
during winter 1996–1997 found a seroprevalence
of approximately 60% in adult males (n = 344)
and approximately 50% in adult females (n = 337;
P. Gogan, U.S. Geological Survey, personal com-
munication). Most elk populations have a low

Table 1. Seroprevalence rates for antibodies to Brucella abortus in 8 elk populations (males and females) in Wyoming, Montana,
and Idaho, and summary data for Wyoming state feedgrounds (Herriges et al. 1992). Clopper-Pearson 95% confidence intervals
(Casella and Berger 1990) are presented in parentheses. All populations are from the Greater Yellowstone area except Coeur
D’Alene, Idaho. Prevalence rates greater than that of the Madison–Firehole (P < 0.01, Fisher’s exact test) are indicated by an
asterisk.

Seroprevalence
Year(s) Contact Use of Rate 95%

State Location of study Source with bison feedground      n (%) CI  

Wyoming Madison–Firehole 1996–1998 This study Y N 73a 3 0.3, 10  
Montana SW Montana 1997 Rhyan et al. 1997 Y N 224 0    

Gardiner 1997  Possible N 721 1 1, 2   
Upper Madison 1997  N N 389 1 0, 2  

Wyoming National Elk Refuge 1990, 1993,  B. Smith, National Elk Y Y 251 25*b 20, 31 
1995–1997 Refuge, personal

communication  
State feedgrounds  Herriges et al. 1992 N Y  37c

Idaho Rainey Creek 1998 D. Hunter, Idaho N Y 33 0 16, 49   
Idaho Falls 1992–1993 N N 127 0    
Coeur d’Alene 1990  N N 57 0   

a Only adult females were sampled.
b The prevalence rate for the National Elk Refuge was calculated as the total number of sero-positive animals divided by the

total number of animals sampled during the years of 1990, 1993, and 1995–1997. 
c Prevalence rate (p) and sample size (n) for individual years (p, n): 1990: 0.15, 100; 1993: 0.32, 41; 1995: 0.41, 17; 1996: 0.35,

62; 1997: 0.22, 31.

DISCUSSION
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level of seroprevalence (<6%), although some
populations associated with winter feeding pro-
grams or sharing common range with infected
bison have been shown to have higher seropreva-
lence (13–37%; Rush 1932, Tunnicliff and Marsh
1935, Corner and Connell 1958, Thorne et al.
1978b, McCorquodale and DiGiacomo 1985, Her-
riges et al. 1992). Because B. abortus is transmitted
by ingestion, the rate of disease transmission
depends on susceptible animals contacting cont-
aminated tissues or forage during the period of
infectiousness, which would necessitate close spa-
tial and temporal association (Anderson and May
1979). Telfer and Cairns (1979) reported only
18% association on a scale >1 km during a severe
winter in Elk Island National Park, Alberta, com-
pared with a mean of 18% on a scale of 100 m
over 6 varied winters in the Madison–Firehole.
Range overlap and commingling between elk
and bison was highest in the late winter and
spring when brucellosis-induced abortion can
release large numbers of bacteria, and during the
calving period when bacteria may shed along with
birth fluids and tissues (Rhyan et al. 2001). There-
fore, it appears that the 3 components necessary
for disease—the disease agent, susceptible hosts,
and a suitable environment for the host (Wobeser
1994)—are present in the Madison–Firehole win-
ter range. Despite these conditions, the level of
exposure to B. abortus in the Madison elk herd, as
determined by prevalence of antibodies, was not
significantly different than that found in 3 elk
populations in Montana (Rhyan et al. 1997) and
Idaho (D. Hunter, Idaho Department of Fish and
Game, personal communication) that have no
contact with bison, and was consistent with data
from non-feedground elk herds in Wyoming that
have had no contact with bison (S. Smith,
Wyoming Game and Fish Department, personal
communication). The Madison–Firehole sero-
prevalence rate was significantly lower than that on
the NER, state-managed feedgrounds in Wyoming,
and at the Rainey Creek winter feedground.

MANAGEMENT IMPLICATIONS
The seroprevalence rate in the Madison elk

herd suggests that rates of interspecies transmis-
sion from bison to elk in the Madison–Firehole
are low. This suggests that the combination of
environmental conditions and commingling with
bison on Madison–Firehole does not result in
increased exposure to B. abortus in elk. The low
incidence of interspecies transmission may be the
result of lower levels of active B. abortus infection

in bison than is suggested by the seroprevalence
rate (Dobson and Meagher 1996), shedding of
low numbers of B. abortus by infected animals, a
short interval of viability of B. abortus outside the
host, ingestion of insufficient quantities of bacte-
ria to constitute an effective dose, or a combina-
tion of these. The wide distribution of geother-
mal activity across the Madison–Firehole may
result in many scattered, but less dense aggrega-
tions of animals compared to state-managed sup-
plemental feeding areas, which may explain the
differences in seroprevalence. 

While the level of seroprevalence in the elk of
the Madison–Firehole is low, the source of infec-
tion is potentially important. Emigration of elk
from infected southern herds associated with
winter feedgrounds and contact with infected Yel-
lowstone bison have been proposed as potential
sources of infection in the Yellowstone elk herds
(Cheville et al. 1998). Interchange between herd
units in the Greater Yellowstone Area occurs at
low levels, including exchange between the Na-
tional Elk Refuge and Yellowstone’s Northern
Range (Craighead et al. 1972). While it is possible
that the presence of seropositive elk in the North-
ern Range and Madison–Firehole could be
accounted for by dispersal from infected herds, it
cannot be confirmed without knowledge of the
origins of the seropositive animals (Cheville et al.
1998). Both seropositive cow elk in this study
were known to have been in the Madison–Fire-
hole region for at least 4 years prior to testing
positive for antibodies to B. abortus.
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