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ABSTRACT Increases in Yellowstone National Park, USA, bison (Bison bison) numbers and shifts in seasonal distribution have resulted in

more frequent movements of bison beyond park boundaries and development of an interagency management plan for the Yellowstone bison

population. Implementation of the plan under the adaptive management paradigm requires an understanding of the spatial and temporal

structure of the population. We used polythetic agglomerative hierarchical cluster analysis of radiolocations obtained from free-ranging bison to

investigate seasonal movements and aggregations. We classified radiolocations into 4 periods: annual, peak rut (15 Jul–15 Sep), extended rut (1

Jun–31 Oct), and winter (1 Nov–31 May). We documented spatial separation of Yellowstone bison into 2 segments, the northern and central

herds, during all periods. The estimated year-round exchange rate (4.85–5.83%) of instrumented bison varied with the fusion strategy

employed. We did not observe exchange between the 2 segments during the peak rut and it varied during the extended rut (2.15–3.23%). We

estimated a winter exchange of 4.85–7.77%. The outcome and effectiveness of management actions directed at Yellowstone bison may be

affected by spatial segregation and herd affinity within the population. Reductions based on total population size, but not applied to the entire

population, may adversely affect one herd while having little effect on the other. Similarly, management actions targeting a segment of the

population may benefit from the spatial segregation exhibited. (JOURNAL OF WILDLIFE MANAGEMENT 71(5):1531–1538; 2007)
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Mensuration and management of a wildlife population must
involve clear identification of the group under consideration.
Confusion and misunderstanding may result from a failure
to clearly describe the temporal and spatial attributes used to
characterize a population (Wells and Richmond 1995). A
population is often defined as a group of organisms of the
same species with the potential to breed with each other
(Krebs 1972). Alternatively, populations may be specified by
their geographic extent during specific periods (e.g., winter,
breeding, or calving seasons). In this context, the terms herd
and population are often used synonymously for many
ungulates. Frequently, the only factor defining a population
is the occurrence of conspecifics within certain geographic
boundaries. Wells and Richmond (1995:461) defined a
population as ‘‘a group of conspecific individuals that is
demographically, genetically, or spatially disjunct from other
groups of individuals.’’ These traditional definitions of a
population assume a continuous distribution across its range
(McCullough 1996). Metapopulations (Levins 1969, 1970)
occur when populations of a species exist within a specified
geographic range but are isolated from one another or have
limited exchange of individuals (Wells and Richmond 1995,
McCullough 1996, Akçakaya et al. 1999). This isolation
may be due to spatial heterogeneity in environmental factors
or anthropogenic causes (McCullough 1996). Within a
metapopulation, sets of individuals may be referred to as
groups, populations, subpopulations, or local populations
(Wells and Richmond 1995, Akçakaya et al. 1999).

Historically, bison within Yellowstone National Park
(YNP), USA, were identified as the Mary Mountain,
Pelican, and Lamar herds based on winter distributions
when numbers were ,600 (Meagher 1973). While not

geographically discrete year-round, this classification was
appropriate for the wintering herds (Meagher 1973) and
may have identified a metapopulation. Recent studies have
continued to identify Yellowstone bison herds based on
winter distributions with little knowledge of the degree of
herd exchange (DelGiudice et al. 1994, 2001; Kirkpatrick et
al. 1996; E. M. Olexa, United States Geological Survey,
unpublished data) although bison numbers had increased to
nearly 3,500 by the mid-1990s. An assessment of potential
effects of a recently implemented interagency bison manage-
ment plan assumed that changing spatial population
structure (Meagher 1993, 1998; Meagher et al. 1997) has
resulted in 2 distinct wintering groups (National Park
Service 2000).

Accurate assessments of the effects of natural processes and
anthropogenic perturbations on Yellowstone bison require a
clear understanding of the spatial structure of the population.
Accordingly, our objectives were to 1) identify the spatial
structure of bison moving throughout YNP and adjacent
lands, and 2) assess levels of exchange between cohesive
groups of bison during biologically significant periods.

STUDY AREA

Our study area included the entire 9,000 km2 of YNP and
adjacent public and private lands (Fig. 1). Elevations ranged
from 1,610 m along the Yellowstone River near Gardiner,
Montana, USA, to 3,462 m at Eagle Peak, Wyoming, USA.
High plateaus characterized the central portions of the area,
and broad river valleys were the dominant feature at lower
elevations. Abrupt mountain ranges skirted the park’s
northern and eastern boundaries.

Although long, cold winters and short, cool summers were
typical (Houston 1982), the park experienced 2 climatic1 E-mail: eolexa@usgs.gov
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types resulting from its location relative to predominant
storm tracks and mountain ranges (Despain 1987). Large
valleys and central plateaus experienced a climate similar to
the intermountain region to the west and the plains to the
east (Despain 1987). Of all precipitation received by these
areas, 35–55% was in the form of rain with a peak in May
and June (Despain 1987). The southwestern plateaus of the
park and the mountain ranges to the north and east
experienced a much different climate, characterized by a
winter peak in precipitation (Despain 1987). Average annual
precipitation ranged from 28 cm near Gardiner, Montana,
to almost 97 cm along the Bechler River, Wyoming (Dirks
and Martner 1982).

Montane areas were vegetated primarily by coniferous
forests or wet meadows (Despain 1987). Whitebark pine
(Pinus albicaulis), Engelmann spruce (Picea engelmannii),
and subalpine fir (Abies lasiocarpa) were common above
2,600 m (Houston 1982). Douglas-fir (Pseudotsuga menzie-

sii), juniper (Juniperus spp.), and aspen (Populus tremuloides)
occurred at lower elevations. Douglas-fir also occurred on
moist, north-facing slopes associated with valleys dominated
by sagebrush (Artemisia spp.) steppe communities and dry
grasslands (Despain 1987). The central portion of YNP
supported primarily dry lodgepole pine (Pinus contorta)
communities due to coarse rhyolitic soils (Despain 1987,
1990). In 1988, wildfires burned .300,000 ha in YNP
(Schullery 1989, Despain 1990). The resulting mosaic of
burned and unburned areas was apparent during our study.

Most of YNP’s .10,000 geothermal features exist in the
southern half of the park with concentrations in the Norris,
Lower, Midway, and Upper Geyser Basins (Fig. 1). The
Gibbon, Madison, and Firehole rivers that drain these areas
were also geothermally influenced. Alum Creek in the
Hayden Valley remained free-flowing during winter due to
geothermal influence. In the northern half of the park,
geothermally influenced areas were found in the Mammoth
and Soda Butte areas.

Yellowstone bison numbers increased from ,600 in 1967
following cessation of artificial control within the park to
approximately 4,000 by 1994. Large-scale reductions along
the park boundaries during the winters 1994–1995 through
1996–1997, combined with natural mortality, reduced
numbers by approximately 50%. Yellowstone bison num-
bered 2,105 and 2,444 during the winters of 1997–1998 and
1999–2000, respectively (National Park Service 2000).

METHODS

Capture and Radiotracking
We captured and radiocollared Yellowstone bison during
October–December 1997 and March 1998. Net-gunning
(Barrett et al. 1982) from a helicopter, we sampled adult
bison throughout their distribution in YNP as predeter-
mined by aerial surveys. Concurrent research by Aune et al.
(1998) provided 6 additional instrumented bison in October
1998. We relocated bison on a 10-day cycle, modified as
required by weather and logistic constraints, during
November 1997–April 2000. We employed dual H antennas
mounted to a Piper Supercub (Piper Aircraft Corporation,
Lock Haven, PA) and standard aerial telemetry methods
(Gilmer et al. 1981, Mech 1983). The same observer–pilot
team conducted all radiotracking flights. Typically, we
located each bison once per cycle. All flights occurred during
daylight hours, normally in the morning when flying
conditions were best. The order of location was opportun-
istic as dictated by weather and herding behavior. We based
location estimates on visual confirmation of instrumented
bison, the estimated center of a cohesive group when we
could not differentiate instrumented bison or signal strength
and direction when we could not observe the target group
due to ground fog. Using a Precision Lightweight Global
Positioning Receiver (PLGRþ96; Rockwell Collins, Cedar
Rapids, IA) to record waypoints, we collected Universal
Transverse Mercator coordinates for each location as we
flew over a bison’s position. We typically recorded locations
from an altitude of ,150 m above ground level. We reduced
location error by collecting 3-dimensional fixes, which are
often more accurate than 2-dimensional fixes when
elevation is uncertain (Moen et al. 1997, Dussault et al.
2001). Mean horizontal location error was ,125 m based on
similar methodology tested in YNP (Olexa et al. 2000).

Cluster Analysis
We performed polythetic agglomerative hierarchical cluster
analysis on relocations associated with radiocollared bison.
Cluster analysis (CA) seeks to classify items based on an
analysis of multivariate data patterns (Overall et al. 1993)

Figure 1. Physical features associated with bison spatial distribution in and
adjacent to Yellowstone National Park, USA, 1997–2000.
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and has recently been used to characterize wildlife
populations (Bethke et al. 1996, Joly and Messier 2001,
Taylor et al. 2001, McLoughlin et al. 2002). In contrast to
discriminant analysis, the number of classes and their
defining characteristics are unknown a priori (Bayne et al.
1980, Gordon 1999).

We used the Ward’s, Complete, Euclidean Sum of
Squares (ESS), Mean Proximity, Average Linkage, Cent-
roid, Median, and Weighted Means (WPGMA) fusion
strategies. Each method has strengths and weaknesses that
depend on the data (Kuiper and Fisher 1975; Bayne et al.
1980; Milligan 1980, 1996; Overall et al. 1993) and the
constraints placed on desirable cluster solutions (Fisher and
Van Ness 1971, 1973; Milligan 1979; Chen and Van Ness
1994; Gordon 1996). Selection of a single best strategy was
not possible because group characteristics (e.g., no., size, and
shape) were unknown a priori. We used a suite of fusion
strategies because replication of a classification by multiple
methods strengthens the validity of the classification
(Bethke et al. 1996, Kos and Psenicka 2000, McGarigal et
al. 2000). We conducted analyses using ClustanGraphics5
(Clustan Limited, Edinburgh, Scotland).

We pooled all locations except 3 locations of a bull bison
that had moved .30 km from YNP. We applied CA to
location data grouped into the following time periods:
annual, peak rut (15 Jul–15 Sep; Meagher 1973, Gogan et
al. 2005), extended rut (1 Jun–31 Oct), and winter (1 Nov–
31 May). We selected these periods based on ecological
significance and because any attempt to identify population
structure must involve temporal as well as spatial criteria.
We used the easting and northing coordinates of each
relocation as input variables to identify clusters. We
standardized the data matrix to zero mean and unit variance
prior to analysis (Milligan and Cooper 1988, Bethke et al.
1996). Squared Euclidean distance served as the measure of
dissimilarity (Everitt 1993, Gordon 1996), as required by
the majority of fusion strategies, and increased as dissimilar
groups were combined. A large increase in the resulting
fusion value indicated the combining of very dissimilar
groups.

Cluster analysis has been faulted for finding structure in
data where none exists (Milligan and Mahajan 1980, Pillar
1999). To ensure identified groups were valid, we tested for
a lack of significant cluster structure in the data (Milligan
and Mahajan 1980). We removed any structure in the data
by sampling with replacement from the dissimilarity matrix
at the 488-cluster level for the peak rut period and the 500-
cluster level for all other periods. We then performed CA on
the randomized matrix created from the bootstrap sample.
For each fusion strategy, we conducted 1,000 iterations to
generate a mean and 95% confidence interval around each
fusion value (Wishart 1999).

We tested the null hypothesis that the structure indicated
by our analysis did not differ from random. We considered
final cluster solutions with fusion values outside the 95%
confidence interval significantly different from random and
accepted the solution. The number of groups supported by

the data was that point prior to the largest statistically
different increase in fusion value (Milligan and Cooper
1985, McLoughlin et al. 2002).

Group Delineation
We did not attribute relocation coordinates to a specific
bison until after we identified the spatial structure of the
data. Following CA, we defined group membership based
on the majority of relocations associated with an individual
bison rather than using median relocations in the data
matrix (i.e., all of a bison’s relocations were assigned to the
group containing the majority of relocations for that bison;
Bethke et al. 1996, Joly and Messier 2001, Taylor et al.
2001, McLoughlin et al. 2002). We considered a relocation
to be cross-classified when its initial group assignment
differed from that of the majority of points associated with a
bison (Taylor et al. 2001).

We considered groups discrete, for a period, when no
bison had cross-classified relocations. We calculated ex-
change rates for each period as the proportion of bison with
�1 cross-classified relocation. We identified the population
structure of the herd based on the amount and timing of
exchange between groups.

RESULTS

Radiotracking
We radiotracked 103 bison and secured 3,262 relocations
representing bison spatial distribution (annual: 3,262
relocations; peak rut: 488 relocations; extended rut: 1,285
relocations; winter: 1,977 relocations). We collected data
over 2,262 bison-months (x̄¼ 22 months/bison, range 2–30
months/bison) and we obtained relocations from 92 (20 M,
72 F) and 94 (20 M, 74 F) bison during the peak and
extended rut periods, respectively, and 103 (22 M, 81 F)
bison during the winter and annual periods.

Cluster Analysis
Annual.—Analysis of Yellowstone bison distribution

throughout the year revealed spatially distinct groups. Most
fusion strategies indicated the presence of 2 groups although
the Median and WPGMA methods failed to detect any
spatial clustering (Fig. 2A). Group membership was similar
among methods with a 2-group solution. The Ward’s and
Complete methods cross-classified 28 relocations of 5 bison.
The Mean Proximity method cross-classified 29 relocations
associated with the same 5 bison. The ESS, Average
Linkage, and Centroid methods cross-classified 29 reloca-
tions of the same 5 bison and one additional bison (Fig. 3A).
The estimated exchange rate varied from 4.85% for the
Ward’s, Complete, and Mean Proximity methods to 5.83%
for the ESS, Average Linkage, and Centroid clustering
methods. Cross-classified bison included 3 females and 3
males.

Peak rut.—Analysis of bison relocations collected 15
July–15 September 1998–1999 revealed 2 distinct groups of
bison when most breeding occurs. All fusion strategies
arrived at the same solution (Fig. 2B). No bison were cross-
classified for this time period, which suggests little exchange
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between groups and highlights the strength of the spatial

discreteness of each group (Fig. 3B).

Extended rut.—Analysis of bison distribution during 1

June–31 October 1998–1999 revealed some exchange of
Yellowstone bison during the extended breeding season.

Most fusion strategies resulted in a 2-cluster solution, but

the Median and WPGMA methods again failed to detect

any spatial clustering of locations (Fig. 2C). Four bison (2 F

and 2 M) were cross-classified during this period by all

methods. The Ward’s and ESS methods cross-classified 3

relocations of 3 bison, and the Mean Proximity method

cross-classified 4 relocations associated with the same 3

bison (Fig. 3C). The Average Linkage method cross-

classified 3 relocations of 2 of the 3 bison cross-classified by

the other methods. The Centroid method cross-classified 3

relocations of 3 bison; 2 of which were cross-classified by the

other methods. The Ward’s, ESS, Mean Proximity, and

Centroid methods estimated the exchange rate to be 3.23%

for the 2-group solution whereas the Average Linkage

method estimated the rate at 2.15%.

The Complete method generated a 2-cluster solution for

this time period that differed from all others. This solution

identified a cluster in the Madison–Firehole area and

another that included all relocations on the Northern

Winter Range and the Hayden and Pelican Valleys. This

solution resulted in cross-classification of 57 of 84 bison and

we considered it improbable based on observed movements

of bison between the Madison–Firehole area and the

Hayden Valley.

Winter.—Cluster analysis of locations collected from 1

November–31 May 1997–2000, excluding May 2000,

produced results consistent with other periods and demon-

strated the presence of 2 groups of bison during winter (Fig.

2D). Four of 8 solutions (Ward’s, Mean Proximity, Average

Linkage, and Centroid) divided the Yellowstone bison

population into northern and central herds. The Ward’s and

Mean Proximity methods cross-classified 19 relocations of 5

bison, whereas the Average Linkage method cross-classified

18 relocations of the same 5 bison. The Centroid method

cross-classified 22 relocations associated with these bison

and 3 others (Fig. 3D). Bison cross-classified by these

methods included 6 females and 2 males. The estimated

Figure 2. Fusion value versus number of groups as determined by 8 clustering methods used to analyze locations of Yellowstone bison, Yellowstone National
Park, USA: (A) year-round, 1997–2000, (B) during the peak rut (15 Jul–15 Sep), 1998–1999, (C) during the extended rut (1 Jun–31 Oct), 1998–1999, and
(D) during the winter bison management period (1 Nov–31 May), 1997–2000. The number of clusters supported by the data occurs immediately prior to the
largest increase in the fusion value. For each method, we standardized fusion values by dividing each by the maximum. ESS¼ Euclidean Sum of Squares,
WPGMA¼Weighted Means.
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exchange rates were 4.85% for the Ward’s, Mean Proximity,
and Average Link methods and 7.77% for the Centroid
method. The Median method failed to identify any spatial
structure. The results of the remaining fusion strategies were
not supported biologically. The WPGMA, ESS, and
Complete methods generated 2-group solutions that
resulted in cross-classification of 19, 40, and 52 of 103
bison, respectively. Of these, the WPGMA grouped all
relocations in the Madison–Firehole area with those in the
Hayden Valley and the second group included all relocations
on the Northern Winter Range and Pelican Valley. This

clustering is consistent with our observed movements of
bison from the Pelican Valley north to the Mirror Plateau in
early winter but is not consistent with our detected
movements of instrumented bison between the Pelican
and Hayden valleys continuously throughout winter. The
Complete and ESS methods grouped all locations in the
Madison–Firehole area and lumped all other relocations
into a second group. These latter 2 clusterings (Complete
and ESS) cannot be supported biologically as instrumented
bison moved regularly from the Hayden Valley to the
Madison–Firehole area throughout the winters of this study.

Figure 3. (A) Year-round population structure of Yellowstone bison as identified by the Euclidean Sum of Squares, Average Linkage, and Centroid fusion
strategies, Yellowstone National Park, 1997–2000. (B) Population structure of Yellowstone bison during the peak rut (15 Jul–15 Sep) as determined by 8
methods of cluster analysis, 1998–1999. No instrumented bison were cross-classified. (C) Population structure of Yellowstone bison during the extended rut
(1 Jun–31 Oct) as determined by the Mean Proximity method of cluster analysis, 1998–1999. (D) Population structure of Yellowstone bison during the
winter management period (1 Nov–31 May) as determined by the Centroid method of cluster analysis, 1997–2000.
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DISCUSSION

We evaluated the spatial structure of the Yellowstone bison
population based on year-round relocations from a sample of
uniquely identifiable animals. Our analysis indicates the
presence of 2 distinct groups of Yellowstone bison. We
designate these the northern and central herds. Our findings
support the assertion by Meagher et al. (1997) that historic
herd structure (Meagher 1973) has been altered by changes
in spatial distribution. Documented differences between the
2 herds with regard to timing of parturition (Gogan et al.
2005), dental wear patterns (Christianson et al. 2005), and
age structure (P. J. P. Gogan, United States Geological
Survey, unpublished data) support our identification of 2
subpopulations. Differences in timing of parturition may
reflect short-term (e.g., a single winter) response to differing
ecological conditions in the 2 areas, whereas differences in
dental wear patterns and age structure suggest separation for
a period much longer than the duration of our study. The
degree to which these 2 groups are spatially, genetically, and
demographically disjunct may influence the outcome of
natural processes and anthropogenic perturbations.

Our year-round analysis revealed that cross-classified
bison were distributed primarily in a movement corridor
between the Pelican Valley and Mirror Plateau near the
eastern border of the park. Those bison cross-classified in
the winter management period were distributed predom-
inantly from the Pelican Valley through the same movement
corridor to the northern range. The winter period
encompasses most management activity driven by bison
movements beyond the park boundaries and related to
efforts to prevent transmission of brucellosis from bison to
domestic livestock. We identified 2 groups, the northern
and central herds, during winter. Minimal exchange of
individuals occurred between these groups. The spatial
distribution of cross-classified relocations showed that
exchange during this period continued to occur almost
entirely in the upper Pelican Creek and Mirror Plateau areas
of YNP. We identified no cross-classified bison adjacent to
the park boundaries during our study although 1,084 bison
were removed in 1996–1997 under the interagency bison
management plan after approaching or crossing park
boundaries (National Park Service 2000).

We found consistent agreement among fusion strategies in
classifying radiomarked bison into 2 subpopulations with no
cross-classification during the rut. Exchange was greatest
during the winter management period, and was intermediate
during the extended rut. These patterns indicate that bison
exhibit high fidelity to a specific range during the rut and
lower fidelity in winter. In addition to the spatial separation
exhibited by Yellowstone bison, limited exchange of
individuals may result in genetic or demographic disjunc-
tion. When we assume the rut occurs between 15 July and
15 September, distinct northern and central herds with no
exchange are most pronounced. Thus, these 2 groups may
function as separate populations. Exchange rates were low
during the extended rut. We documented the exchange of
only 4 of 87 bison during the extended rut in 1998. Three of

the 4 returned to their original group before the end of that
year’s extended rut. We were unable to determine the
subsequent movements of the fourth bison. We did not
detect similar movements by the 65 bison radiotracked
during the extended rut in 1999. The extent of genetic
exchange between subpopulations cannot be determined
without knowing when and where individual bison breed. If
bison breed in multiple disjunct groups during a single
breeding season, then a single population would exist.
However, even if individuals breed in multiple groups, a
metapopulation would exist as long as breeding occurs in
only one group per breeding season (Wells and Richmond
1995). Such a pattern has implications for conservation
genetics.

An analysis of the genetics of Yellowstone bison
slaughtered as they left the park in the vicinity of Gardiner,
Montana, or West Yellowstone, Montana, between the
winters of 1996–1997 and 2001–2002 (P. J. P. Gogan,
unpublished data) revealed a genotypic differentiation
.75% between bison at the 2 locations (Halbert 2003).
Such differences imply long-term separation during the rut.
Similarly, exchange of bison between subpopulations at
Wood Buffalo National Park, Canada, is limited to the
extent that the subpopulations are genetically distinct
(Wilson and Strobeck 1999) although genetic material from
introduced plains bison (B. b. bison; Carbyn et al. 1993) has
diffused throughout the park’s original wood bison (B. b.

athabascae) population (Wilson and Strobeck 1999).
The influence of Yellowstone bison population size on the

dynamics of spatial population structure is not well under-
stood. We documented 2 subpopulations during a period
when Yellowstone bison numbered approximately 2,500.
Meagher (1973) identified 3 subpopulations during a period
when bison numbered ,600. Winter movements of bison
from the Norris Geyser Basin area to the Swan Lake Flats
area were observed prior to our study during the winter of
1996–1997, when the central herd numbered approximately
2,900 and the northern herd approximately 875 (Taper et al.
2000), and during the winters 2002–2003 and 2003–2004
when total numbers were approximately 4,000 (R. Wallen,
National Park Service, personal communication). However,
there has been no assessment of spatial population structure
at these higher numbers.

The spatial structure and distribution of the Yellowstone
bison population are dynamic. Our research coincided with
a time of population growth following large-scale culling.
Different exchange rates and population structure could be
expected with changes in population size. The probability of
large-scale movements beyond park boundaries has been
tied to population levels in excess of 3,000 (Cheville et al.
1998), and winter exchange rates may change as a function
of population size. In November 1996, bison captured and
released on the central herd range 13 km north of West
Yellowstone, Montana, were recaptured 3 km north of
Gardiner, Montana. Similarly, during the winters of 2001–
2002 and 2002–2003, groups of bison were observed moving
from the Lower Geyser Basin within the range of the central
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herd to the Swan Lake Flats and Blacktail Plateau areas of
the northern herd range. No such movements were
documented during our study. Also, we did not detect
movements beyond YNP’s southern boundary although they
occurred prior to our study (J. A. Mack, National Park
Service, personal communication), suggesting that a seg-
ment of the Yellowstone bison population may not have
been represented. This may reflect conditions during the
time of the study or indicate the need for a larger sample of
radiocollared bison to detect less-frequent movements.

Given the spatial structure of the population, the results of
any research on Yellowstone bison may apply only to the
segment studied. Caution should be exercised when
comparing segments of the population unless it can be
shown that these partitions are representative of spatially or
temporally distinct groups. Finally, the validity of previously
identified population segments should be cautiously eval-
uated given the dramatic changes in contemporary size and
spatial distribution of the Yellowstone bison population.

MANAGEMENT IMPLICATIONS

The spatial structure of the Yellowstone bison population
should be considered prior to management activities.
Management actions, if not applied to the entire population,
could impact one population segment and have no effect on
the other, due to the disjunct nature of the population. Our
results show that winter movements may fail to position a
segment of the bison population in proximity to localized
management activity. Management actions undertaken
during winter will have the greatest impact on the segment
of the population directly targeted for management, and
may have little, if any, effect on the other herd.
Alternatively, management activity targeting a single
population segment may benefit from the spatial segregation
exhibited. The possibility of reducing a herd below the level
needed to maintain the effective genetic population size of
50–500 bison (Franklin 1980, Soulé 1980, National Park
Service 2000) cannot be ignored given the limited spatial
overlap of the 2 herds during the rut and uncertainty
regarding the timing and location of breeding activity.
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editors. Conservation biology: an evolutionary-ecological perspective.
Sinauer, Sunderland, Massachusetts, USA.

Taper, M. L., M. Meagher, and C. L. Jerde. 2000. The phenology of space:
spatial aspects of bison density dependence in Yellowstone National Park.
Final Report, U.S. Geological Survey Biological Resources Division
Contract 1445-CAO9-95-0072 (sub-agreement no. 7). Montana State
University, Bozeman, USA.

Taylor, M. K., S. Akeeagok, D. Andriashek, W. Barbour, E. W. Born, W.
Calvert, H. D. Cluff, S. Ferguson, J. Laake, A. Rosing-Asvid, I. Stirling,
and F. Messier. 2001. Delineating Canadian and Greenland polar bear
(Ursus maritimus) populations by cluster analysis of movements. Canadian
Journal of Zoology 79:690–709.

Wells, J. V., and M. E. Richmond. 1995. Populations, metapopulations,
and species populations: what are they and who should care? Wildlife
Society Bulletin 23:458–462.

Wilson, G. A., and C. Strobeck. 1999. Genetic variation within and
relatedness among wood and plains bison populations. Genome 42:483–
496.

Wishart, D. 1999. ClustanGraphics primer: a guide to cluster analysis.
Clustan, Edinburgh, Scotland.

Associate Editor: McCorquodale.

1538 The Journal of Wildlife Management � 71(5)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


