
Northwest Science Notes

The purpose ofNotes is to publish papers typically less than five pages long. No specific format or
content is required for articles published as Notes, but all will be peer-reviewed and must be
scientifically credible. Authors may contact the Editor about the suitability ofmanuscripts for this
section.

Robert. M.lnmanl, Wildlife Conservation Society, 2023 Stadium Drive, Suite 1A, Bozeman, Montana, 59715

Rachel R.Wigglesworth, Wildlife Conservation Society, 2023 Stadium Drive, Suite 1A, Bozeman, Montana, 59715

Kristine H.lnman, Wildlife Conservation Society, 2023 Stadium Drive, Suite 1A, Bozeman, Montana, 59715

Michael K. SChwartz, United States Forest Service Rocky Mountain Research Station, 800 East Beckwith, Missoula,
Montana 59801

Brent L. Brock, Wildlife Conservation Society, 2023 Stadium Drive, Suite 1A, Bozeman, Montana, 59715

and

Jon D. Rieck, Wildlife Conservation Society, 2023 Stadium Drive, Suite 1A, Bozeman, Montana, 59715

Wolverine Makes Extensive Movements in the Greater Yellowstone
Ecosystem

Introduction

Wolverines (Gulo gulo) are believed to be have
been extirpated, or nearly so, from the northern
Rocky Mountains of the contiguous United States
by around 1920 (Skinner 1927,Davis 1939,Newby
and Wright 1955). Recovery has occurred to some
degree (Newby and Wright 1955, Newby and
McDougal 1964, Edelmann and Copeland 1999,
Cegelski et al. 2003); however, wolverines are
classified as a sensitive species by the USDA Forest
Service, a species of special concern in Idaho and
Wyoming, and a furbearer of restricted harvest
in Montana. The United States Fish and Wildlife
Service has been petitioned to list wolverines as
a Threatened or Endangered species in the con­
tiguous United States (60 Fed. Reg. At 19567).
Wolverines have not been listed, based in part on
insufficient data to determine population status
and the effects of human activities on wolverines
(FR Doc. 03-26453). The difficulties associated
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with studying a species that exists at low densi­
ties and resides in rugged, inaccessible areas have
resulted in extremely limited documentation of
wolverine population status and ecology. Only two
ecological studies, one in northwestern Montana
(Hornocker and Hash 1981) and another in cen­
tral Idaho (Copeland 1996), have been completed
in the contiguous United States. The Greater
YellowstoneArea (GYA)is thought to bethe south­
ern periphery of current wolverine distribution,
and population levels, demographics, and factors
influencing demographic rates remain undocu­
mented there. Wolverine habitats in the GYA ex­
ist in distinct mountain ranges that are often sepa­
rated by arid valleysand increasing levelsof human
activity. Understanding both wolverine movement
and dispersal within the GYA is important for
assessing long-term viability of wolverines in the
region and the potential for continued expansion
southward into historically occupied range.

Methods

As part of an ongoing study of wolverine ecol­
ogy in the GYA (Inman et al. 2003), we captured
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wolverines in log box traps (Copeland et al. 1995)
and surgically implanted them with VHF intrap­
eritoneal transmitters. We attempted to relocate
wolverines via telemetry flights every 7-10 days.
We also fit select individuals with store-on-board
global positioning system (GPS) units that were
programmed to collect locations every 2 hr. Re­
sults presented here recount one individual wol­
verine, M304, who made exceptional movements
worth documenting.

During captures, we collected small tissue
samples (earplugs or at surgical site) for genetic
analyses. To estimate lineage we extracted DNA
using standard protocols and used the following
17 microsatellite markers: Mvis072 , Mvis075,
Mvis87, Mvis020 (Fleming et al. 1999) , Gg3, Gg4,
Gg7,Ma2, Ma8, Ma9, Ttl, Tt4 (Davis and Strobeck
1998), Ggu234, GgulOl, Ggu2l6, Ggu238 (Duffy
et al. 1998), and Lut604 (Dallas and Piertney 1998).
Using these microsatellite data we compared hy­
potheses regarding the paternity of M304 with
program CERVUS (Marshall et al. 1998, Slate et
al. 2000). We used default simulation conditions
except we set the simulation parameters to the
following: a) error rates (due to gel scoring, al­
lelic dropout, or computer data entry): 1%, b)
Proportion ofloci typed: 100%, c) Proportion of
adults sampled: 50%, d) Number of candidate
parents: 10, and e) number of cycles to determine
delta significance: 10,000. Varying these simula­
tion parameters did not significantly alter our
results.

Results

We captured a young male wolverine (M304) in
the Teton Range ofWyoming on 23 January 2001.
His testes were undescended and we estimated
his age at 11 mo. Paternity analysis from the ge­
netic data suggest with >80% confidence that M304
was the offspring of F401 (LOD = 3.47; Delta =
1.88), a resident adult female of the Teton Range
(Inman et al. 2003). We collected 10 VHF aerial
locations on M304 in the Teton Range between
26 January and 23 April 2001 after which he dis­
appeared from radio-contact for 11 mo. On 23
March 2002 this wolverine was re-captured in the
Teton Range. His testes were descended and he
was bearing a functioning VHF implant, indicat­
ing an extended absence from the Teton Range.
We equipped him with a new VHF implant and a
GPS collar. The wolverine, now estimated to be
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25 mo old, retained the GPS unit for 42 days,
and we obtained 209 GPS locations (Figure 1).
During that same 42-day period we were able to
collect only 4 aerial locations from the VHF im­
plant.

GPS data revealed two large movements that
were not documented with our VHF telemetry
flights. Between 26 March and 13 April 2002,
the wolverine moved south from Grand Teton
National Park, Wyoming to the Portneuf Range
east ofPocatello, Idaho, and subsequently returned
to the Teton Range, covering a minimum distance
of 412 km in 19 days. Soon afterward, 18 - 24
April, this wolverine moved north to Mount
Washburn in the northern portion ofYellowstone
National Park and back to the Teton Range, trav­
eling a minimum distance of 226 km over 7 days.
The detachment mechanism of the GPS collar fired
prematurely and the collar dropped off of the
wolverine on 4 May 2002. In total, this wolver­
ine traveled a minimum of 874 km during a 42­
day period (23 March - 4 May 2002). Rate of
travel for the 99 GPS locations made at 2 hr in­
tervals ranged from 0.0 - 6.9 km/hr (average 1.36
± 0.14 km/hr); the largest distance moved during
a 2 hr period was 13.8 km. GPS data provided 26
independent (separate and exclusive) 24 hr sam­
pling intervals, and this wolverine moved a mean
of 14.3 km (range 0.7 - 33.1 km) during those
intervals. The wolverine moved >20 km during
38% of 24 hr sampling intervals.

After dropping the GPS collar this wolverine
was located on 29 occasions via the VHF implant
transmitter over the next 19 mo. These 29 loca­
tions were made in several distant areas includ­
ing the Gros Ventre, Wind River, and Salt River
Ranges of Wyoming and the Centennial Range
along the Idaho - Montana border, further ex­
tending the known range of this wolverine.

M304 was legally harvested by a trapper in
the Montana portion of the Centennial Range on
11 Jan 2004 at 47 mo of age. Greatest straight­
line movement distance between two locations
of this individual was 266 km (Mount Washburn
and Portneuf Range). Bearings and straight-line
distances at which M304 has been relocated from
his capture site in the Tetons include 155 km south­
west, 137 km north, 101 km southeast, 124 km
south, and 135 km northwest; he returned to the
Tetons in-between at least 2 of these relocations.
All 252 of M304's locations produced a home
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Figure 1. Locations of a male wolverine, M304, captured in the Teton Range of western Wyoming and made over a 34 mo
period while the wolverine was 11-46 mo of age, 23 February 2001-19 December 2003.
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range estimate of 37,637 km2 using the 100%
minimum convex polygon (MCP) method (Hayne
1949). Locations made >24 hr apart (n = 77) re­
sulted in home range estimates of 36,906 km2 using
100% MCP, and 26,312 km2 using the 95% fixed
kernel method (Worton 1989, Seaman et al. 1998).

Discussion

M304 was born in the Teton Range, initiated ex­
ploratory movements (Vangen et al. 2001) at a
maximum of 15 mo of age, and continued to do
so through at least 36 mo of age, a period of al­
most 2 yr. Exploratory movements to areas>100
km away occurred in as few as seven days or took
place over several months. This wolverine moved
into at leasteight distinctmountain ranges including
the Snake River,Caribou, Portneuf, Mt. Washburn,
Gros Ventre, Wind River, Salt River, and Centen­
nial Ranges. During these movements the wol­
verine was located within the jurisdictions of 3
states, 2 national parks, 9 districts of 3 national
forests, the Bureau of Land Management, the
Bureau of Indian Affairs, the Idaho Department
of Lands, the U.S. Sheep Experiment Station, and
private parcels.

Greatest reported movement distances of wol­
verines in North America include a 2-yr-old male
wolverine in Alaska that was trapped 378 km from
his research capture location (Gardner et al. 1986)
and an unknown age female that moved 300 km
(Magoun 1985). Idaho wolverines have been docu­
mented traveling >200 km at 2-3 yr of age
(Copeland 1996). Greatest straight-line distance
between two of M304's locations was 266 km,
which is within the observed range for the spe­
cies. However, M304 moved large distances in
several different directions from the Teton Range,
often in separate excursions. Hornocker and Hash
(1981) reported an average annual home range
of 422 km 2 for male wolverines in northwest
Montana using the minimum polygon method.
Copeland (1996) reported total home ranges of
1,313 - 2,059 km2 for 3 adult male wolverines
and 776 - 3,692 km2 for 3 subadult male wolver­
ines in central Idaho using 24 hr independent lo­
cations and the 95% MCP method. Male wolver­
ines become sexually mature at 14-27 mo (Rausch
and Pearson 1972, Banci and Harestad 1988), and
dispersal occurs at 13 mo of age on average (range
7-18 mo) in Scandinavia (Vangen et al. 2001).
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The large home range estimate for M304 likely
represents that of a male during the period of ex­
ploratory movement and dispersal and thus may
not be directly comparable to typical adult home
range size. Few wolverines in the contiguous U.S.
have been monitored during the age-period that
we were able to monitor M304 and none before
with GPS technology.M304 appears to have started
the dispersal process, but had not established a
resident area similar in size to other adult male
home ranges by as late as 36 mo of age.

Collecting VHF radio-telemetry data on wol­
verines is difficult because the physical charac­
teristics of the species limit the size and signal
range of transmitters, they often use rugged ter­
rain that can further limit signal reception, and
they have large home ranges. Our data indicate
that aerial locations scheduled to occur>7 days
apart or single instances of non-locations during
weekly flights may miss important movements.
Underestimation of home range size and popula­
tion connectivity may occur in the absence of
extraordinary flight coverage or use of develop­
ing technologies.

Low densities (Banci 1994), low reproductive
rates (Persson 2003), large home range sizes
(Inman et al. 2003), and the scale of movement
documented with M304 suggest that wolverine
populations may function over an extremely large
geographic area in the GYA. Regional planning
that occurs collaboratively across multiple juris­
dictions may be important for maintaining viable
populations and allowing continued expansion into
historically occupied areas. Austin (1998) sug­
gested that roads with rights-of-way>100 meters
serve as a deterrent to wolverine movements and
Cegelski et al. (2003) suggested that major roads
(e.g., Interstate Highways 15 and 90), cities,
and agricultural areas in lowland valleys struc­
ture wolverine populations. While these fea­
tures may limit movement, major rivers and
some roads do not appear to be impermeable
barriers to our male wolverine, and genetic in­
terchange among distinct mountain ranges in the
GYA is currently possible. However, human den­
sities and associated developments are increas­
ing rapidly in the region (Johnson 2001), and
timely management actions designed to maintain
linkage zones between ranges of the GYA are
warranted for wolverines.



Acknowledgements

This work was accomplished through funding,
in-kind support, or cooperative efforts with nu­
merous individuals and organizations. We thank
Alta Wyoming 4H Natural Resources Club, John
Beecham, Bombardier, Bullitt Foundation, Charles
Engelhard Foundation, Jeff Copeland, Driggs Vet­
erinary Clinic, Elinor Patterson Baker Trust, Elk
Meadows Ranch, Greater Yellowstone Coordinat­
ing Committee, Maurice Hornocker, Idaho De­
partment of Fish & Game, Laura Moore
Cunningham Foundation, Montana Aircraft Inc.,

Literature Cited

Austin, M. 1998. Wolverine winter travel routes and response
to transportation corridors in Kicking Horse Pass be­
tween Yoho and Banff National Parks. M.S. Thesis,
University of Calgary, Calgary, Alberta.

Banci, v., and A. S. Harestad. 1988. Reproduction and natal­
ity of wolverine (Gulo gulo) in Yukon. Annals
Zoologica Fennici 25:265-270.

Banci, V. 1994. Wolverine. Pages 99-127 In L. F. Ruggiero,
K. B. Aubry, S. W. Buskirk, L. J. Lyon, and W. J.
Zielinski (editors), The scientific basis for conserv­
ing forest carnivores, American marten, fisher, lynx,
and wolverine in the western United States. USDA
Forest Service General Technical Report RM-254.
Rocky Mountain Forest and Range Experiment Sta­
tion, Fort Collins, Colorado.

Cegelski, C., L .P. Waits, and N. J. Anderson. 2003. Assess­
ing population structure and gene flow in Montana
wolverines (Gulo gulo) using assignment-based ap­
proaches. Molecular Ecology 12: 2907-2918.

Copeland, J. P. 1996. Biology of the wolverine in central Idaho.
M.S. Thesis, University of Idaho, Moscow, Idaho.

Copeland, J. P., E. Cesar, J. M. Peek, C. E. Harris, C. D. Long,
and D. L. Hunter. 1995. A live trap for wolverine and
other forest carnivores. Wildlife Society Bulletin
23:535-538.

Dallas, 1. F., and S. B. Piertney. 1998. Microsatellite primers
for the Eurasian otter. Molecular Ecology 7:1248-1251.

Davis, W. B. 1939. The Recent Mammals of Idaho. Caxton
Printers, Caldwell, Idaho.

Davis, C. S., and C. Strobeck. 1998. Isolation, variability, and
cross-species amplification of polymorphic
microsatellite loci in the family Mustelidae. Molecu­
lar Ecology 7:1776-1778.

Duffy, A. J., A. Landa, M. O'Connell, C. Stratton, and J. M.
Wright. 1998. Four polymorphic microsatellites in
wolverine, Gulo gulo. Animal Genetics 29:63-72.

Edelmann, F., and J. P. Copeland. 1999. Wolverine distribu­
tion in the northwestern United States and a survey in
the Seven Devils Mountains of Idaho. Northwest Sci­
ence 73:295-300.

Flemming, M. A., E. A. Ostrander, and 1. A. Cook. 1999.
Microsatellite markers for American mink (Mustela

Montana Department of Fish, Wildlife, & Parks,
Mountain Air Research, National Park Service,
Private Individuals, Richard King Mellon Foun­
dation, Sun Ranch, Turner Endangered Species
Fund, United States Forest Service, Wilburforce
Foundation, Wolverine Foundation, Wyoming
Game & Fish Department, and Y2Y-Wilburforce
Science Grants Program. We also thank Kristy
Pilgrim and Cory Engkjer for their work in the
genetics laboratory and Brian Anderson, Craig
Burr, Eli Burr, Chad Dickinson, Don Lingle, Bill
Harrower, Tony McCue, Cy McCullough, Heath
Smith, and Mark Szydlo for their work in the field.

vison) and ermine (Mustela erminea). Molecular Ecol­
ogy 8:1352-1354.

Gardner, C. L., W. B. Ballard, and R. H. Jessup. 1986. Long
distance movement by an adult wolverine. Journal of
Mammalogy 67:603.

Hayne, D. W. 1949. Calculation of size of home range. Jour­
nal of Mammalogy 30:1-18.

Hornocker, M. G., and H. S. Hash. 1981. Ecology of the wol­
verine in northwestern Montana. Canadian Journal of
Zoology 59:1286-1301.

Inman, K. H., R. M. Inman, R. R. Wigglesworth, A. J. McCue,
B. L. Brock, J. D. Rieck, and W. Harrower. 2003.
Greater Yellowstone Wolverine Study, Unpublished
Cumulative Progress Report December 2003, Wild­
life Conservation Society Technical Report. Bozeman,
Montana.

Johnson, V. K. 2001. Trends in rural residential development
in the Greater Yellowstone Ecosystem since the list­
ing of the grizzly bear. Yellowstone Science 9(2):2-9.

Magoun, A. J. 1985. Population characteristics, ecology and
management of wolverines in northwestern Alaska.
Ph.D. Dissertation, University of Alaska, Fairbanks,
Alaska.

Marshall, T. C., 1. Slate, L. E. B. Kruuk, and J. M. Pemberton.
1998. Statistical confidence for likelihood-based pa­
ternity inference in natural populations. Molecular
Ecology 7:639-655.

Newby, F. E., and P. L. Wright. 1955. Distribution and status
of the wolverine in Montana. Journal of Mammalogy
36:248-253.

Newby, F. E., and J. 1. McDougal. 1964. Range extension of
the wolverine in Montana. Journal of Mammalogy
45:485-486.

Persson, 1. 2003. Population ecology of Scandinavian wol­
verines. Ph.D. Dissertation, Swedish University of
Agricultural Sciences, Umea, Sweden.

Rausch, R. A., and A. M. Pearson. 1972. Notes on wolverine
in Alaska and the Yukon Territory. Journal of Wild­
life Management 36:249-268.

Seaman, D. E., B. Griffith, and R. A. Powell. 1998.
KERNELHR: a program for estimating animal home
ranges. Wildlife Society Bulletin 26:95-100.

Skinner, M. P. 1927. The predatory and forbearing animals
of the Yellowstone National Park. Roosevelt Wildlife
Bulletin 4:194-195.

Yellowstone Wolverine Movements 265



Slate, 1., T. Marshall, and J. Pemberton. 2000. A retrospec­
tive assessment of the accuracy of the paternity infer­
ence program CERVUS. Molecular Ecology 9:801­
808.

Vangen, K. M., J. Persson, A. Landa, R. Andersen, and P.
Segerstrom. 2001. Characteristics of dispersal in wol­
verines. Canadian Journal of Zoology 79: 1641-1649.

Worton, B. J. 1989. Kernel methods for estimating the utili­
zation distribution in home range studies. Ecology
70:164-168.

Received 5 June 2003
Acceptedfor publication 8 March 2004

266 Northwest Science,Vol. 78, No.3, 2004




