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PROJECT SUMMARY

The wolverine (Gulo gulo) is a medium size carnivore that inhabits the most remote areas of the Northern Hemisphere and is arguably one of the least understood carnivores in the world.  Although circumboreal in distribution, presence and status within its range is not well described, nor, are the ecological requirements of the wolverine well understood. The wolverine persists in a broad range of ecological environments from arctic barrens to montane coniferous forests. Within its present range, populations appear to be strongly linked to isolated, remote regions. 

Wolverines, although largely a generalist in habitat and food associations, rely heavily on scavenging large ungulate carcasses during the winter.  Studies report starvation as a significant mortality factor in wolverines and that ungulate carcasses, provided through predation by other carnivores, and hunter-related wounding loss, may contribute heavily to the wolverine’s winter diet. 

Population density estimates range from 1 wolverine/67 km2 to 1/200 km2.  It is not well understood how populations function at low densities, thereby raising concerns about the persistence of wolverine populations in areas with sustained or intensive human activities.  The reported sensitivity of female wolverines to human presence during the denning period has substantial management implications relative to human winter recreational use patterns.  Recent increased interest in winter recreation, and improved technology, have resulted in greater numbers of people accessing backcountry areas to ski and snowmobile.  Increased human presence may displace or stress animals during periods when metabolic and thermoregulatory maintenance may be critical.
Recent efforts to survey for the presence of wide-ranging carnivores, like the wolverine, include track surveys on snow, infrared camera surveys, hair traps for collecting genetic material, and genetic analysis of fecal material.  Although these methods may have promise for inventorying and monitoring wolverine populations, none have been validated using an intensively studied wolverine population. 

Two study sites have been selected for intensive fieldwork: one site will be located in the Teton Mountain Range in the southern part of the Greater Yellowstone Ecosystem (sGYE), and a second site in the Madison Range within the northern Greater Yellowstone Ecosystem (nGYE).  In the sGYE, the 2000-2001 field season will focus on an expanded trapping effort on the west side of the Teton Mountain Range and on winter snow track and remote camera surveys to identify potential trap sites for capturing wolverines on the east side of the Teton Range in Grand Teton National Park (GTNP).  In the nGYE, the 2000-2001 field season will concentrate on winter snow track and remote camera surveys in the Madison Mountain Range to identify potential trap sites for capturing wolverines.  Baits will be placed in areas likely used by wolverines on both study sites, and checked weekly for evidence of wolverine activity.  Hair snags will also be used at these sites to identify individual animals visiting each bait site.  

Introduction

The wolverine is a medium size carnivore that inhabits the most remote areas of the Northern Hemisphere and is arguably one of the least understood carnivores in the world.  Although circumboreal in distribution, presence and status within its range is not well described, nor, are the ecological requirements of the wolverine well understood.  Within North America, the wolverine is believed to have once been present throughout the central and northern Rocky Mountain region and along the Sierra-Nevada/Cascade range extending northward into and across Canada and Alaska (Grinnell et al. 1937, Hash 1987).  Infrequent, historical observations suggested wolverine presence across the northern tier States and into New England, and south through Utah, Colorado, and into New Mexico.  Most records of wolverines within the upper Midwest States pre‑date human settlement, with the animal likely absent by the early 1900s (Banci 1994).  Present distribution of the wolverine in the western United States appears to consist of several peninsular extensions of Canadian populations (Hash 1987, Banci 1994).  While reports of wolverine sightings persist in the Rocky Mountain states (Banci 1994), only Montana, Wyoming and Idaho report populations of some known extent.

Early efforts to research wolverines were pioneered in the 1960s by Fennoscandian researchers (Pulliainen 1968, Myrberget 1968).  Information on movements, denning, and scentmarking were collected through snow tracking or by enlisting the aid of hunters.  These data were largely anecdotal, but provided some insight into the behavior of the wolverine.

In North America, in the mid-1970s, Maurice Hornocker and Howard Hash, working in northwestern Montana , were the first to use radio telemetry tracking devices to instrument and monitor free-ranging wolverines.  Their research established a base-line understanding of a wolverine population, its spatial use, and habitat preferences (Hornocker and Hash 1981).  Since then, only 6 other research efforts have been completed world-wide, with only one of these projects focused on wolverines within the contiguous U.S. (Magoun 1985, Gardner 1985, Banci 1987, Whitman et al. 1986, Copeland 1996, Landa 1997)

The wolverine appears to be well adapted to boreal and arctic habitats, although largely a generalist in habitat and food associations.  The wolverine persists in a broad range of ecological environments, from arctic barrens to montane coniferous forests.  The wolverine is active throughout the year and well adapted to cold and snow.  Within its present range, populations appear to be strongly linked to isolated, remote regions.  Past research indicates, and current studies support the belief that wolverine presence in the contiguous U.S. may be strongly tied to a female’s preference for isolated, subalpine habitats necessary to provide secure reproductive denning sites.  Within North America, the reproductive dens of only 6 female wolverines have been identified and described (Magoun and Copeland 1999).  Wolverine reproductive rates are low, averaging less than 1 kit/female/year (Magoun 1985, Copeland 1996) with reproductive success likely tied to nutrition.  Wolverines rely heavily on scavenging large ungulate carcasses during the winter denning period.  Studies report starvation as a significant mortality factor in wolverines and that ungulate carcasses, provided through predation by other carnivores, and hunter related wounding loss, may contribute heavily to the wolverine’s winter diet.  The summer and fall diet of the wolverine is much less understood.  Studies in Alaska (Whitman et al. 1986) and Yukon (Banci 1987), and current research in Canada indicate a reliance on rodents during spring and early summer (J. Copeland, pers. comm.).

In a 1972 paper, Rausch and Pearson, in reference to Scandinavian observations of male wolverine interacting with denning females, entertained the possibility of seasonal monogamy in the wolverine, suggesting that a male-biased harvest in such a case could seriously impact reproduction.  Recent research (Copeland 1996) presented the idea of male parental care in central Idaho wolverines, arguing that kinship interaction and the sharing of resources may benefit individual, and thereby population, fitness in enhancing the probability of juvenile and subadult survival.  More recently, researchers in Canada (J. Copeland, pers. comm.) have expressed concerns that survival of young female wolverines to reproductive maturity may be the most critical component of population viability.  An understanding of sociality, or what Hornocker et al. (1983) termed the “internal characteristics”of a wolverine population, may be vital to management for maintaining sustained presence of wolverines.

Reported population density estimates range from 1 wolverine/67 km2 to 1/200 km2.  It is not well understood how populations function at low densities, thereby raising concerns about the persistence of wolverine populations in areas with sustained or intensive human activities.  Populations within the northern Rocky Mountains of Montana, Wyoming, and Idaho are generally believed to be contiguous with Canadian wolverine populations.  However, recent research to measure genetic variability among North American wolverines indicates Idaho wolverines may be genetically isolated from northern populations (Christopher Kyle, Univ. Calgary, pers. comm.).  Historically, wolverines probably persisted within a complex of naturally fragmented subpopulations, genetically contiguous through occasional male dispersal.  However, within recent time, human and various land-use activities have likely reduced the opportunity for subpopulation connectivity.  While wolverines are capable of long-distance dispersal, the probability of successfully crossing habitat gaps may be reduced with human presence.  Combined with limited opportunity for individual dispersal due to naturally low reproductive rates, gene flow among subpopulations may be significantly reduced, leaving some subpopulations susceptible to environmental perturbations and possible extinction. 

Wolverines are protected throughout much of their range in the western U.S., and are classified as a Sensitive Species (USDA Forest Service), Species of Special Concern (Wyoming and Idaho) or furbearer with restricted harvest (Montana).  However, little data exist concerning their population status.  Recent management efforts have focused only on surveying for presence of wolverines, especially in areas of predicted denning habitat.  The reported sensitivity of female wolverines to human presence during the denning period has substantial management implications relative to human winter recreational use patterns.  The potential impact winter recreation, primarily backcountry skiing and snowmobiling, may have on wolverines is unknown.  Winter historically produced natural refugia in all but the most accessible areas due to the difficulty of human access in areas of heavy snowfall.  Recent increased interest in winter recreation, and improved technology has resulted in greater numbers of people accessing backcountry areas to ski and snowmobile.  Increased human presence may displace or stress animals during periods when metabolic and thermoregulatory maintenance may be critical.  Recent research in Idaho and Canada suggests a significant overlap between wolverine reproductive habitat and winter recreation use areas.  No published data are available concerning the impacts of human summer recreational activities on wolverines.  

Recent efforts to survey for the presence of wide-ranging carnivores, like the wolverine, include track surveys on snow, infrared camera surveys, hair traps for collecting genetic material, and genetic analysis of fecal material.  Although these methods may have promise for inventorying and monitoring wolverine populations, none have been validated using an intensively studied wolverine population. 

Study Area

Two study sites (Figure 1) have been selected for intensive fieldwork: one site will be located in the Teton Mountain Range in the southern part of the Greater Yellowstone Ecosystem (sGYE), and a second site in the Madison Range within the northern Greater Yellowstone Ecosystem (nGYE).  The two proposed study sites offer unique opportunities for wolverine research, including important variability in land classification and human presence.  Some parts of the National Parks and designated Wilderness Areas provide low human-impact habitat, while other parts, and portions of the Targhee and Gallatin National Forests, support moderate-to-high levels of human impacts.  Big game hunting is allowed in most of the two study areas, while hunting is severely restricted or not allowed within the National Parks.  Wolverines are harvested as a furbearer species in Montana, but are not harvested in Wyoming or the National Park lands.

To tie the northern and southern study areas, eventual expansion of the project into Yellowstone National Park will be considered.  Additionally, it is the objective of this project to re-open the study area in central Idaho that has been the source for the most recent information on wolverine ecology (Copeland 1996) in the contiguous United States.  The inclusion of this study area would create a triad of ecological contrasts and comparisons to rapidly move forward management and conservation efforts for wolverines in the Northern Rockies ecosystem.

Teton Study Area

The southern most productive population of wolverines in North America may occur in the Teton Mountain Range, bordered on the east by GTNP and on the west by the Teton Basin (Figure 2).  The Teton Range is approximately 65 km long and 15-25 km wide.  In contrast to the steep, precipitous face of the east side of the Teton Range, the west slope is broad and gentle.  Elevation ranges from 1,800 m to 4,206 m on the east side and 3,353 m on Table Mountain on the west slope.  The Jedediah Smith Wilderness occurs in the upper portions of the west slope of the Teton Range.  This area is traversed by many backcountry trails that are accessible year around.  Approximately 60,000 visitor use days occur on the Targhee National Forest portion of the Jedediah Smith Wilderness.  Some of this use also extends into GTNP to the east of the Teton Range.

The landscape is a diverse mix of forested and open vegetation types.  Open Douglas fir (Pseudotsuga douglassi) forests, mountain brush species, aspen (Populus tremuloides), and sagebrush (Artemisia sp.) pockets are predominately found on the south and west aspects.  Upper elevations are characterized by mixed conifer forests, grass/forb meadows, and talus slopes.  Mean annual temperature recorded at Palisades on the southwest slope of the Teton Range was 6.4 C and precipitation averaged 49.7 cm (Markow 1994).

Field research in the Teton Range was initiated by J. Copeland on the west slope in 1998 and two wolverines are currently instrumented and being aerially monitored on a weekly basis. Wolverine sightings are common within GTNP (Figure 3) and radioed wolverines use the Park and adjacent Targhee National Forest throughout the year.  Protected areas within GTNP and Jedediah Smith Wilderness contain significant wolverine denning habitat (J. Copeland, pers. comm.), and may function as a key to wolverine survival in the Teton Mountain Range.  The trapping effort will be expanded to include GTNP to evaluate the importance of habitat within the Park to overall wolverine survival.

Madison Range

A second, intensive study site will be located north of Hebgen Lake in the Madison Range in southwestern Montana (Figure 4).  The Spanish Peaks Unit of the Lee Metcalf Wilderness is located on the north side of the study area.  Two other parts of the Lee Metcalf Wilderness, the Monument Mountain Unit on the east and the Taylor Hilgard Unit on the west, occur within the study area.  The Madison and Gallatin Rivers, respectively, form the west and east boundaries of the proposed study area.  

The topography of the Madison Range varies from steep streambreaks, to rolling hills, glaciated lands, and broad rolling plateaus.  Elevations range from 1700 m to over 3400 m.  The area has a continental climate with vegetative communities ranging from short grass prairie to Douglas fir and lodgepole pine forests, to alpine tundra at the highest elevations.  Precipitation ranges from 50 cm in the valleys to over 150 cm at higher elevations.  Most precipitation falls as snow.

The U. S. Forest Service manages 79 % of the study area.  Approximately 29 % of the area is privately owned, including the Big Sky development located near the north boundary of the area.  The Big Sky ski resort comprises 6% of the privately owned land and was developed in the early 1970’s on former National forest and Burlington Northern Railroad lands.  Approximately 1/3 of the Madison area has been affected by timber harvest and road construction activities (U.S. Forest Service 1997).

The Madison Range contains three differing areas of habitat suitability for wolverine; the Spanish Peaks area to the north, the Big Sky area in the north-central part of the range, and the Taylor Creek/Indian Creeks area to the south.  The Spanish Peaks are has low structural diversity, but contains good quality habitat.  This area has high elk numbers and the potential for good carrion forage base on the existing winter range.  The Big Sky area has the lowest quality habitat due to human encroachment, timber harvest, low forage base, and limited natal denning habitat.  The Taylor/Indian Creeks areas have the best wolverine habitat in the Madison Range.  Low road densities, remoteness, and a good distribution of high quality natal/maternal denning areas characterize this area.  The forage base in this area is also good.

Human recreational use of the Madison Range includes hunting, fishing, hiking, scenic driving, camping, and winter sports.  Winter sports activities have increased dramatically since the 1970’s when the Big Sky and Lone Mountain ski resorts opened.  

Study Objectives 

We propose a comprehensive, long-term field research project to evaluate the ecology and status of wolverines and to investigate the relationship between human activities and wolverine persistence in the Northern Rocky Mountain Region. The initial study effort will center on a northwest Wyoming study site and one in southwest Montana, with consideration for eventual project expansion into central Idaho.  A radio-telemetry effort will focus on identifying wolverine population characteristics, habitat and food associations, and the impacts of human activities on wolverine movements, survival, and habitat use.  

A complementary, noninvasive sampling methodology will be developed for documenting wolverine presence and distribution, population density and trend, and assessing gene flow among various subpopulations. The intensive population survey sampling effort will include the two primary study areas; a less intensive survey effort will be conducted in cooperation with the USFS, and will involve additional areas in western Montana, central Idaho, and western Wyoming.  These surveys will be coordinated with wolverine snow track surveys conducted by MDFWP in western Montana.

Primary Objectives

1. To document the population characteristics of wolverines on two study areas in the northern Rocky Mountains, including reproductive biology, movements, dispersal patterns, sex and age composition and survival rates, and cause-specific mortality patterns;

2. To identify critical wolverine habitat and habitat use patterns for incorporation into an integrated habitat management plan for the GYE;

3. To measure and evaluate the availability, use, and importance of carcasses from predator kills, and hunter-harvested deer (Odocoileus sp.) and elk (Cervus elaphus) remains, and black bear (Ursus americanus) baits on wolverine movement patterns, habitat use, and reproductive performance;

4. To document the impact of human recreational and other activities on wolverine activity patterns, movements, survival rates, and habitat use on two study areas in the northern Rocky Mountains; and,

5. To develop and validate survey methods for monitoring wolverine population status and trend in the northern Rocky Mountains.

Secondary Objectives

1. To describe denning ecology and den characteristics of reproductively active adult female wolverines;

2. To describe seasonal food habits of wolverines, including distribution and availability of major food items;

3. To collect and analyze blood, hair, fecal, and tissue samples to evaluate nutritional and genetic similarities and differences among wolverine subpopulations; and,

4. To describe interspecific relationships of wolverines with other large carnivores (cougars (Puma concolor), black bears, grizzly bears (U. arctos), and wolves (Canis lupus)) in the GYE.

Methods

Population Characteristics   
Wolverines will be captured during December – April each year using log box-traps (Copeland et al. 1995) baited with road-killed deer or elk, beaver (Castor canadensis) carcasses, or fish.  Specific trap locations will be identified from track  and/or remote camera surveys conducted during the 2000-2001 field season in areas accessible by snowmachine.  Radio transmitters will be used for remote monitoring of trap sites and the trapping crew will physically visit each trap every 4 days to maintain the traps and document any activity in the vicinity of the traps by wolverines that are not captured.

Captured animals will be immobilized with Telazol/xylazine or Ketamine/xylazine administered by a syringe mounted on a 2m-jab stick.  Intraperitoneal transmitters (Telonics, Mesa, AZ) will be surgically implanted at the capture location in all adults and subadults by a licensed veterinarian and each animal will be marked with a Pit tag or ear-tagged.  Captured animals will be sexed, weighed, measured, and photographed. Wolverines will be subjectively aged at the capture site as adult, subadult or juvenile based on tooth wear or eruption, body size, and teat/testis measurements (Magoun 1985).  A premolar (pm1) will be extracted for aging purposes and blood and tissue samples will be collected for nutritional and genetic analyses. Animals will be held in the log traps until they are fully recovered from the anesthesia; they will then be released.  Captured non-target species will be released without handling.

Serum progesterone levels in blood samples, physical examination during surgery to implant transmitters, direct observation, and snow tracking will be used to ascertain reproductive rates for female wolverines.  We will closely monitor the proportion of females that are pregnant each year, number of kits/litter, number of kits/female/year, and age at first reproduction. Wolverine dens (natal, maternal, and rendezvous sites), snow excavations not associated with reproductive activities, and resting sites will be examined and mapped after they have been abandoned by the animals using them.

Transmitters equipped with motion-sensitive sensors will be used to document cause-specific mortality.  All transmitters emitting mortality signals will be retrieved as soon as possible so that the carcass can be examined for cause of death.  Survivorship analysis will follow the Kaplin-Meier staggered entry approach.  

Home range and movement data will be collected from weekly aerial locations and from ground tracking.  A kernel home range estimation program developed by E. O. Garton (Univ. of Idaho, Moscow) will be used to calculate annual and seasonal home ranges.  Program Home Range (Ackerman et al. 1990) will be used to calculate harmonic mean core areas of use (Samuel et al. 1985).  Seasonal home ranges will be defined as summer-fall (June-November) and winter-spring (December-May) based on the presence or absence of snow.  

Sex, age, and reproductive status will also be considered in calculating home range variability among years.  Movements and social interactions of radioed wolverine kits produced on the study area will be monitored to assess dispersal characteristics.

H1:
The potential availability of large amounts of carrion on the Madison Range study area, as compared to the Teton Range study area, will positively influence wolverine population demographics in the nGYE.

Habitat Use and Movement Patterns

Patterns of movement and habitat use by wolverines are variable among sex and age classes and are influenced by residency status and the availability of food resources (Copeland 1996).  We will measure sex and age specific home ranges, spatial overlap (Copeland 1996) and the availability of food resources to assess social organization, residency status, and habitat requirements.

Weekly aerial radio telemetry locations and ground relocations will be used to describe wolverine habitat use, movement, and activity patterns.  Relocations will be recorded using an aerial or ground based Global Positioning System (GPS) and transferred to 1:24,000 topographic maps and a computer based ARC/INFO 7.1 Geographic Information System (GIS) for future analysis.  The accuracy of aerial relocations will be tested periodically against known-location transmitters.  Short-term relocation sequences, stratified by human activity, land-use classification, and habitat characteristics, will be used to detect movement patterns associated with foraging activities.  Wolverine scat and forage site analysis will follow Kelly (1991).

Habitat availability and use by radioed animals will be analyzed using GIS at 3 levels. Level 1 will include total relocations for each study animal compared to habitat availability within a composite polygon of all identified 95% kernel home ranges within each study area.  Level 2 will include total relocations for each study animal compared to habitat availability within that animal’s 95% kernel home range.  Level 3 will include core home range relocations for each study animal compared to habitat availability within that animals core home range.

H2:
Mean elevation of wolverine radio relocations will fluctuate seasonally in response to food availability.

H3:
Mean home range size for wolverines in the Madison Range will differ from that for wolverines in the Teton Range. 

Availability of Food Resources

Hunting by humans is responsible for the majority of deer and elk mortality during the fall.  Unsworth et al. (1993) reported over 90% of all bull elk deaths occurred during the hunting season in Idaho, and wounding mortality equaled 7% of the hunter harvest.  Leptich and Zager (1991) estimated hunter-wounding loss of cow elk in northern Idaho at 27%.  Carrion from ungulate remains may be an important food source for grizzly bears, coyotes, and other scavengers , as well as, for wolverines during winter months. Deer and elk harvest records from Montana Department of Fish, Wildlife, and Parks (MDFWP) and Wyoming Department of Game and Fish (WDGF) will be used to estimate the availability of ungulate remains from the fall hunting season.

The number and distribution of baits used by Wyoming black bear hunters on the west slope of the Teton Mountain Range will be used to determine the importance of this potential food resource to wolverines and their influence on movement and activity patterns.  

Wolverine scats will be collected, opportunistically, to describe their seasonal food habits.  Serum progesterone levels will be measured from scats deposited by adult female wolverines to document pregnancy rates.

H4:
Mean daily wolverine movement distances will decrease during big game hunting seasons.

H5:
The availability of ungulate carcasses will influence wolverine movements and activity patterns.

Human-Wolverine Interactions

The two primary study areas offer a variety of opportunities to evaluate the impacts of human based recreation on wolverine activity, movements, reproduction, and survival.  Initially, each of the two study areas will be stratified, based on predicted seasonal human use patterns, and land management practices to evaluate wolverine-human interactions.  Periodic nocturnal monitoring of selected wolverines will be used to evaluate and contrast temporal changes in movement and foraging patterns by wolverines in low and moderate-high human use areas.

Summer (June-August) human activity patterns on the two study sites will be documented using TS 601 portable traffic counters (Cuesta Systems, San Luis Obispo, CA) on selected trail systems.  Human use during the fall deer and elk hunting season (September-November) will be estimated from MDFWP and WDGF license and harvest records.  The amount and distribution of late-winter and early-spring (February-May) human use of the two study sites will be documented using aerial surveys conducted specifically for that purpose and from incidental observations while monitoring radioed wolverines.

H6:
Summer and winter wolverine distribution will be inversely correlated with human recreational activities.

Survey Methodology

A variety of indirect survey methods will be used to develop a reliable estimator of wolverine population status and trend.  Survey efforts, conducted in cooperation with the USFS and MDFWP, will include scent station lures, remote camera stations and hair snags near baited sites, and snow track surveys.  Snow track survey methods will follow the protocol established by MDFWP for their winter furbearer surveys.  Density estimates based on intensive capture-recapture and radio telemetry methods will be used on the two primary study sites to validate survey results. 

Significance

The wolverine is a medium size carnivore that inhabits the most remote areas of the Northern Hemisphere and is arguably one of the least understood carnivores in the world.  Although circumboreal in distribution, presence and status within its range is not well described, nor, are the ecological requirements of the wolverine well understood.

Historically, wolverines probably persisted within a complex of naturally fragmented subpopulations, genetically contiguous through occasional male dispersal.  However, within recent time, human and various land-use activities have likely reduced the opportunity for subpopulation connectivity.  While wolverines are capable of long-distance dispersal, the probability of successfully crossing habitat gaps may be reduced with human presence. 

Recent research in Idaho and Canada suggests a significant overlap between wolverine reproductive habitat and winter recreation use areas. Winter historically produced natural refugia due to the difficulty of human access in areas of heavy snowfall.  However, recent increased interest in winter recreation, and improved technology has resulted in greater numbers of people accessing backcountry areas to ski and snowmobile.  Increased human presence may displace or stress animals during periods when metabolic and thermoregulatory maintenance may be critical. The perpetuation of wolverine populations in the conterminous United States, where wolverine habitat is limited and discontinuous, may depend upon resolving conflicts between human activity and the protection of wolverines in remote mountainous landscapes (Magoun and Copeland 1998). 
Anticipated Products

The products generated from this project will include annual progress reports and a final report including specific recommendations for managing wolverines and their habitat.  We will also prepare and submit publications using the data and information generated from this project to professional, scientific journals and to appropriate popular outlets.

Schedule of Activities


November – December 2000
Finalize plans for data collection, recruit technicians and construct traps on west slope of Tetons

January –April 2001-2005
Trap and monitor wolverines on west slope of Tetons, monitor bait sites in GTNP and the Madison Range, and collect data on winter recreation use on both study areas

May – September 2001-2005
Continue to monitor radio-equipped wolverines and collect data on summer recreation use on both study areas

October – December 2001-2005
Continue to monitor radio-equipped wolverines and collect data on availability of ungulate carcasses on both study areas

January- June 2006
Data analyses and preparation of final report
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