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ABSTRACT: The re-colonization of wolves to the Jackson Hole area raises numerous biological, management, and conservation challenges.  These include understanding how carnivores affect other carnivores as well as prey populations, how the public perceives predation, and what changes occur in animal resources, both within and outside of Grand Teton National Park.  A three year project is proposed to gather data on both (1) the ecology of predator-prey dynamics involving wolves in Grand Teton National Park and (2) on the effects of colonizing wolves on other species within and outside the park, specifically coyotes and pronghorn.  Until wolves become permanent residents within the park, we propose a flexible approach to maximize our understanding of interactions involving predators and prey.  This will be achieved by concentrating on direct effects on wolves on prey when within the park, and potential indirect effects of wolves as well as ancillary predator-prey interactions when wolves are outside the park.   Our strategy enables a focus on a species sensitive to wolves.  These include coyotes, in part because coyotes, like wolves, shape ecosystems and because high densities of coyotes are likely to dramatically affect one of the least known species of ungulates in Jackson Hole -- pronghorn antelope.  Pronghorn populations have decreased substantially (<65%) in the northern portion of the Greater Yellowstone Ecosystem and, other than the fact that they migrate into Grand Teton National Park, little is known about them in the Jackson area.  A fundamental part of the proposed study when wolves are not within GTNP will concentrate on how coyotes affect on pronghorn reproductive success.  We predict a complex series of indirect relationships that involve wolf effects on coyotes, and subsequent cascading effects on other species including pronghorn fawns and sage grouse.   However, direct effects of wolves will also be evaluated (if they are in the park) including predictions about the demography, distribution, and habitat use of key prey species such as elk and moose.  Close cooperation and information brokering with agencies and the public will occur.  This project will be data-driven but updated information will be available to cooperating agencies and interested parties at monthly intervals. 
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BACKGROUND
Wolves were first returned by translocation to Yellowstone National Park in the spring of 1995.  Verified reports of wolves in the Jackson Hole area emerged in winter 1997, and documented kills of elk and moose first occurred in May and October, 1997, respectively.  Beginning in November 1997 and extending into winter, 1998 three packs visited Grand Teton National Park (GTNP) and others areas of Jackson Hole but outside GTNP.  Since then, two to three packs (The Gros Ventre, The Teton, and the Delta packs) have all visited GTNP and areas within Jackson Hole.  As of late April 2001, denning behavior was observed by the Teton Pack the in northeast region (Elk Ranch) of GTNP (M. Reid, NPS-GTNP, pers. comm.).  We expect wolf distribution to expand    Although there are no wolf packs currently residing fulltime within GTNP, and it is unlikely that NPS lands south of Yellowstone National Park per se will entirely support a wolf pack, within Jackson Hole wolves still capture the American and local public, are beginning to play vital ecosystem roles, and .have the capacity to affect natural resource management decisions

The largest biomass of ungulates in North America occur in the Greater Yellowstone Ecosystem, and in both Yellowstone and Grand Teton national parks the same assemblage of carnivores now exists as was present when Europeans first entered this continent.  Current projects designed to provide a scientific basis for managing threatened and endangered species and the ecosystems they depend upon include those on pumas, lynx, grizzly bears, and wolverine.  Much less understood however are the roles played by wolves and coyotes, especially some of the complex but important ecosystem functions they perform.  Recent studies suggest wolves have the capacity to affect calf mortality in elk, moose, and most recently in Yellowstone NP, bison (Smith et al. 2001), and thus have the potential to be important architects that shape the demography, behavior, and prevalence of these ungulate populations.  Where wolves have been locally extinct for up to 75 years, such as in GTNP, moose occur at high densities and reduce both willow communities and the diversity of neotropical songbirds that depend upon them (Berger et al. 2001). What are even less known, however, are the indirect ecosystem-level effects that recolonizing wolves will mediate through interaction with coyotes.  For instance, in the absence of wolves, coyotes are considered both scavengers and predators, and they prey on elk fawns (B. Smith, National Elk Refuge, pers. comm).  Coyotes are also known to exert ecological effects through interference or resource competition with other mesocarnivores such as red foxes (Gese et al. 1996) and lynx (USFS 2000).  Most importantly, in the absence of wolves, high densities of coyotes may affect sensitive prey populations such as sage grouse, a species petitioned to be added to the Endangered Species List, and pronghorn by limiting fawn survival.  In the northern breaches of the Yellowstone ecosystem, for instance, pronghorn populations have been decreasing by as much as 65% (G. Plumb, NSP-YNP; pers. Comm..).  We have already witnessed changes in coyote densities and demography (Crabtree and Sheldon 2000) as a result of current high densities of wolves in the northern part of the Yellowstone ecosystem, and one would expect lagging effects in pronghorn fawn survival in the near future.  Likewise, in the Jackson Hole region (Berger, 1991), we expect both changes in coyote demography and fawn survival with the growing presence of wolves that is anticipated in the Jackson Hole region.  The key, however, to documenting these changes is to immediately establish a baseline of the wolf-coyote-pronghorn interaction - during this critical preliminary stage of ecosystem-level restoration.

As wolves continue to become established in Jackson Hole, major ecological uncertainties and sources of controversy will persist.  What will be the impact of wolves on elk, bison and moose?  Will wolves kill or alter the distribution of coyotes through displacement?  And, if wolves affect coyotes, will there be a change in the productivity of other species, such as red foxes (which are important predators of avian nests), pronghorn, or sage grouse?  Deriving answers to these questions are important for two principal reasons.  First, parks often offer the best of baseline data from which natural resource managers can base decisions for the public.  And, parks are effective conduits for obtaining scientific information that may be unavailable elsewhere.  Second, and at a more specific level, the study of carnivores offers an opportunity to capitalize on a little studied but visually important component of the ungulate fauna of GTNP, pronghorn.  Thus, the goal of this proposal addendum is to outline an expanded study protocol that now incorporates an effort to evaluate coyote-pronghorn, predator-prey interactions and anticipated changes in this relationship as a result of wolf-coyote interaction both within GTNP and in the Jackson Hole region outside of the Park.   In addition, we will describe how this component complements our continued effort to study wolves in and out of GTNP.

This proposal was developed in conjunction with Dr. Joel Berger.  Dr. Berger currently allocates more than 50% of his time to projects associated with GTNP and adjacent areas and will be the primary collaborator.

OBJECTIVES
The objectives fall into two primary areas, and they employ an adaptive strategy that is dependent upon whether wolves occur within or beyond boundaries of National Park Service lands.  The reason for the flexibility is that outside of Yellowstone and Grand Teton national parks, the sole management authority for wolves is the US Fish and Wildlife Service.  Within the parks, however, wolves are co-managed by agreement by both USFWS and NPS.  Thus, the although major thrust of this proposal is to acquire knowledge of predator-prey dynamics involving wolves, this may be accomplished by focusing either on direct or indirect effects of wolves.  

When Wolves Are Outside GTNP (Because management authority of wolves, a federally-listed species, lies entirely with USFWS, the focus is on indirect effects.) 

Determine responses of coyotes and pronghorn to the lack of wolves: 

· fecundity and population biology of coyotes 

· spatial relationships of coyotes to pronghorn

· pronghorn fawn production and survival

When Wolves Are in GTNP (in consultation with USFWS)

Examine predator-prey dynamics involving wolves directly:

· spatial relationships of wolves to prey

· kill rates and carcass utilization 

· selectivity of prey species by sex, age, and condition

· wolf demography 

Determine relationships of other species, including coyotes and pronghorn, in response to the presence wolves: 

· fecundity and population biology of coyotes 

· spatial relationships of coyotes to wolves and pronghorn

· pronghorn fawn production and survival distribution of primary wolf prey elk, moose, bison 

LOGISTICAL CONSIDERATIONS 
Studies of wolves will continue as they currently do.  That is, when in GTNP under the supervision of Mason Reid, GTNP Office of Science and Resource Management, and when outside GTNP, only in conjunction with USFWS wolf recovery coordinator Mike Jimenez.  

RELATIONSHIP BETWEEN PROPOSED RESEARCH AND ON-GOING PROJECTS
The need for a coordinated project with on-going studies and agencies is essential for full integration of new knowledge and data.  Recent projects in Jackson Hole that will have linkages with the proposed carnivore project are as follows (years of study in parentheses).

· Elk Neonatal Mortality and Migration (6), Smith (USFWS)

· Moose Population Dynamics (6+), Berger, University of Nevada

· Patterns and Consequences of Carnivore Expansion (1), Pyare and Berger, Wildlife Conservation Society

· Coyotes in Suburban Areas (2); Anderson, University of Wyoming

· Brucellosis and Bison Ecology/Reproduction (4), Cain, Cunningham, and Berger, National Park Service and University of Nevada

· Puma Predation and Movements (1), Beecham, Hornocker Wildlife Institute

· Lynx and Wolverine Distribution (1), Pyare and Beecham, Wildlife


Conservation Society and Hornocker Wildlife Institute

· Wolf Distribution and Predation (3), Jimenez, USFWS

· Grizzly Bear Distribution and Population Trends (1), Schwartz and Cain, IGBST (BRD) and NPS

Although studies of pronghorn and coyotes have occurred in northwest Wyoming with the previous 5 years, these studies have ended; additionally, they focused on different aspects altogether.  Dr. Stan Anderson and Hal Sawyer (University of Wyoming Cooperative Wildlife Studies Unit, Laramie) have studied spatial patterns of pronghorn migration in western Wyoming, while Stan Anderson and Doug Wacob (Teton Science School) have completed studies of the effects of suburban development on coyote spatial use and activity patterns.  Unlike previous studies, we expect our proposed study to significantly contribute to ecological and demographic understanding of coyotes and pronghorn, hitherto unknown parameters of the Jackson Hole ecosystem.

METHODS 

We have previously outlined protocols for wolves, and hence we focus below on additional methods used to (a) investigate coyote-pronghorn relationships, and (b) assay effects of wolves on this relationship.

Study Areas.  We will focus on sites with both pronghorn and coyotes in areas with obvious wolves and in areas where wolves are only sporadic visitors.  Major sites where our activities will focus are illustrated in Figure 1.  
Pronghorn. Due to public sensitivities about radio-collars on wild animals in national parks, we anticipate dual approaches.  The first involves a non-invasive (that is, non-handling) photo identification index of pronghorn (Byers, 1998).  Pronghorn, like zebras, and lions all vary individually in facial, throat, and chest striping patterns.  By profiling individuals through the development of a reference photo-file, it will be possible to identify individuals and patterns of reproductive performance and survival, as one of us has done previously for other species (Berger, 1986; Berger & Cunningham 1994). 


Pronghorn females invariably give birth to twins, and because of pregnancy rates in excess of 95% (Byers, 1998), it is safe to assume that adult females lacking in fawns may have lost them.  However, little is known of population-variation in pregnancy, so for our purposes we will refrain from the assumption of high pregnancy.  Instead, we will monitor adult females from late June until migration from the Jackson Hole.  Because of the open habitats used by pronghorn, we will identify individuals and then focus on them until we know through continued observation whether they have fawns.  By subsequent tracking of known individuals, it will be possible to know whether fawns continue to associate with mothers once the periods of neonatal hiding is terminated (about 7-10 days; Byers, 1998).  


Although it will not be possible to assign cause of death to those cases when offspring never re-appear, we will develop a mortality schedule based on the chronology of mother-offspring de-association.  And, we shall monitor coyote densities in areas with and without pronghorn, as well as evaluate coyote food habits in areas with and without pronghorn.  To supplement knowledge about causes of fawn disappearance, we will determine relative indices of predator activity in areas where pronghorn are known to be active by collecting recently deposited scat along four, parallel 1-km transects in each of the three study areas.  Transects will be walked approximately bimonthly after snow has disappeared on the valley floor (roughly late April-early May) through September each year of the study.  Scat will identified to species (coyote, red fox, wolf, badger, bobcat), with particular effort directed towards evaluating the dietary presence of pronghorn or sage grouse. 


Finally, in April we re-located 9 radio-collared females (from Hal Sawyer’s prior study) migrating from the town of Daniel (WY) toward Jackson Hole, and we may enlarge the sample of known radio-collared females during subsequent work outside the park.

 Coyotes. Radio-collaring of coyotes will be necessary to evaluate reproductive status, litter sizes, mortality rates, and determine spatial relationships with pronghorn and wolves.  None of these parameters have been documented by previous studies of coyotes in this region, yet such data are crucial to disentangling the dynamics of interspecific relationships involved.   Our plan is to collar 15 animals outside GTNP (adjacent US Forest Service lands, and perhaps on the National Elk Refuge) and 15 within the park.  A professional trapper using padded leg-hold traps and snares will perform the trapping.     Fecundity and mortality will be assayed by initially visiting dens and subsequently observing adult and pup activity near dens. To assay spatial relationships of coyotes, animals will be radio-located twice weekly throughout the year.  Animals determined to be active near pronghorn and/or wolves will be monitored more closely using bi-weekly 3-hr focal animal sampling sessions.
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