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Section 9 of 10. Project description

a. Abstract 

Construction of the Grand Coulee and Chief Joseph dams has resulted in inundation and loss of 29,125 total habitat units for mule deer and irrigation agriculture in many parts the Intermountain Province (IM) of the Columbia Basin. Mule deer in the Shrub-Steppe are ranked high priority target species for mitigation and management and are declining in most portions of the subbasins of the IM. Reasons for the decline are unknown but believed to be related to habitat changes resulting from dams and irrigation agriculture. White-tailed deer are not ranked as target species and are believed to be increasing throughout the basin because of habitat changes brought about by the dams and irrigation agriculture. Recent research (1997-2000) in the NE IM and adjacent Canadian portions of the Columbia Basin (conducted by this author and funded by the Columbia Basin Fish & Wildlife Compensation Program B.C.), suggest that the increasing white-tailed deer populations (because of dams and irrigation agriculture) are resulting in increased predation by cougars on mule deer (apparent competition or alternate prey hypothesis).  The apparent competition hypothesis predicts that as alternate prey (white-tailed deer) densities increase, so do densities of predators, resulting in increased incidental predation on sympatric native prey (mule deer). Apparent competition can result in population declines and even extirpation of native prey in some cases. Such a phenomenon may account for declines of mule deer in the IM and throughout arid and semi-arid West where irrigation agriculture is practiced. We will test the apparent competition hypothesis by conducting a controlled, replicated “press” experiment in 2 treatment and 2 control areas of the IM subbasins by reducing densities of white-tailed deer and observing any changes in cougar predation on mule deer. Deer densities will be monitored by WADFW personnel using annual aerial surveys and/or other trend indices. Predation rates and population growth rates of deer will be determined using radio telemetry. Changes in cougar functional (kills/unit time), aggregative (cougars/unit area), numerical (offspring/cougar), and total (predation rate) responses on deer will also be monitored using radio telemetry. The experiment will be conducted and completed over a period of 5 years. Results will be used to determine the cause and try to halt the mule deer population declines. Results will also guide deer mitigation and management in the IM and throughout the North American West. 

b. Technical and/or scientific background

Construction of the Grand Coulee and Chief Joseph dams has resulted in inundation and loss of 29,125 total habitat units for mule deer and irrigation agriculture in many parts of the Intermountain Province (IM) of the Columbia basin. Mule deer are ranked as a high priority target species for mitigation in Shrub-Steppe habitat types in the Upper Columbia Subbasin because of this loss and because blockage of anadromous fish has shifted tribal subsistence towards mule deer (Fish and Wildlife Program 1995, 2000). Mule deer are the top-ranked large mammal species and are currently declining throughout the Lake Roosevelt (Underwood 2000), Lake Rufus Woods (LeClaire 2000), San Poil River (Jones 2000), and Spokane River (Whalen 2000) Subbasins of the IM.  Reasons for the declines in the IM are unknown but believed to be related to anthropogenic habitat disturbances such as irrigation agriculture accompanied by increased alternate prey (white-tailed deer) and subsequent increased predation. This follows the same pattern as observed for mule deer declines throughout the arid and semi-arid western US where habitat changes and predation (mostly by cougars) have been identified as the leading causes of declines (Bleich and Taylor 1998, Crete and Daigle 1999). At the same time, white-tailed deer appear to be stable and/or increasing throughout the subbasins and the arid and semi-arid western US (Crete and Daigle 1999), probably because of increased suitable habitat resulting from the inundation and associated irrigation. Irrigation agriculture has resulted in production of highly digestible forage, increased cover, and water (e.g., alfalpha, clover, and timothy hayfields; vegetable and cereal crops; fruit orchards; hybrid poplar plantations; cottonwood stands; irrigation canals; livestock watering ponds; etc) necessary for whitetails to thrive. White-tailed deer are typically not present in native shrub-steppe and dry Ponderosa pine forests  but invade and increase in those arid and semi-arid western regions following irrigation agriculture (Anthony and Smith 1977, Swenson et al. 1983, Wood et al. 1989, Gerlach et al. 1994, McShea et al. 1997, Mackie et al. 1998). These habitat changes and deer species shifts appear to be occurring  in the IM. 

Concurrent decreases in mule deer and increases in sympatric white-tailed deer populations appear inexplicable at first, since population growth is believed to be determined by the same environmental stochastic effects for both (Gaillard et al. 1998). Recent research by Robinson and Wielgus (2000) may shed light on the interrelationships between simultaneous increasing white-tailed deer populations and declining mule deer in the IM and elsewhere. The Columbia Basin Fish & Wildlife Compensation Program in British Columbia contracted Wielgus to determine if mule deer were declining and the possible cause of the decline if any. Working in the NE IM and adjacent Canadian portions of the Columbia Basin, Robinson and Wielgus (2000) found that mule deer populations were decreasing at a finite rate of growth of R = 0.78 (declining at 22%/year) from 1997-2000. During the same time, sympatric white-tailed deer were increasing at R = 1.08. White-tailed deer were approximately 3 times as numerous or dense as mule deer in the study area, so intraspecific density dependent effects seemed an unlikely cause for the mule deer decline.  Furthermore, both species were reduced far below carrying capacity (K) during the severe winter of 1996/97, also suggesting that intraspecific density dependence was not causal. 

Interspecific competition, like intraspecific competition, should manifest first and most strongly in reproduction for these species (Gaillard et al. 1998). Scramble competition should effect reproduction and recruitment for both species equally, and mule deer are dominant in contest competition (Anthony and Smith 1977, Wood et al. 1989). Reproductive rates were very similar for both species, suggesting that interspecific density dependence or competition was not causal.  Differences in survival of fawns and adult females were the primary reason for differences in growth rate, and predation by cougars comprised the majority of mortalities. Fawn recruitment to 1 year of age was 56 fawns/100 does for white-tailed deer and 38 fawns/100 does for mule deer. Adult female survival was 0.89 for white-tailed deer and 0.65 for mule deer. Predation accounted for 29% of white-tailed deer mortalities and 56% of mule deer mortalities. These results are consistent with and suggest that apparent competition (or alternate prey hypothesis) may be occurring in the NE IM area and perhaps throughout the IM. 

The apparent competition hypothesis (Holt 1977, Holt and Lawton 1994, Holt et al. 1994, Abrams et al. 1998) predicts that invasion by primary or alternate prey (e.g., white-tailed deer) should result in increased numbers of predators and subsequent increased predation on secondary prey (e.g., mule deer) if 1.) the intrinsic rate of growth of the primary prey is higher than that of the secondary prey and/or if 2.) the predator functional or aggregative responses are different for the 2 species. Both conditions should result in inversely density dependent predation on the secondary prey (Pech et al. 1995, Wehausen 1996, Sweitzer et al. 1997, Sinclair et al. 1998,) and both conditions hold in large mammal predator/prey systems such as moose, wolves, and caribou (Dale et al. 1994, Messier 1994).  

“Press” experiments, whereby alternate prey densities are manipulated in a time series, are the only rigorous means to test for apparent competition  (Pech et al.1995, Schimdt and Whelan 1998). One-time “perturbation” experiments (density reduction in a single year) are subject to unknown, confounding, temporal effects. Similarly, a perturbation or press experiment in only 1 geographic location or treatment area is subject to unknown, confounding geographical effects. To our knowledge, a press experiment has never been conducted on North American large mammals. The only large mammal press experiment that I could find was conducted by Corbett (1995) on feral pigs, feral swamp buffalo, and dingos in Australia. 

Although not yet experimentally verified using press experiments for large North American mammals, the apparent competition hypothesis is consistent with moose invasion and caribou declines throughout North America (Bergerud and Elliot 1986, Seip 1992, Messier 1995). More recently, Katnik and Wielgus (2000) proposed apparent competition from white-tailed and cougars as the cause for near extirpation of endangered mountain caribou in NE WA and southern British Columbia. Somewhat surprisingly, no one has considered or proposed the apparent competition hypothesis as a possible explanation for widespread mule deer declines in North America despite apparent increases in white-tailed deer and predators (Crete and Daigle 1999). We propose to test the apparent competition hypothesis in the IM Province of the Columbia Basin using controlled and replicated “press” experiments on white-tailed deer to determine if this is causing mule deer population declines in the region. 

c. Rationale and significance to Regional Programs

This proposed project contributes to all of the wildlife goals, objectives, and strategies listed in subbasin summaries for Lake Roosevelt, Lake Rufus Woods, San Poil River, and Spokane River. The main goal in all subbasin plans is to maintain and manage viable populations of native wildlife species to provide harvest opportunities to meet cultural, subsistence, and recreational needs. Failure to halt the current mule deer population declines will certainly fail to achieve this goal since mule deer are the primary harvestable native wildlife species in the IM. At current estimated rates of decline (estimated at 22%/year in the NE IM) mule deer populations will probably be unharvestable within a decade. Robinson and Wielgus (2000), using current mortality and fecundity rates based on radio telemetry and abundances based on aerial population surveys, determined that the estimated current 350 adult females in the south Salmo River region of adjacent B.C. have a 99% probability of declining to less than 30 animals within the next 15 years. 

It is not known if the numbers are as dire throughout the entire IM but preliminary trend data are bad enough to have justified a cooperative (WDFW, Colville Confederated Tribes, Inland Northwest Wildlife Council, and US Forest Service) 5-year, $500,000 mule deer study in the IM to determine rates and causes of decline in the Lake Roosevelt Subbasin (Underwood 2000). This proposal is an integral part of the Cooperative Mule Deer Study and was requested and suggested to us by the WDFW in order to bring in the Columbia Basin Fish and Wildlife Foundation as a partner in our attempt to halt the declines and maintain viable, harvestable populations of mule deer to meet agency and tribal goals. 

This proposed project offers the novel approach of being the first rigorous test of the apparent competition hypothesis in large mammals in North America. Prior to our being invited to submit this proposal by the agencies of the Cooperative Mule Deer Study, the effects of cougar predation were only going to be studied indirectly (examination of mule deer mortalities). Cougars themselves were not going to be radio collared and monitored. Effects of white-tailed deer and the apparent competition hypothesis were not going to be studied at all. Our approach, combined with tests of competing hypotheses (food limitation, reduced reproduction, low recruitment due to coyotes) conducted by the Cooperative Mule Deer Study, will allow an unambiguous test for causation of mule deer population declines in the Columbia basin. Our results could also be used to address causes of widespread mule deer population declines throughout western North America.

d. Relationships to other projects 

 This proposed research is an important and integral component of : 1.) Project ID: 21029 “A cooperative approach to identifying the role of forage quality in affecting physical condition… of mule deer in north central Washington and 2.) the Cooperative Mule Deer Study being conducted in the Lake Roosevelt Subbasin by the WDFW, Colville Confederated Tribes, Inland Northwest Wildlife Council, and USFS (Underwood 2000). Project 21029 and the Cooperative Mule Deer Study will capture and radio collar mule deer to determine habitat use, food habits, food limitation, and population dynamics in the same 2 experimental areas (Kettle Falls and Republic WA) as this study. These 2 areas will provide our experimental replicates, with 1 treatment and control in each area. Our project will examine the cougar and white-tailed deer components.  The projects are simultaneous, synergistic, and complimentary, with fieldwork beginning in Jan 2001 and ending in May 2005 (project completion in Dec 2005).  

e. Project history
 (for ongoing projects) 

N/A: This is a new project.

f. Proposal objectives, tasks and methods

The overall objective of this project and the associated Cooperative Mule Deer Study is to determine the cause(s) of mule deer population declines in the IM and to recover and maintain mule deer in the IM to viable, harvestable numbers. The specific objective of this project is to test the effects of irrigation agriculture and related apparent competition with white tailed deer as a potential cause of the mule deer population declines. The task to accomplish this objective is to conduct research over a 5-year period. The methods to conduct this research follow.

Methods

Overall Experimental Approach

The WADFW will capture, radio collar, and monitor approximately 200 adult and 200 fawn mule deer for habitat use, reproduction, and cause-specific mortality in 2 replicate study areas (100 animals in each area) of the IM beginning in winter 2000/2001. Both replicate study areas have seen dramatic increases in white-tailed deer following implementation of irrigation agriculture and both have also seen significant decreases in mule deer (Woody Myers, WADFW, pers. comm.). The 2 replicate study areas will be centered on: 1) 4 major mule deer and white-tailed deer winter ranges near Republic WA and 2) 4 major mule deer and white-tailed deer winter ranges near Kettle Falls WA (Fig. 1). Both areas contain a mixture of croplands, shrub-steppe, and forest/shrub and include parts of the Colville National Forest (Fig. 1). The replicate study areas are separated by about 50 km (the cougar maximum home range dimension in NE WA: 30-50 km, Katnik and Wielgus 2000) and are bisected by the Kettle River Mountain Range (elev = approx 7,000 ft).  Few, if any cougars are expected to cross from 1 study area to the other because of the distances and elevations involved. Each replicate study area is approximately 2,500 km2, and is based on distribution of the deer winter ranges.           
Each 50 * 50 km or 2,500 km2  replicate study area will receive a treatment and control (Fig. 2). Treatments will be “press” reductions of white-tailed deer densities in 2 of the 4 wintering areas, authorized and facilitated by the WADFW. Treatments will be randomly selected as either the north or south paired wintering areas. Controls will be the adjacent 2 normal, higher density white-tailed deer wintering areas. Treatments will be accomplished by WADFW by implementing a general open season or by other means as necessary (Woody Myers, WADFW, pers. comm.). The target is to reduce treatment white-tailed deer densities in either the north or south treatment areas to about half of that in the controls– in order to obtain a large treatment effect. Open seasons will extend until the target is achieved. If sport hunting is insufficient to reduce densities to one half of that in controls, personnel from the WADFW will cull deer on the treatment winter ranges areas. Treatments will be conducted in years 3 and 4 of the experiment.  

The mule deer will be monitored by WADFW and other agents of the Cooperative Mule Deer Study for mortality, reproduction, recruitment, and density using a combination of weekly aerial telemetry, daily ground telemetry, and seasonal and annual aerial surveys. Details for obtaining estimates of vital rates from telemetry data are given in Wielgus and Bunnell (1994a, 1995, 2000) and Robinson and Wielgus (2000). Details for estimating population growth from vital rates are given in Wielgus (2000),Wielgus et al. (2000a), and Robinson and Wielgus (2000). Densities of mule deer and white-tailed deer in treatment and control areas will be determined using seasonal and annual aerial surveys. Details on aerial survey techniques for deer in NE WA are given in Unsworth et al. (1994) and Robinson and Wielgus (2000).  

Tests of other competing hypotheses (mule deer habitat use, food habits, food limitation, and associated low reproduction or low fawn survival due to coyotes) will be conducted by other Principal Investigators (PI’s) of the Cooperative Mule Deer Study. Their research will also be conducted in our 2 replicate study areas (Kettle Falls and Republic WA). Other PI’s include Woody Myers, Wildlife Biologist for WADFW, Spokane WA., Dr. E. O. Garton, Professor of Wildlife Ecology, College of Forestry Wildlife, & Range at the University of Idaho, and Dr. L. Shipley, Assistant Professor of Wildlife Ecology in the Department of Natural Resource Sciences, Washington State University. Details on their experimental approaches can be obtained (if needed) from the Project Head & Coordinator: Woody Myers. Detail on methods for our test of the apparent competition hypothesis follows.

Detailed Experimental Methods

Experimental Layout 

Distribution of cougars relative to treatment and controls: We will capture, radio collar, and monitor all resident cougars in each 50 * 50 km (2,500 km2) study area (approximately 20 cougars in each replicate study area for a total of about 40 cougars) by saturation capturing (Logan et al. 1996, Spreadbury et al. 1996). Each replicate study area is initially expected to hold about 20 cougars based on average densities (Ross and Jalkotzy 1992, Spreadbury et al. 1996, Logan et al. 1996). For example: Katnik and Wielgus (2000) captured 21 cougars in a similar 50 * 50 km (2,500 km2) trapping area in NE WA. That is also about the limit that can be monitored effectively in this type of investigation and is consistent with 21 cats captured and collared in my other cougar study area in adjacent NE WA. Those 21 cougars (15 females and 6 males) were captured in the same 2,500 km2 capture area and covered an 8,372 km2 total area. Individual home ranges for cougars in that area averaged 969 km2 for males (about 31 * 31 km) and 731 km2 (about 27* 27 km) for females (Katnik and Wielgus 2000). In other areas (Utah, Idaho, British Columbia, Nevada) male and female cougar home ranges averaged 650 km2 and 371 km2 respectively (Hemker et al. 1984). 

Recent research indicates that cougar density (aggregative response) is primarily determined by prey density, not territorial social behavior, and that cougars will shift their home ranges and habitat use to areas of higher prey density (Pierce et al. 2000). The large individual home ranges and movements to areas of high prey density will ensure that all cougars can sample and shift their habitat use from treatment to control areas at will (see Fig. 3). 

Distribution of deer relative to treatments and controls:

Mean seasonal (winter, summer) home range size for mule and white-tailed deer is about 2-3 km2 (Tierson et al. 1985, Wood et al. 1989, Kofield 1989). Deer migrate about 20 km between their traditional summer and winter ranges (Tierson et al. 1985, Woody Myers pers comm.). We will capture and radio monitor about 50 adults and 50 fawns in each treatment and control (N = 200). Both white-tailed deer and mule deer exhibit matrilineal clan behavior, family sharing of home ranges, and strong fidelity to the home range. Brown (1992) found that 100% of females and 92% of males used the same seasonal home ranges year after year. The only major opportunity for deer to move from our controls to treatments is via yearling emigration. Hamlin and Mackie (1989), however, found that 84% of yearling females remained in the natal home range as adults. Emigration by females out of the natal home range is rare and occurs mostly only at very high densities (Mackie et al. 1998). Densities in our study areas are nowhere near carrying capacity following the very severe winter and population declines of 1997/1998. Yearling males typically disperse out of the natal area but suffer very high mortality while doing so (Mackie et al. 1998).  We do not expect to see significant emigration out of our control areas and immigration into our treatment areas because of these behaviors. Annual “press” reductions in Nov and Dec in treatment areas (after deer have moved to winter ranges) will keep densities down even in the unlikely event of significant immigration. 

Tests of Hypotheses

Five tests or predictions for the apparent competition hypothesis will be conducted on the 1.) predator aggregative response (predators/unit area), 2.) predator functional response (kills/predator/unit time), 3.) predator numerical response (offspring/female predator), 4.)  predation rate of mule deer) , and 5.) predator and prey growth rates. These 5 components are all important for understanding the effects of alternate prey (white-tailed deer) density on cougar-mule deer interactions.  

Cougar Aggregative Response: The apparent competition hypothesis predicts that reduced densities of primary prey (white-tailed deer) will result in a decreased aggregative response by cougars in the treatment areas and a corresponding increased aggregative response in adjacent control areas. Independent experimental units for this test will be both individual cougars (N= 20) in each replicate study area and the replicate study areas themselves (N=2). 

This test will be accomplished by capturing and radio-monitoring all cougars within the treatment and control areas (Ross and Jalkotzy 1992, Lindzey et al. 1994, Wielgus and Bunnell 1994a,b, Wielgus et al. 1994, Katnik and Wielgus 2000). Intensive capturing and monitoring will be conducted on an annual basis for each of the treatment and control areas. Similar efforts at capturing (e.g., same effort in same location) and monitoring (same effort) will be conducted each year for each treatment and control to ensure that any differences in aggregative response are not an artifact of different capture and monitoring effort. Cougars will be captured using professional guides and their tracking hounds (Hornocker 1970, Ross and Jalkotsey 1992, Lindsey et al. 1994, Katnik and Wielgus 2000). 

Individual cougars as experimental units: We will use the methods of Wielgus and Bunnell (1995, 2000) and Wielgus et al. (2000a, b), which tested for aggregative responses of individual grizzly bears, to test for differences and changes in individual cougar aggregative response. Wielgus and Bunnell (1995, 2000) and Wielgus et al. (2000a, b) found that grizzly bears showed a pronounced aggregative response to treatments within 1 year of imposition of treatments. We expect a similar response here. Cougars will be independent experimental units because all cougars used in this test will have independent access to both treatment and control areas within their home ranges. Home ranges and habitat use will be determined using weekly aerial telemetry augmented by ground telemetry if possible. Home range location, size, and habitat use will be determined using program KERNELHR (Seaman et al. 1998). We will monitor any shifts in individual cougar home ranges and habitat use to determine if cougars spend more time in control areas after treatments are imposed. This proportional aggregative response for each cougar will be estimated by summing the number of radiolocations obtained for each cougar in the treatment and controls, calculating the proportion in each, and analyzing the arc-sine transformed proportions with block design factorial ANOVA (Wielgus and Bunnell 1995). Experimental units will be cougars, blocks will be replicate study areas, and factors will be: 1.) treatment and control areas and 2.) years (2 years pre-treatment and 2 years post-treatment). A significant area by year interaction will indicate that aggregative response is affected by the treatment, not just unknown area (geographic) and year (temporal) effects. See Fig. 4 for the conceptual ANOVA design.    

A formal power analysis could not be conducted for this test because similar tests on cougars have never been conducted and we have no estimate of their variance. However, based on work on other species, the sample size of N = 20 for each replicate study area (Ntotal = 40) should be more than sufficient to test for ecologically significant effect sizes in use of treatments and controls. Wielgus and Bunnell (1995, 2000) using the same method for aggregative response of grizzly bears in 2 replicate study areas detected statistically significant differences in use of treatments and controls at P < 0.01  with N = 18 and N = 13. This sample size (N = 20) is also the upper limit for effective monitoring of habitat use or aggregative response for large, wide-ranging carnivores (Wielgus and Bunnell 1995, 2000, Katnik and Wielgus 2000).    

Differential habitat use could also be due in part to differences in cougar home ranges because of territoriality. We will therefore test for individual cougar selection of treatment and control areas, not just differential use of these areas, using type 2 (within study area) and type 3 (within home range) use/availability analyses. This method will compare “used” radio telemetry frequency data vs. “available” frequency data in treatments and controls using multivariate log-linear models (Wielgus and Bunnell 1995, 2000, Wielgus et al. 2000a, b). As with ANOVA models, a significant usage (use vs. availability) by area (treatment area, control area) by year (pre-treatment, post-treatment)  interaction indicates that habitat selection is contingent on treatments, not just unknown area (geographic) and year (temporal) effects. As with ANOVA, Wielgus and Bunnell (1995) detected statistically significant results (P < 0.05) using this test for grizzly bears in 2 replicate study areas at N = 18 and N = 13.   

Replicate treatment and control areas as experimental units: We will also use the supplementary methods of Wielgus and Bunnell (2000), which tested for aggregative responses of grizzly bear populations, to test for differences and changes in cougar population aggregative response. In this case, treatments and controls will be independent experimental units. We will sum proportional habitat use frequencies of cougars by year for both the treatments and controls and analyze these frequencies using log-linear models (Wielgus and Bunnell 2000). An area (treatment vs. control) by year (2 yrs pre-treatment vs. 2 yrs post treatment) interaction will indicate that cougar frequencies (aggregative response) are contingent on treatment effects not just unknown differences in either areas or years. Wielgus and Bunnell (2000) obtained statistically significant results (P = 0.03) using this test with N = 23 and N  = 27 (Ntotal = 50) in 2 replicate study areas. Relationships between cougar population aggregative response and prey densities will also be examined using regression (I expect 16 predator and prey density values – 4 years in each of  4 treatments and controls). We will regress the annual cougar population aggregative response (total density or sum of individual proportional aggregative responses) against prey density, and test for a slope significantly different from zero. Sample sizes of N = 16 should be adequate to prevent model over fitting and sufficient power (Tabachnick and Fidel 1983).   

In both cases (individual cougars and treatment and control areas as experimental units), potential confounding factors such as removal of resident cougars via sport hunting will be strictly controlled and/or eliminated in the study areas by the WADFW and Colville Confederated Tribes. The effects of sport hunting of cougars on predation of mule deer, caribou, and white-tailed deer is currently being examined by this author in my adjacent NE WA study area (Katnik and Wielgus 2000). 

Cougar Functional Response: The apparent competition hypothesis predicts that reduced densities of primary prey (white-tailed deer) will result in a decreased functional response because of reduced numbers of prey.  Changes in prey density are typically immediately reflected in functional response (Caughley and Sinclair 1994). This test will be accomplished by daily radiomonitoring and back-track, snow tracking of focal cougars during the winter period (Hornocker 1970, Ackerman 1986, Ross and Jalkotzey 1992, Nowak 1999). This is the only reliable method known to obtain functional response data for cougars. The first focal animal will be chosen randomly for snow tracking, and subsequent animals will be chosen systematically based on relative order of capture. This will ensure that all animals are sampled in an unbiased manner. Individual animals will be back-tracked from a recent radiolocation point to their previous known radiolocation point (typically 7 days prior) using snowmobiles and skis.  All kills for the 7 day span should be discovered via evidence in the snow. Species, sex, and estimated biomass will be determined for each kill. Determination of the winter functional response alone will be adequate to test this hypothesis. Summer functional response cannot likely be obtained because of lack of snow. However, predation rate of mule deer will be obtained on both a seasonal (summer and winter) and annual basis (see predation rate below) rendering lack of summer functional response immaterial to this test. As with aggregative response, experimental units will be individual animals. 

Previous research has indicated that cougars average about 1 deer kill every 7-14 days (Hornocker 1970, Ackerman 1986, Beier et al. 1995, Ross and Jalkotzey 1992, Nowak 1999) depending on sex and number of accompanying young. One treatment and 1 matched (same sex and age) control animal will be monitored consecutively until 2 kills are recorded (similar to Ross and Jalkotzey 1992, Nowak 1999). This sampling method will ensure that 1 time series (days between kills or kills/unit time) will be obtained for each focal cougar during each sampling bout. This sequence will then be repeated for subsequent pairs of focal animals until all accessible cougars are monitored. 

Tests for differences in functional response (kills/day and/or biomass consumed/day) between treatments and controls will use block design factorial ANOVA with individual animals as experimental units, replicate study areas as blocks, and areas (treatments  and controls) and years (2 yrs pre-treatment and 2 yrs post-treatment) as factors. A significant area by year interaction will indicate a significant treatment effect, whereas significant area effects and year effects only would indicate differences between areas and between years. Assuming N = 20 cougars and a minimum functional response of about 1 kill/2 weeks in each replicate study area, we expect about 10 functional response data points for each replicate study area/year during a 20 week winter. This yields 1 functional response per cougar over each 2 year period (pre and post treatment) and assures unbiased, independent data. That yields about N = 80 over the entire 4 year period – a sample size more than adequate to test for ecologically significant effect sizes (see aggregative response above). Other potential confounding factors including sex, age of cougar (experience), number and age of offspring, and Julian date (season) will be controlled for using ANCOVA. For examples of use of ANCOVA to control for confounding factors in large carnivore studies see Wielgus and Bunnell (2000). 

Relationships between functional response and prey densities will also be examined using ANCOVA. For this analysis experimental units will also be individual cougars. One functional response from each cougar (N = 20) for 2 areas (2 areas * 20 animals = 40) for 2 periods (pre and post treatment) = 80 functional responses will be regressed on prey density (16 density points). These data should be independent with respect to the hypothesis being tested (e.g., treatment effects) since cougars can wander at will (e.g., same as aggregative response). Block, year, and areas will be factors because different blocks (e.g., terrain) different areas (e.g., % cover) and different years (e.g., snow depth) could affect and confound the functional response – density will be the covariate. 

Cougar Numerical Response: The apparent competition hypothesis predicts that reduced densities of primary prey (white-tailed deer) will result in a decreased numerical response for females in treatment areas because of decreased numbers of prey and functional response. Changes in numerical response followed imposition of treatments within 1-2 years in grizzly bears (Wielgus and Bunnell 1994, 2000, Wielgus et al. 2000, Swenson et al. 1997, 1999). We expect similar and even more rapid responses in cougars because of their shorter birth intervals (1.5 yrs vs. 2-3 yrs). This test will be accomplished by intensive radiomonitoring and snow tracking of females and offspring. Once females remain in and return to a possible birth site (den), the site will be investigated without hounds, or if needed, with younger, unaggressive, and extremely well restrained hounds (to ensure that dogs cannot harm cubs). Production of young will be determined by litter size. Survival of young to 15-18 months (normal age at separation; Ross and Jalotkzy 1992) will be determined by periodic observation of litter size (snow-tracking) and weekly radiotelemetry. Cause of death of offspring will determined by examining the carcass (if possible) and by backtracking from the death site. Even if cause of death cannot be determined these tests of hypotheses can still be conducted, however, the exact mechanism influencing reduced survival of young may have to be inferred rather than documented. Such inferences should not adversely affect the tests of hypotheses (Wielgus and Bunnell 1995, 2000, Wielgus et al. 2000a, Swenson et al. 1997, 1999). 

Recruitment rate will be the product of neonatal litter size and survival (Akcacaya 1998). Increased neonatal mean litter size can be an artefact of increased mortality of smaller litters (Wielgus unpubl data) so both litter size and survival must be examined together to arrive at recruitment rate. Litter sizes and recruitment rates will be compared between treatments and controls using black design factorial ANOVA – same as for aggregative and functional responses. A significant area by year interaction indicates differences due to treatments not just differences in areas or years. Survival rates will be estimated and compared using programs MICROMORT (Heisey and Fuller 1985) and SURVIVAL (Systat 1997). Possible confounding factors that may influence production, survival, and recruitment of young include age (experience) of mothers and the female numerical response (prey or biomass consumed/unit time). These will be controlled for using ANCOVA (similar to Wielgus and Bunnell 2000). Relationships between recruitment and prey densities will also be examined using ANCOVA – same as for aggregative and functional responses. Wielgus and Bunnell (1994, 2000) obtained statistically significant differences in numerical response (litter size) of grizzly bears after imposition of treatments at P < 0.05 at N = 5 and N = 10. Swenson et al. (1997) obtained statistically significant differences in survival of young after imposition of treatments at P = 0.0004 at Ntotal = 74. Based on the above, sample sizes to test for differences in production and survival of young should be adequate assuming a 50/50 sex ratio and 20 females (N pre-treatment = 20, N post-treatment = 20) and their offspring (20 * 2 offspring each * 2 birth intervals = 80 young).  

Predation Rate of Deer: The apparent competition hypothesis predicts that reduced densities of primary prey (white-tailed deer) should result in reduced predation rate of mule deer. It also predicts that predation rate of mule deer should be density dependent on numbers of white-tailed deer and density independent or inversely density dependent on numbers of mule deer. These tests will be accomplished by intensive radio monitoring of mule deer mortality and by estimating deer numbers and density via aerial surveys in the treatment and control areas. Unlike the 3 previous predator responses, experimental units for these tests will be the 2 treatment areas and the 2 paired control areas. Predation and survival rates will be estimated and compared between treatments and controls using Programs MICROMORT (Heisey and Fuller 1985) and SURVIVAL (SYSTAT 1997). 

The sub sample size to estimate predation rate for each treatment and control will be about 50 adults and 50 fawns in each treatment and control area – the recommended sample size needed for high precision estimates of mortality or survival for 1 year (40-50 animals, Pollock et al 1989). Other researchers successfully tested for yearly changes in mule deer mortality by monitoring 15-43 (McCorquodale (1999) and 20-48 animals (Bleich and Taylor 1998).  We conducted a power analysis for the highly conservative binomial Z-test (using Zar 1984 pp399) and found that we need 39 animals to detect a 0.10 effect size difference in survival (from 0.90 to 0.80) for any 1 year at  alpha = 0.10 and beta = 0.25. We need 49 animals to detect an effect size of  0.10 difference in survival (from 0.80 to 0.70) for any 1 year at alpha = 0.10 and beta = 0.30. 

Using Heisey and Fuller’s (1985) method, we will obtain about 12,410 radio days/year for each age class (50 animals * 68% annual survival rate * 365 days/yr) based on the estimated annual survival rate of 0.68/year for mule deer in the NE IM (Robinson and Wielgus 2000). That yields about 55,845 radio days (12,410 * 4.5 years) for each age class (adults, fawns) in each treatment and control over the 4.5 year-long study. Robinson and Wielgus (2000) detected effect size differences in survival of  0.32 (from 0.95 to 0.62) at P = 0.011 with sub sample sizes of 19 and 20 deer and 4603 and 7182 radio days) for 1997; and 0.32 (from 1.00 to 0.68) at P = 0.006 with sub sample sizes of 22 and 26 animals and 4741 and 7276 radio days for 1998. They detected a mean annual effect size difference of  0.18 in deer survival (from 0.86 to 0.68) at P = 0.007 with a sample size of 28 and 43 animals or 20,058 and 25,557 radio days for the span 1997-2000. These sub samples are about half of what we expect to obtain in this study but still showed statistically significant effects because of the very large effect sizes occurring in the IM  region. The proposed sample sizes in this study should be more than adequate to detect ecologically significant changes in survival even at effect sizes of 0.10.  Relationships between predation rates and prey densities will also be examined using regression. We will plot the 16 annual predation rates (4 years * 2 treatment areas + 4 years * 2 control areas) against the 16 annual deer densities and conduct a regression analysis to determine if mule deer predation rates are density dependent on white-tailed deer densities and density independent or inversely density dependent on mule deer densities. 

Mule Deer and Cougar Population Growth: Differences in population growth rates and population persistence between treatment and control animals will be analyzed using age/stage matrix models such as ULM Unified Life Models (Wielgus et al. 2000a) or RAMAS GIS (Akcakaya 1998, Wielgus 2000). 

Time Schedule: Mule deer and cougars will be captured beginning winter 2000/2001. Radio monitoring and snow tracking for aggregative, functional, numerical, and total response will begin in Jan 2001. During the first 2 years (2001-2002) no treatments will be imposed to allow us to obtain comparative background data on cougar and deer distribution, as well as pre-treatment aggregative, functional, numerical, and total responses. Treatments will be imposed during the 3rd and  4th years. We expect to collect data for a total of 4.5 years, ending on May 1, 2005. The remainder of the fifth year (May-Dec) is for final data analyses and reports. The project is expected to last for a total of 5 years (Jan 2001-Dec 2005). 

g. Facilities and equipment

Laboratory

Large Carnivore Conservation Lab, WSU campus, Johnson Hall. Assigned to R Wielgus. This GIS and computing lab is a fully equipped, state of the art facility for exclusive use by R. Wielgus. See Computer facilities below.

Clinical

Wildlife veterinarians and immobilization equipment to capture and collar cougars are available on-site and will be provided by the WA Dept. of Fish & Wildlife. 

Computer

Computers in my GIS lab include 1 dual Pentium II 333 MHz NT workstation with 256 Meg RAM.  The station runs full implementation of ARC/INFO and Arcview with Spatial and Network Analyst. The lab also includes two Pentium II 300 MHz and one 266 MHz workstations running statistical and modeling applications connected via Ethernet to the GIS workstation. Laptops will have network connections with the lab via modem when off campus. 
Office

Fully equipped (computer, phone, fax, internet, etc.) offices for the P.I. and grad students are available at both WSU, Johnson Hall and near-site at USFS Sullivan Lake Ranger Station (Colville National Forest). 

Other

Accommodations for the grad students, research assistants, and P.I.(large trailers, bunkhouses equipped with kitchens, bedrooms etc) are expected to be made available by the USFS Colville National Forest (same as provided to me at the Sullivan Lake Ranger Station). 

Major Equipment

4*4 vehicles for fieldwork are already available.  
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Table 1.  Hypothesized aggregative response (mean % radiolocations) of cougars in deer treatment and control areas. 

	Block
	Area
	Year

	
	
	2002 

(pre-treatment)
	2003

(pre-treatment)
	2004

(treatment)
	2005

(treatment)

	Republic
	Treatment
	70
	81
	40
	29

	
	Control
	43
	56
	75
	82

	Kettle Falls
	Treatment
	34
	22
	20
	10

	
	Control
	68
	52
	71
	66


Figure 4. Hypothesized aggregative response (mean % radiolocations) of cougars in deer treatment and control areas of Republic Block.

Section 10 of 10. Key personnel

Principal Investigator: Dr. Robert B. Wielgus, Assistant Professor of Wildlife Ecology and Director of the Large Carnivore Conservation Lab in the Department of Natural Resource Sciences at Washington State University, Pullman, WA., 99164-6410. Email wielgus@wsu.edu. 0.17 FTE or 2 mo. 

Dr. Wielgus will supervise the project.  He is a quantitative population and habitat ecologist, specializing in conservation biology of threatened and sensitive carnivores (grizzly bears, cougars) and their prey (mountain caribou, mule deer, white- tailed deer). He is currently supervising 4 graduate students on another large-scale, cooperative (Columbia Basin F&W Compensation Program, WDFW, USFS, USFW, BCMOE) cougar, caribou, mule deer, and white-tailed deer field experiment in NE WA. He has extensive recent experience studying cougar and deer predator-prey systems and a cadre of field-experienced graduate students. 

EDUCATION

B.Sc. in Environmental Sciences (1981), Brandon Univ., Brandon, Manitoba, Canada.

M.Sc. in Wildlife Resources (1986), University of Idaho, Moscow, ID, USA.

Ph.D. in Forest Sciences (1993), Univ. of British Columbia, Vancouver, BC, Canada.

Post-Doctoral Research Associate (1995), Lab D’Ecologie, Centre Nationale Recherche de Scientifique, Universite Pierre et Marie Curie, Paris, France. 

Post-Doctoral Research Assoc. & Sessional Lecturer (1997), Centre for Applied Conservation Biology, Faculty of  Forestry, University of British Columbia, BC. Canada. 

OTHER PROFESSIONAL EXPERIENCE

Wildlife Biologist and Wildlife Technician for the Alberta Fish & Wildlife Division and Canadian Wildlife Service. Conducted field research and produced agency publications for large mammal (grizzly bears, elk) research program in Alberta. 1982-1986

Wildlife Technician for the Manitoba Dept. of Renewable Resources, Wildlife Branch. Conducted field research and produced agency publications for large mammal (moose, woodland caribou) research program in Manitoba. 1979-1982

5  REPRESENTATIVE  PUBLICATIONS

Wielgus, R.B., F. Sarrazin, R. Ferriere, and J. Clobert. 2000. Estimating effects of adult male mortality on grizzly bear population growth and persistence using matrix models. Biological Conservation. In Press.

Wielgus, R.B., and F.L. Bunnell. 2000.  Possible negative effects of adult male mortality on female grizzly bear reproduction. Biological Conservation. 93:145-154.

Wielgus, R.B., and F.L. Bunnell.  1995. Tests of hypotheses for sexual segregation in grizzly bears. Journal of Wildlife Management. 59: 552-560.

Wielgus, R.B., and F.L. Bunnell. 1994. Sexual segregation and female grizzly bear avoidance of males. Journal of Wildlife Management. 58:405-413.

 Wielgus, R.B., F.L. Bunnell, W. L. Wakkinen, and P. E. Zager. 1994. Population dynamics of Selkirk Mountain grizzly bears. Journal of Wildlife Management. 58:266-272.
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Figure 3. Schematic of Republic study area showing how cougars have access to both treatment and control areas.
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Figure 4.  Hypothesised change in cougar aggregative response (cougars/unit area/month) on Republic Block.
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