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Understanding what habitats an animal uses is valuable to conservation and management because ultimately the status of a species is dependent upon the status of its habitats. For example, research into the nesting habitat requirements of the spotted owl in the northwestern United States allowed wildlife managers to implement appropriate plans to preserve old growth forests (McKelvey et al. 1993). Because of this relationship between habitat status and species status, the study of habitat use has become a very important research topic for conservation and management.  For many species, especially endangered species or game animals like elk (Cervus elaphus), much is known about the habitats they use. However, there are two aspects of habitat use that require further study: (1) how animals are using habitats (i.e. habitat-associated behaviors) and (2) the role that predators play in influencing habitat use and behaviors.

Assessing how an animal uses a habitat is important so that habitats that maximize survival and reproduction are preserved (Garshelis 2000). For example, increasing highly productive foraging habitat for elk may be more important than increasing habitat used for resting or ruminating (re-chewing food from stomach). In addition, many habitats within an animal’s home range may offer forage, but some habitats may be more productive or may provide specific nutritional requirements for an animal (Belovsky 1981). To fully understand the benefits that each habitat offers, it is necessary to carefully quantify behaviors in each habitat. Quantifying behaviors of elk has been done (Laund’re et al. 2001, Childress and Lung 2003, Lung and Childress, in revision), but it is necessary to quantify behaviors such as time spent in various activities like foraging, resting, and traveling as they relate to habitats. 

Predation risk is an important component in understanding habitat use by animals because predators often alter habitat use and behaviors (Lima and Dill 1990, Werner et al. 1983). But for large herbivores like elk this variable is largely unstudied due to the lack of large predators in most areas of the continental United States. Additionally, it is important to further study the role of predation risk in influencing habitat use and behaviors because, if present trends continue, we can expect the re-introduction (natural or human aided) of predators to be an important component of management and conservation efforts. In Michigan, for example, it is expected that wolves, which presently inhabit the upper peninsula, will eventually become part of the biotic community in the lower peninsula (Gehring, T., Central Michigan University, personal communication).

Elk in Yellowstone offer a good system to explore these questions. In 1995-96, 36 gray wolves (Canis lupus) were re-introduced into the park and quickly became a major predator of elk (Smith et al. 2003b). Elk habitat use studies were done prior (Houston 1982), and since (Ripple et al. 2001, Mao 2003) the re-introduction. However, these studies have not looked at how elk are using the habitats - Ripple et al. (2001) used fecal pellet counts to estimate habitat use and Mao (2003) located elk using radio-collars. I propose to extend this understanding by exploring how elk use habitats and how predation risk influences this use. 

Background Information

It is knowledge of habitat use by a species that allows wildlife managers to preserve or restore areas that include these habitats to help maintain the populations. Studies exploring habitat use of herbivores like elk commonly use either pellet group counts or radio-collaring. Counting pellet groups provides an index of relative animal density and this density can be compared across habitats (e.g. Tefler 1978, Edge et al. 1988, McShea et al. 2001). In studies employing radio-collars (e.g. Valenzuela and Ceballos 2000, Ihl and Klein 2001, Mao 2003), how much time the animal spends in each habitat is generally calculated and compared to how much of each habitat is available for use. From this data a species habitat preference can be inferred. For example, if a species spends considerable time in a habitat that is not common then the species is said to prefer this habitat and it is deemed important for that species. 

Elk presently live in many areas of the United States, and the habitats that they commonly use have been thoroughly studied (e.g. Edge et al. 1987, Trammell & Butler 1995, Unsworth et al. 1998, Ripple et al. 2001, Slovkin 2002). However, most of these studies used either pellet group counts or radio-collaring. Although this provides important information on elk habitat use, concluding a habitat to be important for a species based on how much time it spends in the habitat overlooks at least two things. First, infrequently used habitats may be more important to the survival and reproduction of individuals than the time they spend there (Garshelis 2000). The habitat may be used for reproduction or as foraging areas where the food can be found quickly. For example, Powell (1994) found that fishers hunting porcupines spent disproportionately small amounts of time hunting in upland hardwood forests versus other forest types. It turns out porcupines den is these forests and were easy for the fishers to find. Based on studies that estimate habitat selection only on time spent in the habitat, it could be concluded that the upland hardwood forests were not important to the fishers. Second, if it is found that a species spends considerable time in a rare habitat, it is not always true that increasing the availability of that habitat will result in more use (which may be important both for management of game species and conservation of endangered species).  For example, a habitat may be used for sleeping or ruminating and making more of it available may not change how much it is used. Palomares and Delibes (1992) found that Egyptian mongoose use one habitat for resting and another for foraging. It is thus important to know what habitats a species is using and how they are using each. Management or conservation decisions based on studies that don’t assess how animals are using habitats could have potentially harmful results. For example, conserving large tracts of land that mongoose use for resting or sleeping may do little to enhance the population.

For many animals, habitat selection is based on maximizing the tradeoff between nutritional requirements and predation (Werner and Anholt 1993).  Predators can influence the fitness of prey directly (via death), or indirectly by altering patterns of habitat use (Sweitzer & Berger 1992), time spent in various activities such as foraging, scanning for predators, or resting (Hunter and Skinner 1998), and behaviors associated with different habitats (Cowlishaw 1997).  For example, Cowlishaw (1997) found that baboons spent less time foraging in more productive habitats because it was harder to see stalking leopards. She also found that the baboons rested in the safest habitat. The value of different habitats may thus change with the presence of predators and animals may shift to suboptimal foraging habitats to reduce predation risk (Werner et al. 1983). 

There are at least five decisions a foraging herbivore can make to maximize the tradeoff between energy/nutrient gain and predation risk (Lima and Dill 1990, Owen-Smith 1979): (1) where to forage (i.e. habitat choice), (2) acceptance of potential food items within a habitat, (3) time spent in other activities (e.g. vigilance) during a foraging bout, (4) proportion of day allocated to foraging, and (5) when to forage. Different habitats can vary in food quality and quantity and predation risk, and within habitats there is usually an assortment of potential food items to choose from. In some habitats these potential food items may be distributed in such a way that can be efficiently consumed, while in others the animal may have to spend time searching. Habitats that are higher in predation risk (e.g. distance from cover or refuge, predator encounter rates) may force animals to take time away from foraging for vigilance or traveling (Hunter and Skinner 1998, Childress and Lung 2003), to feed at times in which risk is lower (Caldwell 1986), and/or to shorten the lengths of foraging bouts to reduce exposure to predators (Lima and Valone 1986). Animals may also forage in areas with lower density of predators (Mao 2003) or in patches that offer better escape probabilities (Schneider 1984). 
However, foraging herbivores like elk may or may not incur costs by reducing the time spent feeding to keep a look out for predators (Illius and Fitzgibbon 1994), or by foraging in habitats that reduce risk.  A foraging animal may lose time feeding in a foraging bout by looking for predators, but may make up for it by increasing the total time in a day spent foraging. A foraging animal may also feed in larger groups and increase foraging time by reducing time spent vigilant (Pulliam 1973). In addition, some habitats that are safer for an animal like elk may also provide better forage. For example, Mao (2003) found that elk exposed to wolves select for more burnt forest habitats than open, grassland habitats, but burnt forests may have considerable forage depending on the state of recovery. It is therefore important to know not just what habitats a species uses, but how they are using each (e.g. resting, ruminating, foraging), how foraging efficiency varies between habitats, and how predation risk influences this. 


Yellowstone National Park (Wyoming, USA) is a good system for exploring how elk use habitats and the influence that predation risk has on these decisions. First, elk are numerous and visible in the northern range of the park, allowing easy observation of behaviors and large sample sizes. Second, in 1995-96, 31 gray wolves (Canis lupus) were reintroduced into the park after a 70-year absence (Bangs and Fritts 1996).  Studies following their re-introduction have shown that the wolves have had impacts on elk survival (Mech et al. 2001, Smith et al. 2003a) and behavior (Laund’re et al. 2001, Ripple et al. 2001, Childress and Lung 2003, Lung and Childress in revision). Gradients of risk exist for elk by age and sex (Smith et al. 2003a). Calves are the most vulnerable age class of elk, being prey to wolves, grizzly bears, and coyotes (Gunther and Renkin 1990, Gese and Grothe 1995, Mech et al. 2001), and are the most common prey of wolves (Smith et al. 2003a). Adult elk are only vulnerable to wolves, with females more at risk than males in the spring/summer. Adult males experience the lowest risk of predation among elk and most mortality of adult males by wolves occurs in late winter (Mech et al. 2001).  


Predation risk also varies on the landscape due to local distributions and densities of wolves (Smith et al. 2003a). For example, presently in the northern range, approximately 90 wolves occur in 8-9 packs with distinct and defined territories. In the western area of the park, however, elk are exposed only to one pack of 10 wolves and transient wolves without defined packs.  In addition, even within the dense northern range, weekly and monthly changes in wolf activity (Mao 2003) may influence risk to elk. Wolves have also been shown to travel regular routes and hunt in areas with predictable prey (Carbyn 1983, Huggard 1992a).
A third reason that Yellowstone National Park is a good system is that many aspects of elk foraging behavior and habitat selection were thoroughly studied prior to the re-introduction of wolves (Houston 1982), and a couple studies have been done since (Ripple et al. 2001, Mao 2003). The results of Houston (1982) show patterns similar to elk habitat use throughout the North American continent (Slovkin 2002), in which elk are viewed as generalist feeders but prefer to feed in open areas close to tree cover on grasses and forbs in the spring/summer. The studies done since the re-introduction suggest that wolves influence habitat use. Ripple et al. (2001) used pellet densities and evidence of browsing to conclude that wolves reduce elk foraging in aspen stands and riparian areas. Mao (2003), using radio-collared elk, found that elk avoided high wolf density areas by using higher elevation, less open habitats. However, neither of these studies recorded elk behavior as it relates to habitats, and thus an interesting and important component of habitat use by elk remains relatively unstudied. In addition, neither of these studies looked at the difference in habitat use by sex and age-class of elk. Because predation risk varies by sex and age, it will also be important to include these variables in exploring habitat use patterns and behaviors.

Objectives


The objectives of this study are to explore (1) how elk use habitats, (2) their distribution across habitats, and (3) how sex, age and predation risk influences use and distribution. Specifically, I will assess, for each sex and age-class of elk: (1) the proportion of time spent in each habitat type per day and per activity, (2) percent time feeding during foraging bouts in each habitat type, (3) foraging efficiency per habitat type, and (4) the distribution of elk within the major habitat types of the northern range. This data will be compared with an estimate of predation risk based on wolf density and activity. The study will take place May 15-June 30 during the years 2004-2008. During the first two years the study will take place in Yellowstone National Park’s Northern Range. Following this I will expand the study to include areas outside the park in Wyoming and Montana in the Greater Yellowstone area. The data gathered the first two years will be useful in developing hypotheses regarding the interactive effects of predation and human land-use and disturbance on elk habitat use and behaviors.
Study Area


The northern range of Yellowstone National Park covers an approximate area of 150,000 hectares. The vegetation is primarily open grasslands (upland steppe) or sagebrush (shrub steppe) consistent with lower elevation and milder and drier climate (Houston 1982). Dominant plant species include big sagebrush (Artemisia tridentate) and Idaho fescue (Festuca idahoensis). The open areas are broken up with stands of conifers, primarily Douglas fir (Psuedotsuga menziesii). The habitat types used in this study will be based on those defined and mapped by Despain (1990). These habitat types and the approximate coverage in the northern range are listed in Table 1. Figure 1 provides an example of the habitat type map for Lamar valley. The habitat types include:


1-Big sagebrush/Idaho fescue. This is the largest habitat type in the northern range. It is a shrub steppe habitat that occurs primarily on valley floors and west/south/east slopes over a wide range of elevations (1,800-2,500 meters). There are two phases on this habitat type: on drier sites there is an Idaho fescue phase and on wetter sites there is an abundant and conspicuous forb called sticky geranium – sticky geranium phase. 


2-Big sagebrush/Bluebunch wheatgrass. This shrub steppe habitat occurs only at the warmer, lower elevations (<1,800 meters) near the northern entrance of the park. Idaho fescue is replaced by bluebunch wheatgrass. This habitat type grades into a more grassland habitat dominated by bluebunch wheatgrass and sandberg’s bluegrass and less sagebrush.



3-Idaho fescue/Bearded wheatgrass. This is upland mesic steppe habitat, and it is the largest grassland habitat type in the park. It has a sticky geranium phase that is highly productive and is used during the summer by many of the large animal populations. Although it can have sagebrush, the dominant plants are grasses, primarily Idaho fescue and bearded wheatgrass. It occurs primarily on northern slopes between 2,000-2,400 meters and on some southern slopes over 2,100 meters.


4-Idaho fescue/Bluebunch wheatgrass. This upland steppe habitat is transitional between the higher Idaho fescue/bearded wheatgrass and lower xeric grassland habitats. It is scattered in patches throughout the northern range commonly on windswept ridges and is one of the first communities to begin spring growth. 


5-Idaho fescue/Richardson’s needlegrass. This mesic grassland is generally intermixed with Douglass fir stands and has limited distribution in the park. There are large swaths of it in the northern range and it is a productive part of the winter range. 


6-Tufted hairgrass/Sedge. This grassland habitat type grows in wet sites throughout the park. They are important part of the food during the winter. In the northern range they are common along river and stream plains like the Lamar River and Slough creek areas. In very wet areas the tufted hairgrass gives way to more sedges and willows.


7-Aspen. These deciduous stands are located along streams and rivers and at the shrub/forest ecotone. They are scattered throughout the northern range.


8-Burnt forest. The 1988 fires burnt considerable areas of forest in the northern range. These forests were generally Subalpine fir or Douglas fir. Recent research shows that elk are using these forests more in areas with high density of wolves (Mao 2003). Shrubs, forbs and grasses are common in the understory.


9-Forests. There are numerous forests types in the northern range, including Douglas fir and Subalpine fir, that cover approximately 43% of the northern range. For purposes of this study, all non-burnt forest types will be grouped together. Shrubs, forbs, and grasses are common in the understory.

Rocky Mountain elk are the most numerous large herbivore in Yellowstone National Park, with 10,000–15,000 inhabiting the Northern Range (Mech et al. 2001).  Elk in the northern herd summer on higher plateaus in the Lamar Valley and Mirror Plateau and winter lower along the Lamar, Yellowstone and Gardiner Rivers.  This study will take place May 15 - June 30. During this transition season elk are found throughout the range and have been observed in all habitat types (personal observation). During this season, they forage primarily on grasses and forbs (Houston 1982), and can be found in all habitats which have this vegetation. This is also the calving season and adult females with and without yearlings and calves form “nursery herds” generally ranging from 1-20 elk; adult males are solitary or form small groups (<10).


Yellowstone elk are preyed upon by coyotes (Canis latrans), grizzly bears (Ursus arctos), cougars (Puma concolor), and gray wolves (Canis lupus).  Cougars occasionally kill elk, but because of their low population number and preference for mule deer prey, they are a relatively minor predation risk (Murphy 1998).  Coyotes and grizzly bears primarily target newborn elk calves and represent a risk during the spring and summer season primarily for calves (Houston 1978, Gunther and Renkin 1990, Gese and Grothe 1995, Mattson 1997).  Gray wolves, however, prey on calves, yearlings, adult females and males.  The Park Service Wolf Recovery Program estimates that more than 92% of the wolves' diet consists of elk with a wolf pack killing approximately 280 elk per year (Smith et al. 2003a).  Therefore, with 90-100 wolves currently living in the northern range, wolves probably represent the most significant predation risk to elk.

General Methods


Elk will be divided into six age-classes.  Females are defined as reproductive when a nursing calf is present, non-reproductive when no nursing calf is present, and yearling when noticeably smaller. Males are defined as the number of antler points per side. Males with 5+ points are defined as adults, males with 3-4 points as sub-adults, and 1-2 points as yearlings. 

Estimation of Preferred Habitats

Studies on elk diets suggest that elk select for plants high in digestible protein and energy (Nelson & Leege 1982, Houston 1982). During the study period (spring and early summer) these foods include the emerging green grasses (e.g. Idaho fescue, wheatgrass spp.) and forbs (e.g. sticky geranium, crazyweed). Wickstrom et al. (1984) calculated that only habitats with a biomass of 600-800 kg/ha can provide elk appropriate intake rates, which included shrub steppe but not forested habitats. McCorquodale (1991) found that while forests in general are less productive than shrub steppe habitats with regards to elk forage, some forests types (i.e. those with low canopy cover) can be more productive than shrub steppe. I will estimate the relative abundance of grasses and forbs in the habitat types. It is expected that grasses and forbs are most abundant in grassland habitats (e.g. Idaho fescue/Bearded wheatgrass, Idaho fescue/Bluebunch wheatgrass, Idaho fescue/Richardson’s needlegrass, Tufted hairgrass/sedge), then shrub habitats (e.g. Big sagebrush/Idaho fescue, Big sagebrush/Bluebunch wheatgrass). For each habitat type, an index of relative abundance of grasses and forbs will be calculated. This will be done by estimating percent cover of grasses and forbs in ten randomly placed 10- m radius plots in each habitat type. GPS coordinate points for each plot in the habitat types will be generated using a random numbers table.

Because of the scale used to map the habitat types (50 x 50 m cells, Despain 1990) there is considerable variation with habitats of one type. For example, within Big sagebrush/Idaho fescue, sagebrush is generally the most abundant plant but large patches (>100 m2) containing just grasses is common. In addition, productivity generally decreases with elevation (Hansen et al. 2000). During the observation periods, microhabitat selection of elk will be recorded, as well as topographical features such as slope, elevation, aspect.

Estimation of Predation Risk


Predation risk has been estimated in many ways: predator density (e.g. Hunter and Skinner 1998), distance to stalking cover (e.g. Cowlishaw 1997), distance to prey refuge (e.g. Frid 1997), group size (e.g. Foster and Treheren 1981), and position in group (e.g. Bednekoff and Ritter 1994). These estimators of risk are attributes of the general environment of a prey individual and thus can be reduced by prey decision-making. However, some attributes of risk are the products of morphology that is largely unchangeable. For example, younger animals are often smaller, slower, or un-experienced and are thus at greater risk of predation (Werner et al. 1983, Smith et al. 2003a); due to differences in behavior and/or size, sexes often vary in risk as well (Fitzgibbon 1990, Huggard 1992b, Smith et al. 2003a). The diverse components that put prey at risk to predation, however, can be conveniently categorized into three broad areas (Lima and Dill 1990): probability of encounter, probability of attack, and probability of capture.


For each observation, I will calculate an index of predation risk (PR) based upon the probability of encounter, attack, and capture. Probability of encounter will be estimated using (1) wolf density on the northern range landscape, and (2) recent wolf presence in the observation area. Predator density may increase elk use of certain areas (e.g. steeper slopes, higher elevations, forested habitats) more than others, but recent exposure or the likelihood of exposure to predators is more likely to influence smaller scale decisions such as when to feed, where to feed and how long to feed within a habitat, and how much time to allocate to vigilance. It has been shown that wolves travel and hunt along regular, predictable routes within territories (Carbyn 1983, Huggard 1992a). An animal’s assessment of encounter risk probably includes predator density but the animal may have just encountered wolves earlier that day or the day before and this probably has more influence on behaviors. Wolf density on the northern range landscape will be calculated using kernel utilization distribution of weekly radio-locations of collared wolves (Mao 2003). Recent wolf presence will be estimated by calculating the mean distance of daily radio-located wolves (within 5 km – the average distance between kills, Carbyn 1983) from observation area within + 2 days of the observation. For example, if on June 10 an observation of elk behavior was taken at location X, then all wolf locations within 5 km of location X two days prior and two days after will be measured and a mean calculated. Wolf locations will be obtained from the Yellowstone Wolf Project (Smith et al. 2003a), which consistently maintains radio-collars on 25-33% of the YNP wolf population. 


I will also use probability of attack and capture to calculate predation risk because encounter rates don’t take into account that wolves are not always hunting even if active. In addition, different habitats and terrains may influence attack rates and escape rates, as well as group size, and sex/age of prey. Probability of attack and capture will be calculated using time of day, visibilities related to habitat type, distance to escape cover/terrain, group size, and sex/age of elk. Including time of day is important because elk are often observed feeding within a few hundred meters of resting wolves. Wolves generally hunt in early morning and evening (           ,personal observation). Evidence also suggests that habitat and terrain influence attack and capture rates. Kunkel and Pletscher (2001) found that wolf kill sites had less slope, more hiding cover, and more non-vegetation structure than along travel routes and control sites. In addition, Mech et al. (2001) observed kill rates of less than 30%. This means prey commonly escape, and this is often due to factors such as terrain (Carbyn 1983, Lima 1992). Sex and age of prey also influence attack and capture rates; calves, the old, and females are most often killed (Huggard 1992b, Mech et al 2001, Smith et al 2003a). 

Observational Methods
Time Spent Feeding & Foraging Efficiency

To test the hypotheses concerning time allocated to feeding during foraging bouts and foraging efficiency, I will use shortened “day follows” (Collins et al. 1978, Cowlishaw 1997). Each day will be split into five 3-hour time zones (0600-0900, 0900-1200, 1200-1500, 1500-1800, 1800-2100) and a herd followed during each time zone (to assess the influence of time of day). Their behavior and habitat will be observed with spotting scopes and recorded.

To assess time spent feeding during foraging bouts, a foraging animal of certain sex and age-class will be haphazardly selected (without replacement) every hour and their activity state (see below) and habitat type recorded at 5-minute intervals. Time spent feeding will be calculated as the proportion of total scans spent feeding.


To assess foraging efficiency, I will continuously record (using a tape recorder) the activity of a randomly selected foraging focal animal for 10 minutes (Altmann 1974, Martin and Bateson 1993) during an observation period. During this time I will record handling food, searching for food, and vigilance (Owen-Smith 1979, Frid 1997). Handling food is defined as an animal clipping vegetation with their mouths and/or moving their mouth over the vegetation patch without making a step. Searching for food is recorded if the animal takes one or more steps away from either the vegetation patch they had been handling food or from where they stood being vigilant. Vigilance is recorded if they interrupted food searching or handling to move head above shoulder height. The recording session will end after 10 minutes or when an animal stopped handling or searching for food for one minute. This is to exclude non-foraging bouts and transitions to other activities from the data analysis. From these records, I will calculate the proportion of total time observed handling food, searching for food, and vigilant. Foraging efficiency will be calculated as the ratio of the proportion of time spent handling food versus searching and vigilance (Owen-Smith 1979).


In addition, at the beginning of each observation and at each time interval, group size and composition, and distance to nearest tree line, cliffs, river, and obstructive cover will be recorded. The position of the elk will be marked on a topographical map during the observation period. Habitat characteristics recorded during this time will include: (1) major habitat type, (2) micro-habitat, (3) geomorphologic characters, (4) general surrounding topography, and (5) climate variables. Major habitat types (Table 1) are those defined and mapped by Despain (1990). These habitat types were categorized based on the dominant plant species (e.g. Big sage/Idaho Fescue, Subalpine fir/Grouse whortleberry) and their extent and distribution mapped throughout the park using Geographical Information Systems (GIS). These major habitat types, however, are patchy and, where possible, I will further quantify elk position and behaviors within micro-habitats (e.g. Idaho fescue patch within Big sage habitat). Geomorphological characters to be estimated include aspect, slope, and elevation. Slope will be estimated as: no slope = 0-10 degrees, moderate = 10-30, steep = >30 degrees. Aspect and elevation will be recorded from locations marked on the topographic maps. In addition, surrounding characteristics will be described. These will include distance to nearest tree line, distance to nearby cliffs, rivers, etc. which will be estimated and put in the following categories (0, 10, 50, 100, 500, 1000, >1000 meters). I will also describe the general terrain (e.g. rolling hills, flat terrance), because there is some evidence that predation risk is associated with terrain characteristics (Kunkel and Pletscher 2001, personal observations). Climatic variables to be recorded include air temperature, cloud cover, and wind speed. Air temperature and wind speed will be calculated from instruments in the field, and cloud cover will be estimated and put in the following categories (0 = clear, no clouds, 1=partly cloudy, mostly sunny 2= partly sunny, mostly cloudy, 3=complete cloud cover). 

Habitat Distribution


To test hypotheses concerning habitat distribution, two methods will be used. To assess the distribution of elk across habitat types, I will use road transects (Houston 1982) supplemented by walking transects. Three times per week during the study period, the primary road through the northern range (76 km) will be driven and all elk visible from the road will be recorded according to sex, age, and habitat type. This method used by Houston (1982), however, did not assess habitats according to their availability. To overcome this problem and observe habitats in proportion to their occurrence in the northern range, I will walk two additional transects that allow visibility of habitats not accessible from the road. The road and walking transects will be done on the same days but time of day varied. Distribution of elk per habitat will be calculated as the proportion of total elk observed along all routes during the study period.  

To assess time spent in habitats and activity budgets per habitat, I will use “day follows” (Collins et al. 1978, Cowlishaw 1997). On ten occasions per study period, a herd of elk will be followed from a distance of >200 meters from sunrise to sunset. Previous studies have shown that this observation method does not influence elk behavior (Childress and Lung 2003). Habitat type and activity state for each individual in the herd will be observed through spotting scopes and recorded every 15 minutes using instantaneous scan samples (Martin and Bateson 1993). Elk activity will be divided into six behavioral states: feeding, vigilant, traveling, grooming, resting, ruminating, and interacting with others.  Feeding is defined as standing or walking slowly in the action of eating or searching for ground plants with head below the horizontal or eating browse. Vigilance is defined as standing with the head at or above the shoulder level.  Traveling is defined as walking, trotting or running with head at or above the horizontal. Grooming is defined as licking or scratching oneself or another. Ruminating is lying on the ground and re-chewing food. Resting is any behavior other than ruminating while lying on the ground.  Interacting is any behavior with other animals (e.g. aggression, playing).  To assess the way in which focal animals split time between different habitats and activities, I will calculate the proportion of total scans spent in each habitat and activity.
Statistical Analysis


Habitat distribution will be analyzed using the Manley-Chesson index (Manley et al. 1993), which is the proportional use divided by proportional availability of each habitat standardized so that the values of all habitats sum to one. This index also can be used to test for differences in habitat preferences between sex and age. Time spent feeding and foraging efficiency will be analyzed using a general linear model two-way ANOVA (habitat type and predation risk). Other variables (e.g. time of day, geomorphological characteristics, climate) will be evaluated by a stepwise (backward) multiple regression from the residuals of the time spent feeding and foraging efficiency ANOVA. All statistical tests will be performed using SAS for Windows.
Hypotheses and Predictions
Time Spent Feeding during Foraging Bouts


I will test 4 alternative hypotheses regarding time spent feeding during foraging bouts. As mentioned earlier, an herbivore can attain equal daily intake by either increasing total time spent foraging or by maximizing foraging efficiency and time spent feeding during foraging bouts. A foraging bout is defined as the duration of time an elk spends in foraging activities between resting. This includes feeding, drinking, scanning, traveling, grooming, and interacting with conspecifics and other species. Elk generally have two foraging bouts during the daytime hours (Collins et al 1978, personal observations). The first bout begins around sunrise and lasts until around 1000 when animals lay down to rest and ruminate. Around 1600 they rise and this foraging bout can last past sunset, where they rest and forage periodically during the night until sunrise. Time spent feeding during a foraging bout can increase if animals spend time in habitats or areas that require less traveling to find potential food items or avoid encounters with predators. It can also vary with herd size (Childress and Lung 2003).

Null Hypothesis: There is no relationship between time feeding, habitat type and predation risk.

If this hypothesis is true, then time spent feeding should not vary between habitat types and between areas that vary in predation risk.


Hypothesis 1: Time spent feeding is influenced by habitat type only.

If this hypothesis is true, then time spent feeding should vary between habitat types but should not vary within similar habitat types that vary in predation risk.


(As long as similar habitat types have equally accessible food.)


Hypothesis 2: Time spent feeding is influenced by predation risk only.

If this hypothesis is true, then time spent feeding should not vary between different habitat types, but between the same habitat types that vary in predation risk.


Hypothesis 3: Time spent feeding is influenced by both habitat type and predation risk.

If this hypothesis is true, then time spent feeding should be highest in grassland habitats (e.g. Idaho fescue) with low predation risk and lowest in sagebrush and forest habitats with high predation risk. This is predicted based upon elk diet preferences for grasses (see below).

Foraging Efficiency


I will test 4 alternative hypotheses regarding foraging efficiency of elk in different habitats. Foraging efficiency is defined as the ratio between time spent handling food versus time spent searching for food and vigilant (Frid 1997, Owen-Smith 1979). See below for more detailed definitions of food handling, searching, and vigilance. Foraging efficiency can thus be increased by foraging in habitats that require less time searching for food and/or by foraging in areas lower in predation risk that decrease time spent vigilant.

Null Hypothesis: There is no relationship between foraging efficiency, habitat type, and predation risk.

If this hypothesis is true then time spent eating vs time spent searching for food and vigilant should not vary between habitat types and between areas that vary in predation risk.

Hypothesis 1: Foraging efficiency is influenced by habitat type only.

If this hypothesis is true, then time spent eating vs searching should vary by habitat types but should not vary within the same habitat types that vary in predation risk. It is predicted, based upon diet preferences for grasses, that foraging efficiency will be higher in grassland habitats (e.g. Idaho fescue), followed by sagebrush and forest habitats.

Hypothesis 2: Foraging efficiency is influenced by predation risk only.

If this hypothesis is true, then time spent eating vs. time spent searching and vigilant should not vary between different habitat types, but between the same habitat types that vary in predation risk.


Hypothesis 3: Foraging efficiency is influenced by both habitat type and predation risk. 

If this hypothesis is true, then time spent eating vs. time spent searching and vigilant should be highest in grassland habitats (e.g. Idaho fescue) with low predation risk and lowest in sagebrush and forest habitats with high predation risk. 

Habitat Distribution


I will test 4 alternative hypotheses concerning habitat distribution of elk:

Null Hypothesis: Elk are distributed across habitats randomly. 

If this hypothesis is true then elk should be distributed in proportion to the availability of habitats. 

If this hypothesis is true then elk should spend time in habitats in proportion to their availability.

Hypothesis 1: Elk are distributed in habitats to maximize nutrient/energy intake only (i.e. They will be distributed across habitats according to the Ideal Free Distribution (Fretwell 1972)). 

If this hypothesis is true then elk should be found more commonly in the grassland habitats. 

If this hypothesis is true then elk should spend more time in the grassland habitats.

If this hypothesis is true then elk should spend more time feeding in the grassland habitats and use other habitat types for other behaviors (e.g. resting, ruminating). 

Hypothesis 2: Elk are distributed in habitats to minimize predation risk.

If this hypothesis is true then elk should be found more commonly in habitat types low in predation risk regardless of preferred foods.


If this hypothesis is true then elk should spend more time in habitat types low in predation risk regardless of preferred foods.
Hypothesis 3: Elk select habitats to balance nutrient/energy intake and predation risk. 

If this hypothesis is true then elk should be found more commonly in grassland habitats that are lower in predation risk.

If this hypothesis is true then elk should spend more time in grassland habitats with lower predation risk.
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Figure 1. Habitat types around Lamar Valley, Yellowstone National Park representing an area of approximately 175 km2. Lamar valley itself is the large swath of tufted hairgrass/sedge. All forest types were combined. The dominant forest types in the northern range include Douglas fir/Snowberry, Subalpine fir/Grouse whortleberry-grouse whortleberry phase, and Subalpine fir/Western meadowrue. Burnt forests are not shown.
Table 1. Major habitat types within study area within Yellowstone National Park’s northern range. Adapted from Despain (1990).
Habitat Type 

Abbreviation 
Primary Plants





Species Names



*Approximate area – ha ((%)

BS/IF

Big Sagebrush/Idaho fescue

       Artemesia tridentata/Festuca idahoensis
      }    18,300 (22)
BS/BBW
Big Sagebrush/Bluebunch wheatgrass
       Artemesia tridentate/Agropyron spicatum
IF/BW

Idaho fescue/Bearded wheatgrass
       Festuca idahoensis/Agropyron caninum

16,300 (20)

IF/BBW
Idaho fescue/Bluebunch wheatgrass
       Festuca idahoensis/ Agropyron spicatum

4,100 (5)

IF/RN

Idaho fescue/Richardson’s needlegrass          Festuca idahoensis/Stipa richardsonii

1,500 (2)

TH/S

Tufted hairgrass/Sedge bogs

       Deschampsia cespitosa/Carex spp.


3,200 (4)

DF

Douglas fir forests


       Pseudotsuga menziesii



16,100 (20)
SF/LP

Subalpine fir/Lodgepole forests
                    Abies lasiocarpa




17,200 (18)

AS

Aspen stands



       Populus tremuloides



1,400 (2)

*Areas based on Houston (1982) and thus are only approximations of current coverage. 

(Does not equal 100% because un-vegetated habitats and those less than 1% were not included. 
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