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Abstract:

An understanding of the long-term effects of the 1988 on the Yellowstone Park Ecosystem is vital to management.  Small mammals represent an important part of the ecosystem and are involved in a variety of ecosystem process: food for predators, nutrient cycling, and help to structure plant communities. An accurate understanding of how small mammals respond to changes in vegetation structure and how those changes can effect their role as a major prey item is important for the proper management of any ecosystem. To accurately assess small mammal habitat relationships, how populations can fluctuate in relation to changing habitat structure and the effect of disturbance, long term monitoring studies that examine a wide range of habitat types such as the one proposed must be utilized. Long term studies can be used to assess the impact of future biotic and abiotic changes. This study focuses on small mammal habitat relationships in the Northern Range of Yellowstone National Park. One small mammal of special interest due to its importance as a prey item is the Uinta ground squirrel (Spermophilus armatus).  One aspect of this study will focus attention on this species to determine the causes of its relationship with habitat structure and how habitat structure effects its population density and behavior.  
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Background:

Statement of Issue
Landscapes are created and maintained by environmental influences, biotic processes, and disturbances (Urban et al. 1987).  Such influences occur over large spatial scales and long time periods (e.g., regeneration of vegetation after fire).  In Yellowstone, Crabtree et al. (1997) and Johnson and Crabtree (1999) found that habitat structure, affected by both annual variation in precipitation and fire, had a strong influence on both the community structure and population abundance of small mammals.  They developed methods to inventory and monitor small mammal communities over landscape scales and across differences in both macro- and microhabitat structure.  These methods are also applicable to other habitat-changing events such as habitat regeneration following floods.

Long-term effects of fire and other habitat-changing events such as flooding and ungulate influences are poorly understood.  We could find no published studies regarding the long-term effects of fires on small mammal communities.  With the continuance of the Northern Range Small Mammal Study (NRSMS), we would be able to assess both short-term and longer-term effects of fire on both the vegetation structure and subsequently, small mammal populations (4 and 5 years and 13 and 14 years after the 1988 fires).  Critical to such long-term efforts is the ability to resample permanent plots.  The 155 sites sampled across the Northern Range in 1992-93 would be resampled in 2001-02.  The ability to assignment causality is greatly enhanced with the strong statistical power associated resampling permanent plots.  Randomly located, replicate trapping grids within structurally different habitat types will allow testing of how small mammals have responded over time to fire and the associated regenerating vegetation.

Furthermore, such long-term research and monitoring is useful to understand the vital role small mammals play as prey to many of Yellowstone’s predators including coyotes (Weaver 1977, Wells and Bekoff 1982, Crabtree and Sheldon 1999), badgers (Minta et al. 1992), red fox, (Fuhrmann, 1998), felids (Knick 1990) and many species of raptors.  Small mammal prey can make up the majority of prey items in the diet of many medium and large sized predators (see Buskirk 1999). 

As an example of how disturbance affects vegetation structure, and subsequently small mammal populations, Crabtree et al. (1997) report a dramatic 18-fold increase in Uinta ground squirrels in sagebrush habitats burned in the fires of 1988.  Hence, an additional effort is proposed that will focus attention on how habitat structure affects specific small mammal species.  The Uinta ground squirrel (Spermophilus armatus) will be sampled in three structural habitats (replicate grassland, burned sagebrush, and unburned sagebrush sites).  This species is found typically in grasslands but will also live in shrubs (i.e., sagebrush) although in lower densities (Streubel 1989).  It is commonly believed that the ground squirrels prefer areas of lower vegetation structure to scan for predators (Walker 1968).  There are benefits to living in shrub areas, however prey species in shrub communities are harder for predators to catch (Minta et al. 1992), have greater amounts of aboveground refugia from predators (Sharpe and Van Horne 1998), and during drought conditions shrubs provide greater nutritional value (Van Horne et al. 1998).

In order to determine the factors affecting the differential response of ground squirrels to varying habitat structure, we propose to observe marked individual ground squirrels from late May to late July in all three habitats to determine what affect vegetation height (and obscurity) has on the behavior of the population.  Correlates of behavior (vigilance and feeding time) will allow us to test a number of hypothesis.  For example, if ground squirrels exhibit greater wariness to predators by demonstrating greater vigilance rates, this may reduce their foraging time and prevent individuals from adding the necessary weight to survive hibernation.  Since greater vegetation height limits the ability of ground squirrels to scan for predators, they may experience a greater amount of stress, which may also affect their survivability.  High degrees of stress have been shown to have detrimental effects on individuals (Christian 1950, Munck et al. 1984).  This aspect will be examined through analysis of cortico-steroid levels in fecal samples collected from traps after capture of individual squirrels (Harper and Austad 2000).  We will also determine if there are differences between habitats in regards to age, sex, weight and weight gain of individuals. If weight gain of individuals in tall vegetation is less than that found in grasslands, this may reduce the ability to survive hibernation and thus be a cause of low population densities in shrub habitat.


Issues involving the effects of habitat structure and disturbance on small mammal communities are of great importance in the Yellowstone Ecosystem.  Besides their functional role in providing prey to many predators, small mammals also affect the vegetation structure and nutrient cycling of the plant communities in Yellowstone National Park through herbivory, seed dispersal and changes in the soil dynamics caused by burrowing (see Sirotnak 1998 and Huntley 1995).  
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Scope of Study

Given the unique situation that this long-term study provides, we will resample the same 51 sites (155 grids for four days nights each) that were sampled in 1992 and 1993 by Crabtree et al. 1997 in order to determine changes in small mammal populations, vegetation, and their interrelationships.  The original sites were randomly located on YNP’s GIS in 1991 below 7200 ft. and were stratified within the six major habitat types described in Johnson and Crabtree (1999): mesic grassland, xeric grassland, sagebrush, burned sagebrush, forest, and burned forest.  The burned areas are a result of the 1988 fires.  These habitat types were chosen to reflect differences in small mammal species distribution and abundance in relation to habitat structure.

Intended Use of Results

    The data provided through this study will examine the habitat relationships and abundance of the small mammals of the Northern Range of Yellowstone in relation to habitat-changing events such as fire.  This information is important for an understanding of a major part of the prey base for carnivores.  Information on how small mammals recolonize areas after disturbance on both short term and long term scales will be provided.  The effects of habitat structure on the behavior and population dynamics of a key species, the Uinta ground squirrels (Spermophilus armatus), will be demonstrated. This relationship of high density to areas of low vegetation structure and recently disturbed areas may have implications on the value of natural fire in providing a strengthened prey base to predators. Thus, the outcome of this research will provide guidance in management of Yellowstone habitats and predator populations.  Protocols, reports, graduate theses and peer-reviewed publications will be produced.  There will be no commercial use of these data. 

Objectives:
     The objectives of this project will be: (1) to provide a continued, long term monitoring effort on the small mammals of the Northern Range to determine how populations respond to habitat-changing events such fire, (2) evaluate the spatial and temporal distribution of small mammal species by developing improved and refined landscape (habitat) models that predict their distribution and abundance, (3) re-assess the small mammal prey base in relation to the predators present in the Northern Range, (4) to monitor recolonization of small mammals and vegetation in habitats affected by the fires of 1988 (13 and 14 years later), and (5) to determine causes of Uinta ground squirrel habitat selection and determine how habitat structure effects the population densities, sex and age ratios and behavior of this species.

Methods:
Study Area
The study will take place at predetermined mesic grassland, xeric grassland, sagebrush, burned sagebrush, forest, and burned forest sites throughout the Northern Range of Yellowstone National Park below 7200 ft.  We can provide a detailed map with the location of all 155 sites.

Procedures
Because this a long-term research and monitoring project, it is critically important to use standardized methodologies.  Thus, the techniques used during the first phase of this study (1990-93) will be used (Crabtree et al. 1997).  Trapping of small mammals in each site will be done using a mini-grid design used in 1990-1993 to trap these sites. The effectiveness of the mini-grid design was determined by trapping simultaneously with a large main grid and statistically calibrated via double sampling theory (Cochran 1977).  The results of the trapping effort in 1990-1993 can be found in (Johnson and Crabtree 1999).  The following mini-grid design was found to be an effective method of determining distribution and abundance and develop habitat models for the five main species found in the various habitats that are the predominate small mammal prey for Yellowstone’s medium and large sized predators. These five species are deer mice (Peromyscus maniculatus), red-backed voles (Clethrionomys gapperi), Uinta ground squirrel (Spermophilus armatus), meadow/montane vole (Microtus pennsylvanicus and Microtus montanus) and northern pocket gophers (Thomomys talpoides).  The mini-grid design was found effective as an indicator of presence/absence of less common species (i.e., shrews). 

The mini-grid design includes 23 traps; 9 pitfalls, 9 large 3X3.5X9 inch mouse- sized Sherman live traps and 5 extra large 4X4.5X13 inch squirrel-sized live traps.  After analysis, pitfall traps were deemed of little value to the study and will not be used in this study.  The traps will be set up in a 3 X 3 design, 15 meters apart in a grid.  The five extra large squirrel live traps are inset within the mouse traps in a square 30 meters from each other with the remaining trap placed in the center of the square. For each site, a cluster of three such mini-grids will be set up for four days and four nights. The traps will be checked in the early morning, left open and checked again in the early evening, and again left open to be checked the next morning.  The traps will be baited using a mixture of peanut butter and rolled oats. Artificial nesting material (warm when wet) will be placed in each trap to protect against cold as well as having cedar shingles placed over the trap to protect against the mid-day sun and prevent overheating of the animal. Animals caught will be identified to the species level using field guides.  Once identified, the sex, age (adult, sub-adult, or juvenile), and weight of each individual will be noted.  Animals will be marked (toe-nail clipping according to Wildlife Techniques Manual, 1971) to permit density and abundance determinations. 

The three mini-grids for each site will be placed approximately 100 m from the predetermined GIS point used in the 1990-1993 survey, at 0, 120, and 240 degrees reading from a compass. Thus, mini-grids within a cluster will be approximately 200 or more meters apart. The sites being used were chosen to reflect differences in small mammal species distribution and abundance.

In addition to the 14 traps, a mini-grid will include four 50 X 10 meter northern pocket gopher (Thomomys talpoides) mound belt transects.  These will be established 10 meters out, along each side of the mini-grid. These transects will estimate the mounding rate which has previously been calibrated with pocket gopher density by Reed (1961). On day one of trapping, the transects will be walked and all existing gopher mounds counted and stamped out. On day five of trapping the transects will be re-walked and all new (made within the last four days) gopher mounds will be counted. 

Also sampled at each mini-grid site will be a variety of site attributes including vegetative cover plots, pellet plots, soil type, slope and aspect. Ten, 2 m2 vegetation plots will be sampled at 0, 20, and 50 cm from the ground for cover of live vegetation (including moss, lichen, and fungus), litter, rock and downed timber. At nine selected points within each mini-grid site a one square meter plot will be placed on the ground and all pellets within that plot will be counted and identified.  Soil type will be classified as (1) fine, moist clay texture with no or few rocks, (2) loose, semi-dry sandy texture with some rocks, (3) hard packed, dry with many rocks of all sizes, or (4) loose, moist organic texture with some large rocks. Slope will be categorized as (1) 0 to 5 degrees, (2) 6 to 20 degrees, (3) 21 to 40 degrees, or (4) 40+ degrees. Aspect will be determined to be (1) between 293 and 113 degrees of a compass bearing (more north and east facing) or (2) between 114 and 292 degrees (more south and west facing).  Finally, surveys will be completed at each site for the presence of bushy-tailed woodrats, pikas, muskrats, beaver, red squirrel and marmots.

Additional data will be taken at a subset of these sites. Specifically, two replicate sites of mesic grassland, burned sagebrush and sagebrush will be sampled in order to determine the effects of habitat structure on Uinta ground squirrels.  This effort will utilize a 7 X 7 live trap grid at each site (as originally done by Crabtree et al 1997).  We will use extra large (4 X 4.5 X 13 inches) squirrel-sized Sherman traps in a 7 X 7 grid, 30 meter spaced square grid (49 traps, 210m X 210m).  Two sites will be trapped simultaneously for up to five days until all six have been surveyed.  These traps will be opened in the early morning and checked every two hours for eight to ten hours each day. Due to the diurnal nature of ground squirrels the traps will be closed after the daily trapping, to be reopened the next morning.  Traps will be baited using a mixture of peanut butter and rolled oats.  Nesting material will also be provided to protect against the cold and cedar shingles will be placed on the traps to protect against over-heating.

The objective of this trapping scheme is to catch a majority of individual in the trapping area.  Upon capture the sex, weight and age will be noted.  A uniquely numbered ear tag purchased from National Band and Tag will be placed on the individual for identification.  Since these animals will be observed for two months, the toe-nail clipping method used in the rest of the study will not be sufficient.  Ear-tagging is safe for the animal and reliable to the researcher and inconspicuous.  The tag represents no danger to carnivores as they frequently eat bone fragments much larger than the tag.  In addition, to the ear tag, Clairol hair dye will be used to place a unique number or marking on each individual so that the individual can be identified visually for behavioral observations using a spotting scope and/or binoculars.  This technique has been used effectively in other studies involving the observation of ground squirrels (Slade and Balph 1974, Sharpe and Van Horne 1998).  Re-trapping will be needed occasionally when the hair dye begins to wear off to re-apply the dye.  The estimated length of hair dye is 4-6 weeks. This repetitive trapping will also allow for determinations of weight gain of individuals in different habitats.  Significant weight gain is needed to survive hibernation.  The animals will be observed from late May to late July, when they begin to descend into their burrows to hibernate for the fall and winter. 

Once the population at each site has been trapped and marked, we will observe the animals through spotting scopes to produce time budgets for individuals in each habitat type.  Once an individual is found, the behavior will be noted at 20-second intervals.  We will attempt to observe as many individuals as possible for up to 30 min/day.  If an individual is not observed for at least 10 minutes in a day, then any observations for that animal will not be included in the analysis.  Attempts will be made to sample age and sex classes equally.

Behavioral classifications will include: (1) foraging (head down and ingesting forage, chewing between bites with head up for <3s, or chewing while sitting on haunches), (2) vigilant (quadrapedal with head above horizontal plane for >3s, sitting on haunches while not chewing, bipedal posture, or sitting in a shrub and not foraging), (3) locomotion (walking or running), (4) other (e.g. grooming, excavating) and (5) below ground.  Specific vigilant postures will be noted as well as what specific plant or food item the animal is foraging on whenever possible.  These behavioral classifications were used on studies involving Townsend’s ground squirrels (Sharpe and Van Horne 1998).  Through these behavioral observations, we will be able to compare time budgets of individuals between habitats to determine if there is a difference in behavior between habitats. If individuals in tall vegetation exhibit more time spent in vigilance, this may reduce their time for foraging.  The active season of Uinta ground squirrels is only between 61 days for juvenile males to 97 days for adult males (Amend 1970).  Thus time is limited for building on fat reserves to survive winter hibernation and to have enough energy to survive when they emerge in the spring. If an individual spends too much time being vigilant then this may impact their ability to survive hibernation and thus explain the low densities of squirrels in sagebrush habitat.  

We will also collect fecal samples to assay for stress hormones (Harper and Austad 2000).  These samples will be destroyed through the analysis.  The samples will be retrieved from the traps after capture.  This will serve as another indicator of  the effect vegetation height may have on individuals. Tall shrubs will reduce the distance individuals can see as they view for predators. The more enclosed environment may cause additional stress, which will show up in the fecal samples.  The stress levels will be compared with time spent in vigilance to determine the impact of increased vigilance. 

Vegetation measurements will be made to determine the relationship between height and density of the various vegetation types on the ground squirrel population.  Measurements on vegetation height will be done as in the rest of the study.  Density and percent cover measurements of vegetation will be taken at twenty-five random sites using a point-intercept method with a 3 by 0.5 m point frame as the sampling unit (Floyd and Anderson 1982).  

Collections
Fecal samples will be collected from the traps of Uinta ground squirrels for analysis of stress hormones such as cortico-steroid.  We will collect as many samples as possible.  These samples will be destroyed in the analysis.  All captured animals will be marked, released and left in the wild after capture.  Any mortalities in which the specimen is intact and not in a state of decay will be taken back to YES’s Northern Yellowstone Field Station and frozen for possible use in Yellowstone National Park’s specimen collection.  If this specimen is not needed by YNP it will be returned to the site where it was captured.

Analysis
Mark-recapture data will be analyzed using species-specific ratio estimators that convert calibrated (via program CAPTURE) capture indices into estimate of population size.  SPSS will be used to determine relationships using Poisson regression models between each species and the specified habitat attributes. 

Regression analysis will be used to find relationships for the Uinta ground squirrel population density, age and sex ratios with vegetation types and height.  ANOVA analysis will be used to compare stress levels, time budgets, and weight gain between populations  in different habitat types. 

Schedule
Trapping and observations for Uinta ground squirrels will begin in late May and continue until late July when the animals begin hibernation.  The main trapping effort using mini-grids throughout the northern range will begin in mid-June and continue until early September.  All sampling will take place in the summers of 2001 and 2002.  Analysis, reports, and publications will take place in 2003.  Copies of all reports, publications, and field data will be given to Yellowstone National Park following completion of the study. 

Budget
This work fully funded for the duration of the study through grants provided by Yellowstone Ecosystem Studies.  Equipment such as Sherman live traps, purchased in 1990 and used on the original 1990-93 study, will be provided by Yellowstone National Park. 

Products:
Publication and reports
See “intended use of results” section above.

Collections
The only items for planned collection will be fecal samples retrieved from the traps of Uinta ground squirrels.  These samples will be destroyed during the analysis for stress hormones.  Intact trap mortalities will be frozen and given to Yellowstone National Park’s specimen collection.

Data and other materials

N/A
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Qualifications:
Robert (Bob) Crabtree (PI of NRSMS, YES):



Bob has been working in Yellowstone National Park on a variety of research studies since 1989 and is very familiar with park rules, regulations, and protocols.  He originally designed the NRSMS study in early 1990 with the support of park employees John Varley, Don Despain, and Mary Harter (who was the primary field biologist).  Bob has overseen the continued trapping of reference plots in Lamar Valley since 1990.  He has extensive experience in all aspects of this study and will serve as the Principal Investigator.  Bob will also maintain regular communications with: (1) Mitchel Hannon, lead field biologist and supervisor, (2) Mitchel Hannon’s major advisor, Dr. Steve Jenkins of the University of Nevada at Reno, and (3) appropriate park personnel including Kerry Murphy (mammal biologist) and North District Rangers.
Mitchel Hannon  (Graduate student, University of Nevada-Reno):

Mitchel has experience in the trapping, handling and censusing of small mammals.  I spent six months working at the Sevilleta Long Term Ecological Research center in Socorro, New Mexico working on the trapping and handling of small mammals using large mouse-sized Sherman Live traps.  Species included deer mice (Peromyscus 

maniculatus), thus I have experience with Sin nombre virus concerns.  I also led small 

mammal trapping efforts for Yellowstone Ecosystem Studies in the Northern Range 

using the described mini-grid methods from July 10th through July 25th, 2000. 

My field experience also includes work in Yellowstone.  I worked with Yellowstone  Ecosystem Studies from April 15th through July 15th , 2000 on the Food for the Masses  project.  This project required extensive field work and collection of elk samples for the wolf reintroduction project.  I am familiar with park regulations and protocols.

Supporting documentation and special concerns:

Safety

Handling of small mammals requires precautions against Sin nombre virus. To protect the crew against contraction of this virus we will follow protocols recommended by Yunger and Randa (1999) and following: 

http://www.cdc.gov/ncidod/dvrd/spd/mnpages/rodentmanual.htm

Traps will be soaked in hypo-chlorite (10% bleach solution) previous to setting them in the field avoid respiration over an open Sherman trap. 

Access to study sites
Most sites will require hiking.  Each site will be accessed for the needed four days and four nights.  Once completed, there will be no need to return to the previous sites. About a third of the sites will require backcountry access and camping as occurred in 1992-93.  A crew of four individuals will be used for all trips into the backcountry.  These trips will last the needed four days and four nights.  All sights have been chosen to be outside the view of the public except for some sites in Lamar Valley that have been trapped for 11 consecutive years and previously approved by the Ranger Division.

Use of mechanized and other equipment
           Field equipment will include the small mammal traps and equipment used to measure both small mammals and vegetation.  The traps will be left in the field for the required four days and four nights. After the fourth day the traps will be removed.  No restricted areas will be used.

Chemical use

No chemicals will be used in the field.

Ground disturbance

Because pitfall traps will not be used, no ground disturbance will occur except for “footprint” marking pocket gopher mounds.

Animal welfare

The Institutional Care and Use Committee of the University of Nevada-Reno has reviewed our methods and a copy of all materials is included.  This has been approved, signed and is attached.  

We will include non-cotton bedding in all traps to protect against the cold and wet as well as place cedar shingles over the traps to provide shade against the sun.  An expected mortality of 5% is estimated, but all possible means will be implemented to reduce this rate. 

Traps will be open continuously once they are set in the field.  They will be checked in the early morning and early evening for four days and five nights.  To mark the individuals in the main study, toe-nail clipping will be used as described in the Wildlife Techniques manual (1971).  This method was chosen due to its cost effectiveness and non-permanence. Other methods such as ear tags or PIT tags are more useful in long-term studies.  We will only be trapping in a given site for four days and five nights.  Thus, the need for more permanent and costly marking techniques is not needed.  Toe-nail clipping is a suitable and reliable technique for a study this brief.  This technique should have no effect on predators.  In a review on marking techniques, it was found that toe-nail clipping is a widely used tool for the marking of small mammals (Murray and Fuller 2000).  All attempts will be made to minimize the effect of the procedure on the animal by minimizing handling time. 

For the aspect of this study that focuses on Uinta ground squirrels, ear tags purchased from National Band and Tag will be used.  This method is needed as the animals will be studied for two months.  The toe-nail clipping method lacks the permanence needed.  Since these animals will be observed for two months, we propose ear-tagging.  This method of marking is safe for the animal, reliable to the researcher and inconspicuous.  The tag represents no danger to carnivores as they frequently eat bone fragments much larger than the tag.  PIT tags were deemed too costly and required more equipment and handling time.  Ear tags are the preferred method in this situation.  Since the animals will need to be identified from observation, Clairol hair dye will be used to give each animal a unique number. This technique was used effectively in observational studies (Slade and Balph 1974) on Uinta ground squirrels and on Townsend’s ground squirrels (Sharpe and Van Horne 1998) with no negative effects on the animals.  These techniques are not expected to have any effect on predators.

NPS assistance

No NPS assistance is expected except for the equipment use described above.

Wilderness “minimum requirement” protocols
N/A

Visitor impacts
Uinta ground squirrel sites chosen will be outside the general view of the public.  The public may see us hiking from the road to the sites.  The equipment will be carried in using typical backpacks thus impact on visitors and wolf watchers will be minimal. Visitors should not be able to see the sites, traps or us as we work on the grids except for those long distance sites in Lamar Valley previously described. 

Megafauna impacts
We will strive to reduce any possible impacts on megafauna.  To promote this we will be in contact with Doug Smith involving wolf disturbance and Kerry Gunther involving bear disturbance.  We will abide by their requests to insure we have minimal impact on megfauna. 

In regards to the potential that bears may work our trap grid, all crew members will carry bear spray and be advised on standard protocols on what to do if a bear is encountered.  We will strive to avoid disturbing megafauna at all times.  Should a bear become a problem at one of our sites we will immediately contact Kerry Gunther and Park rangers for guidance.  Hand-held radios with park frequencies will be used at all times. 
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