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Statement of Work

Introduction

The spatial dynamics of the central Yellowstone bison herd are complex and operate at several spatial and temporal scales.  Historically, the population occupied the Pelican and Hayden grassland-sagebrush valleys of central Yellowstone and was essentially sedentary, living within these valleys year-round.  As the population recovered from near extirpation, per capita resources within these valleys became limited, forcing the population to expand its range westward, down the natural elevational gradient presented by the Nez Perce drainage.  This range expansion, reestablished what appears to be traditional migratory behaviors that existed prior to the severe human exploitation that occurred in the second half of the 19th century.  The timing and extent of the annual seasonal migrations is quite variable from year to year and is believed to be driven by a combination of population size and annual variation in climate.  Climate affects plant productivity in the central Yellowstone valleys during the growing season and snowpack dynamics during the winter period.  Understanding these interactions is important to sound management of the bison population, as it is these mechanisms that influence the propensity for animals to cross the western boundary of the Park into the Hebgen Lake Basin where they are subjected to highly political and controversial control actions to protect livestock from the potential of Brucellosis transmission.

Dr. Garrott and his team of graduate students and technicians have maintained a consistent research presence in the central region of Yellowstone since 1991 and have built an extensive and integrated ecological research program.  During the most recent 6 years of this effort intensive studies of the central Yellowstone bison herd have been incorporated into this program through short-term grants from NPS and USGS.  These initial studies have been continued under several National Science Foundation grants focused on understanding wolf-ungulate interactions in this portion of the Park.  Research efforts have resulted in amassing four very large bison spatial databases :

1. Ground-based Surveys

From the winter of 1996-97 we have conducted comprehensive ground-based surveys of the entire bison range in the Madison-Firehole-Gibbon drainages at 10-14 day intervals (Dec. thru May).  These surveys provide nearly complete enumeration of the Central Yellowstone bison population on the winter range as well as spatial distribution patterns, with the current database containing records on 6,324 bison groups representing 55,626 individuals.  

2. Aerial Surveys
Rigorous aerial surveys have been conducted during both winter and summer periods from 1998-2000 by Steve Hess, a Ph.D. student that has recently completed his dissertation.  These data represent 53 flights totaling 180 hours of effort and have resulted in the mapping and enumeration of 54,724 individuals.  Similar data were also collected monthly from 1997-2001 by NPS biologist John Mack.  He conducted 25 flights totaling 131 hours and produced distributional information on 54,497 bison.  Aerial surveys have continued to date, and the periodicity in the future will replicate recommendations identified by Dr. Hess (four to six times per year).

3. Bison Road-Use 

Starting in the winter of 1997-98, data have been collected on the number, timing, and location of bison groups traveling on the road system within the winter range.  These data were recorded continuously by Dr. Garrott’s field crew when traveling on the road system, with effort averaging 20-24,000 km of road travel during each annual 5-mo field season.  The work was initiated by a M.S. student, Dan Bjornlie, and has been continued after his 2 year tenure by subsequent field crews. The database currently contains records on 1,776 bison groups traveling on the road system, which represent 18,964 individuals.

4. Bison Use of Major Trail Systems

During the 2 years of Dan Bjornlie’s field work (1997-98 and 1998-99) he maintained infrared trail counters linked to cameras on the Mary Mountain and Gneiss Creek trails to enumerate the use of these major routes of ingress and egress of bison on the Madison-Firehole-Gibbon winter range.  During the two winters that these systems were maintained they recorded 6,256 bison passing on the Mary Mountain trail and 7,325 bison passing on the Gneiss Creek trail, providing important insights on the travel routes used by the Central Herd to affect major distributional shifts.

While the bison spatial data are extensive they are of limited utility unless the data can be displayed and analyzed within the context of the dynamic landscape these animals occupy.  As part of the integrated science program, Dr. Fred Watson, Watershed Institute, California State University Monterey Bay, Monterey Bay, CA and members of the MSU team have been working on three initiatives over the past 2 years with support from NASA.  This effort will provide an unparalleled ability to analyze, interpret, display, and integrate the wealth of data about spatial distribution of bison in the central portion of Yellowstone National Park. 

1. Mapping of Areas of Geothermal Influence

The range of the Central Yellowstone bison herd contains the largest concentration of geothermal features in North America and have a strong affect on bison landscape use patterns due to the influence of the heat on snowpack.  To date, the Park has not had a comprehensive map of the geothermal areas. Garrott and Watson are nearing  completion of such a product.  The map is being produced using enhanced TM data that has only recently become available with the launch of new remote sensing satellite technology.  These data are being processed and classified using specialized software developed by Dr. Watson and his remote-sensing experts.  Preliminary maps of geothermal areas have been completed and well received by NPS natural resource specialists. The final product is anticipated by late August 2002.

2. Development of a Spatially-Explicit Snowpack Model

All ecologists familiar with high latitude ecosystems recognize snowpack as a major driver of population and distributional dynamics of large herbivores as well as many other ecological processes in these systems.  Snowpack, however, is extremely variable in both space and time and understanding how snowpack influences large herbivores in the Central Yellowstone system is dependent on understanding the dynamics of the snowpack itself.  Over the past 2 years CSU/MSU has collected a large amount of field data on snowpack that has been incorporated into a mechanistic model that predicts daily changes in snowpack characteristics across the central Yellowstone landscape.  This effort will be continued for at least one more season with the purpose of refining and validating the model. The YNP Bison Ecology and management staff will collaborate to collect the additional snowpack data.

3. Development of Visualization Programs for Integrated Display of Spatial Data

The most ambitious and exciting effort is the development of very sophisticated programs that will allow display of a ‘virtual’ Central Yellowstone landscape that integrates the dynamics of changing landscape features such as snowpack accumulation and melt patterns, plant phenology, and forest succession with animal movement data.  This capability will be particularly striking for understanding, displaying, and communicating the spatial dynamics of the central Yellowstone bison herd due to the dramatic seasonal changes in bison landscape-use patterns and the management controversy when animals cross the western boundary of the Park.  Park resource specialists and administrators have previewed visualizations of the influence of snowpack dynamics on the Madison-Firehole elk herd and were impressed with its potential to communicate very complex ecological processes to a wide range of audiences.  

The teaming of the MSU research crew, supported primarily by National Science Foundation, and the California State University at Monterey Bay research crew, supported by NASA, provides a unique opportunity to dramatically enhance our understanding of the spatial dynamics of the central Yellowstone bison herd.  A better understanding of how and why these animals move about the landscape has important implications for management of this national wildlife treasure.  

Purpose and Need for the Project:

The purpose of this project is to integrate data available from past bison research projects that have identified patterns of spatial distribution exhibited by bison and seek to explore more specifically how bison move across the landscape between areas of high and low occupancy of habitats.  Managers at Yellowstone National Park need to understand these patterns of movement relative to the ecology of the species for implementing the Interagency Bison Management Plan.  An understanding of how and when bison are likely to move through the landscape may help predict when animals are likely to move towards and outside park boundaries.  In addition, understanding movement patterns will provide a mechanism for choosing locations to implement a remote vaccination program that delivers vaccines to a higher proportion of eligible individuals.  Finally, the park needs to understand the physical distribution of bison travel network to objectively compare how it interfaces with human travel networks (primarily the road network used by motor vehicles).  The product of this proposal will provide the park with a powerful data set to educate the staff and visiting public about the ecological dynamics of bison population movements across the landscape of central Yellowstone National Park, and about the relationship between snowpack dynamics and the propensity for animals to wander.  This display of information will be invaluable to park staff trying to inform and interpret the Joint Bison Management Plan.

Several management questions will be addressed by this project:

· What is the probability that bison will move toward and across the west boundary of the park?

· Are there specific constriction points in the landscape that funnel bison travel corridors sufficiently to enable Yellowstone National Park to implement a highly efficient remote vaccination protocol?  The two factors of efficiency would be high probability of most vaccination eligible animals wandering by a select few locations and a short period of time to deploy field technicians delivering vaccines. 
· Can YNP quantify by seasons of the year what percent of bison travel is conducted along roadways?  Likewise, can YNP quantify the percent of the road system that overlaps with the bison travel network?
· Can a system for classifying age and sex composition of the bison population be established along the bison migration corridor using the camera stations established for monitoring group movements?
Project Proposal

This project will continue collecting spatial distribution data in collaboration with the Park’s Bison Ecology and Management staff and initiate collecting data on individual bison movement patterns. Data on bison movement patterns are essential for the integration of current databases and the visualization capabilities that are rapidly developing. In addition, Dr. Watson and his crew will continue refining landscape maps, and developing the snowpack and visualization programs.

Existing databases primarily provide ‘snapshots’ of bison distribution patterns, but we lack adequate data on how changes in bison distribution are occurring.  The current data gaps can be filled by deploying a network of camera monitoring stations to supplement the field population estimates conducted by ground crews.  The camera network will document when and how many bison are moving at each station. 

Field observations by the MSU research crew over the past 11 years suggest that bison have a consistent network of trails that are used for all distributional shifts.  Insights into describing this trail system and the timing and extent of bison use of specific trails can be obtained by instrumenting bison with GPS collars collecting position data at frequent time intervals and by using infrared trail monitor/camera systems.  

The NPS and MSU will collaborate to deploy 15 GPS collars on female bison. Fifteen cow bison annually will be fitted with preprogrammed drop-off GPS collars to obtain detailed data on travel routes of bison between major foraging sites within the central Yellowstone system.  Animals would be immobilized using ground-based darting procedures that have been successful in recent epidemiology studies in the Park.  The collars would be deployed in the fall (September to late October) on animals summering in both the Pelican and Hayden Valleys.  Locations would be collected on these animals for 8-9 months to capture fall migration, movements on the winter range, and spring migration back to the summer range where the collars will be programmed to drop off.  Data will be collected at as frequent an interval as memory and battery life will permit to provide as much detail on travel and movement vectors as possible.  After downloading data from the collars they would be refurbished with new batteries in time to be redeployed prior to the fall migration.  Data would need to be collected for 2-3 years in order to obtain adequate information over a range of winter and summer conditions and population levels.

A network of camera monitoring stations will be redeployed along the Mary Mountain and Gneiss Creek trails.  The existing monitoring units will be adapted for digital cameras and external battery systems that would reduce logistic demands of the current systems for frequent battery and film replacement.  Such an enhancement would allow deployment of monitoring units for longer periods and at more remote sites with minimal interference from the existing intensive winter field studies.  

Accomplishing these tasks and the production of final products would best be performed by a graduate student, providing important training to a young natural resource professional.  The effort would result in a thesis, papers to be submitted for publication in peer-reviewed scientific journals, and video displays of movement dynamics of the central Yellowstone bison herd.  This effort would enhance our understanding of the ecological processes operating in the Park and allow us to communicate this understanding to natural resource professionals, politicians, administrators, and the public.

Task Directive

Task 1 – Complete an approved study proposal.

Develop a complete study proposal that has been peer reviewed and agreed to by the graduate student’s graduate committee and by the Park contact.    

Task 2 - Development of a single bison spatial database

Integrate all of the individual databases that store spatial distribution data about bison in Yellowstone into a single comprehensive and consistent Microsoft Access database that can be queried and displayed using state-of-the-art software programs.  

Task 3 - Deployment and refinement of trail counter/camera systems

Refine the trail monitor technology to incorporate long-lived power systems and digital cameras to enhance intensive data collection of bison use of trails.  Deploy trail monitoring systems for 3 years (2002-03, 2003-04, 2004-05) on major trails used by bison to document major distributional shifts between the central valleys of the Park and the Madison-Firehole winter range, and to the areas outside the Park in the vicinity of West Yellowstone, Montana.  Study the feasibility of using the camera network for collecting classification data about the age and sex composition of the population.

Task 4 – Integrated analysis of bison distribution data 

The very large database on bison distribution patterns that will be constructed during the initial phase of this work will be analyzed to describe distributional shifts that have occurred over the decadal scale as well as seasonal distributional shifts that occur over the scale of weeks and months.  The cause of these shifts in landscape-use patterns are hypothesized to be driven by interactions between density-dependent and density-independent mechanisms, specifically the size of the bison population and climatic factors that affect plant phenology and production during the growing season and snowpack characteristics during the winter.  Develop the additional databases on bison population size, weather variables, and snowpack characteristics to develop statistical models to test the relative magnitude of these hypothesized factors on bison distribution and predict future landscape-use patterns.

Task 5 – Preparation of input files for dynamic visualization of bison movements in Yellowstone

A research team from California State University Monterey Bay lead by Dr. Fred Watson has been working with the MSU research team for 2 years to develop spatial-explicit snowpack models, characterize the landscape attributes of the central Yellowstone region, and integrate animal movement databases with landscape patterns to provide 3-dimensional visualizations of movement patterns of the Madison-Firehole elk herd and Nez Perce wolf pack..  Such visualizations of the distributional dynamics of the central Yellowstone bison population would provide an excellent communication tool for policy and management deliberations and interpretation to the public.  When tasks 1-3 have been completed, prepare all appropriate bison databases in formats that can readily be used by Dr. Watson and his team for producing videos and visualization programs.  Actual production of such products will be dependent on obtaining support for Dr. Watson’s team.  NASA is currently providing most of the resources for the CSUMB effort.

Budget:

Graduate Student Stipend and Tuition – 

       $1625/month (includes MSU fringe) for

12/months/year @ 3 years 
=


$58,500

Equipment and Supplies for Trail Monitoring =


$ 5,000

Subtotal
=
$63,500

RM-CESU fixed indirect cost @ 15% 

=

$  9,525






TOTAL
=

$73,025


MSU and CSUMB would be matching this support with approximately $180,000/year from National Science Foundation and NASA grants.

In-Kind Contributions provided by the Yellowstone National Park Bison Ecology and Management Team.

-  purchase of 15 GPS technology radio transmitters

-  Personnel time to    
+  Assist in capture and monitoring of study animals





+  Assist in downloading camera data at remote sites

+  Collaborate with MSU field team in conducting ground-based population counts

+  Collaborate with CSU team in collecting snowpack data

Schedule:


Project Start:

August 1, 2002

Task 1:


Completed by January 15, 2003

Task 2:


Completed by March 1, 2003





Task 3:


Completed by June 30, 2004

Task 4:


Completed by July 31, 2004

Task 5:


Completed by December 31, 2004

Final Report:

Completed by July 31, 2005

Substantial Involvement: Dr. Garrott has worked closely with NPS staff to develop the outline of the plan; he will make use of data provided by the park for carrying out this work.  The NPS staff at Yellowstone will review the work before completion of the final product.  Dr. Garrott’s direct contact in Yellowstone will be Rick Wallen, Bison Biologist.
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