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a. Abstract

We will evaluate a variety of approaches and techniques for monitoring bats.  In addition, we will determine the effects of multiple stressors on bats including habitat alteration, habitat fragmentation, habitat loss, contaminants, and anthropogenic threats.  We will use radiotelemetry to obtain the necessary information to develop predictive models.  This study will increase biological knowledge of bats useful to wildlife managers, research biologists, and public educators.  Data obtained by monitoring are essential for demonstrating demographic trends.  Through radio-telemetry, we will document survival and habitat use by bats, which will contribute to a better understanding of how research methodology quantifies numbers, demographic parameters, and specific habitat needs.  Finally, information from this study will determine if PIT tags and other markers provide advantages over bands in their application.

b. Technical and/or scientific background

Bats as a group may rank as the most endangered land mammals in the U.S. (Tuttle 1995).  Bats are important to healthy ecosystems partially because they are obligate insectivores and therefore aid in regulating insects.  Yet bats reproduce at a rate of only 1-2 young per year.  For bat populations to remain viable, specific habitat and roosting requirements must be understood and provided.  At present, little is known of the roosting habitat requirements of forest bats.  Populations are susceptible to high mortality rates and low recruitment.  In addition, even though bats are inconspicuous, they are as a group susceptible to a number of threats, especially from human activities that include roost disturbance, direct vandalism, habitat alteration, contaminant production, and habitat fragmentation. 

Large-scale changes—such as habitat fragmentation and artificial conversion of forest types—may negatively impact bat populations by altering roosting and foraging habitat (Carter et al. 1999).  Similarly, abandoned mine closures may impact bat populations by eliminating critical roosting habitat and hibernacula.  In spite of their ecological and economic value, natural history, distribution, roosting preferences and colony locations are unknown for many bat species.  Unlike birds, which have standardized approaches for estimating numbers and recognizing conservation management priorities, researchers lack standardized approaches for estimating density of bats even though the status of bat populations is a direct concern to resource managers and agencies.

In the Clearwater Region of Idaho, numerous abandoned mines provide potential habitat for cave-roosting bats.  These mines occur on lands managed by the Bureau of Land Management, Army Corps of Engineers, Idaho Department of Lands, and U.S. Forest Service.  In addition to the mines themselves, the surrounding land provides foraging habitats for bats, potential watering sites, cliffs for crevice-dwelling species, and snags and other roost sites for forest-dwelling bats.
Modeling the distribution of bat species in Idaho has been hampered primarily by a lack of data on 1) vegetation structure, and 2) basic life history information on bats.  New high-resolution satellite imagery and advanced remote sensing techniques now make it possible to classify vegetation type and structure at a reasonable cost.  Basic life history information on bats in the region is needed not only to model distribution but to identify and evaluate possible threats to bat populations.  Thirteen species of bats are predicted to occur in the Clearwater Region of Idaho (Idaho GAP).  Of these, Townsend’s big-eared bat, Corynorhinus townsendii townsendii is classified as a Species of Concern (formerly Category II [C2]) by the U.S. Fish and Wildlife Service (FWS), Species of Special Concern by the Idaho Department of Fish and Game (IDFG), and is considered a Sensitive Species by the Bureau of Land Management (BLM) and U.S. Forest Service regions 1 and 4 (USFS).  The fringed myotis (Myotis thysanodes) is classified as a Watch species by the U.S. Fish and Wildlife Service, Species of Special Concern by the Idaho Department of Fish and Game, and Sensitive Species by the Bureau of Land Management.  Yuma myotis (Myotis yumanensis), long-eared myotis (Myotis evotis), long-legged myotis (Myotis volans), and western small-footed myotis (Myotis ciliolabrum) are classified as Watch species by the U.S. Fish and Wildlife Service and Sensitive species by the Bureau of Land Management.  California myotis (Myotis californicus) is listed as a Watch Species by the U.S. Fish and Wildlife Service.  Western pipistrelle (Pipistrellus hesperus) is listed as a Species of Special Concern by the Idaho Department of Fish and Game and a Watch species by the U.S. Fish and Wildlife Service.

Many of these taxa were considered candidates for listing in part because of a lack of available information on population status.  Other factors include: low numbers; limited distribution; significant habitat losses; threats to the habitat; numbers are declining so rapidly that federal listing might become necessary; small and widely dispersed populations; and/or inhabiting ecological refugia or other specialized unique habitats.

A number of research priorities for bats were outlined by O’Shea and Bogan (2000).  Many of these can be addressed in this study.  First, this project has the potential to benefit unlisted species by providing the data needed to prevent such taxa from becoming listed in the future.  Second, the long-term effects to bats associated with PIT tags are unknown and further research is needed (O’Shea and Bogan 2000).  Our study would contribute greatly to this problem.  There is a need to experiment with alternative marking techniques such as PIT tags that may provide advantages over bands in their application.  Third, bats are known to switch from one roost to another for a variety of reasons including: predator avoidance, response to a predator encounter or disturbance by the researcher, or changes in internal roost conditions (e.g., temperature or parasite infestations) (O’Shea and Bogan 2000).  Further research is needed to improve our understanding of roost-switching phenomenon in bats and to properly account for it in population monitoring.  Through radio-telemetry, we will be able to document this phenomenon and contribute to a better understanding of which species it is prevalent in as well as to quantify the numbers and types of roosts used.  It will also enable us to determine which species, sexes, and/or age classes use different day roosts than night roosts.  This study will generate a wealth of biological information, including increased knowledge of natural history, ecology, and behavior of bats, useful to wildlife managers, research biologists, educators and can be of interest to the general public.  In addition, data obtained by monitoring are essential for demonstrating demographic trends that are important to conservation.

c. Rationale and significance to Regional Programs

This innovative project will result in methods and approaches useful for predicting risk to wildlife populations as functions of their life history and demographic characteristics, and the characteristics of the stressors and habitats within which they live.  We intend to develop modeling approaches for predicting how multiple stressors in combination affect wildlife population dynamics.  Our proposed research will stress the applicability of methods and approaches to broad classes of wildlife species, in this case bats, which represent a range of life history strategies and susceptibilities to stressors.

d. Relationships to other projects 

The relationships and links between our project and other relevant projects in progress in the Columbia Basin and elsewhere are that a number of bat species are associated with waterways that were impacted by past hydroelectric projects.  Because bats in this region are insectivores, they may serve as important monitors of the overall integrity of these systems.  Our proposed project relates to areas that were affected by the Dworshak Dam for one, and will also document potential contaminants associated with abandoned mines.  The collaborative nature of this project complements other efforts by numerous agencies within the region including the Bureau of Land Management, U.S. Forest Service, Idaho Department of Lands, Idaho Department of Fish and Game, and the Army Corps of Engineers.

e. Proposal objectives, tasks and methods

Objectives
 

1. Evaluate the application of new marking and resighting technology (such as Passive Integrated Transponder [PIT] tags and microtaggants) to bats;

2. Incorporate double-sampling techniques and other means to calibrate indices, and to introduce replication and multiple observers in order to incorporate estimates of variance in exit counts or other counting situations;

3. Develop applications of new technical equipment to assist in estimating numbers of bats;

4. Use infrared or other new technology and multiple observers to calibrate indices based on detection of echolocation calls for estimating abundance of over-dispersed bats;

5. Determine, describe, and recommend scientific goals for future monitoring programs, including possible new and innovative approaches in designs needed to resolve technical challenges in estimating bat population trends; and

6. Develop predictive models to quantify the extent to which multiple stressors (e.g., habitat alteration, habitat fragmentation, habitat loss, contaminants, anthropogenic threats) influence the metapopulation dynamics of mine-dwelling bats. 


Tasks and Methods
 

The sampling frame we are interested in is the Idaho Department of Fish and Game (IDFG) Clearwater Region, which extends approximately from the  St. Joe River to the north, south to the Salmon River, west to the Washington border, and east to the Montana border.  Within this region, we chose three study areas: the Craig Mountain Wildlife Management Area (Game Management Unit [GMU ]11), Elk City (GMU 15), and Dworshak (GMUs 8A and 10A).  We based this decision on the high concentration of mines in each of these areas and the likelihood of being able to trap sufficient numbers of bats at these mines.  These three areas cover 33% of the Clearwater Region of north-central Idaho and encompass a variety of habitats.  Craig Mountain (487,561 acres) is situated on the breaks of the Salmon and Snake Rivers, and is primarily agricultural land, foothills grassland, and upland ponderosa pine (Pinus ponderosa) forests.  Almost entirely on U.S. Forest Service (USFS) land, the Elk City study area (559,833 acres) is primarily mixed mesic forest dominated by grand fir (Abies grandis) and lodgepole pine (Pinus contorta).  The largest study area encompasses 1,463,163 acres and surrounds Dworshak Reservoir.  Vegetation in this area is primarily mixed mesic forest dominated by western red cedar (Thuja plicata), grand fir, and Douglas-fir (Pseudotsuga menziesii) forest types.  We will select random samples of roost sites (i.e., abandoned mines) from within this sampling frame.

From GAP models and known occurrences, we have an idea of the species distributions in the Clearwater Region.  Thirteen species of bats are focal species for the project: pallid bat (Antrozous pallidus), big brown bat (Eptesicus fuscus), silver-haired bat (Lasionycteris noctivagans), hoary bat (Lasiurus cinereus), California myotis (Myotis californicus), western small-footed myotis (Myotis ciliolabrum), long-eared myotis (Myotis evotis), little brown bat (Myotis lucifugus), fringed myotis (Myotis thysanodes), long-legged myotis (Myotis volans), Yuma myotis (Myotis yumanensis), western pipistrelle (Pipistrellus hesperus), and Townsend’s big-eared bat (Corynorhinus townsendii).  Ten of these species represent a conservation concern.  These species also constitute a representative range of different feeding and habitat selection strategies and some have populations of sufficient size to provide reasonable data for region-wide surveys.  In addition, several of these species are known to occupy abandoned mines, either for roost sites or for hibernacula.

We will focus our efforts on mine-dwelling bats. Colonies (i.e., stable, single-species groups of bats that occupy a definable area over a particular time interval and for which population parameters can be defined) may also include small aggregations of bats which might use crevices, snags, trees, buildings, mines, or caves as roost habitat (O’Shea and Bogan 2000).  As recommended by O’shea and Bogan (2000), we will further classify colonies into three size classes: small = <200 individuals; medium = 200-9,999; or large = >10,000 individuals.  We are unlikely to encounter large colonies in our study.  We define population as “a group of organisms of the same species occupying a particular space at a particular time” (Krebs 1994:151).

This year, we have initiated a pilot study to determine the presence and distribution of bats at abandoned mines in the region.  To date, we have documented the presence of five species of bats at abandoned mines in these areas including big brown bat, long-eared myotis, little brown bat, Yuma myotis, and Townsend’s big-eared bat.

All known roosts will be stratified by geographic region, land type, estimated colony size, and proximity to urban areas.  This will not only reduce the variation among roosts and allow for more precise estimates, but will also allow us to maximize changes in population sizes among the strata.  Roosts will then be selected from these known roosts in a random fashion.  Mines will be stratified based on type (e.g., underground, surface-underground, or unknown).

O’Shea and Bogan (2000) suggested that a sample size of 25-30 roosts would likely be sufficient to document changes in many populations over time but that may depend on the size of the sampling frame.  We will incorporate the estimation of sample size requirements and power analysis into our planning efforts (e.g., Gibbs 1995; Eagle et al. 1999). 

Nightly emergence counts will be used to census bats.  We will take all precautions to minimize disturbance and sample biases when censusing bats in roosting situations.  Emergence counts of bats that depart nightly from caves, mines, tree cavities, and buildings are one of the most effective ways to estimate the number of bats occupying such sites (Tuttle 2000).  Moreover, these counts are especially effective for estimating the numbers of bats that roost in inaccessible places, such as mines and caves that may be unsafe to enter, or where entry by one or more observers may cause disturbance to the bats (Tuttle 2000).  Following recommendations by Tuttle (2000), we will make repeated emergence counts over several weeks to establish intra-colony variation in the number of bats present.  If we encounter time constraints, we will use two census periods, one before young are volant (maximum adult population) and another after they become volant (adult and young population).  We will use at least two observers during each emergence count.  Observers will be stationed at specific exits or fields of view, and will be present at their stations before the onset of emergence (at least one hour before nightfall) to ensure that the earliest departing bats are counted.  We will use official sunset charts to estimate initial emergence time.

At small to medium-sized colonies, bats will be counted until no individuals are seen for 15 minutes at any exit.  At large colonies, counts of bats exiting over a long period, yet staying at the roost, may not be efficient.  In these cases, it may be helpful to develop and test a depletion count technique that would allow observers to stop counts when less than a designated proportion of the colony is observed exiting over a 15-minute period (e.g., Tuttle and Taylor 1994, Altenbach 1995, Navo 1995).  We will conduct 2-3 separate counts if variation among nights is expected.  We will use double-blind counts conducted by two independent observers to improve the reliability of the count and to aid in assessing variation between observers.  We will develop a standard from to be used by all field personnel.  Forms will include information such as colony location (including coordinates determined by global positioning systems [GPS]), number and species of bats counted, number of entrances, moon phase, wind speed, date, relative humidity, number and names of observers, sunset, moonrise, noise level, identification technique, counting technique, how multiple exits were accounted for, and a drawing of roost exits.  We will use night-vision equipment and clickers (tally counters) to count colonies.  We will sample all roosts each year for three years.

We will census hibernating bats in mid-winter when the populations are at peak density, and will make only one visit during the course of the 3-year study.  We will minimize the amount of time spent conducting the census to avoid causing bats to arouse.  We will identify each species based on visual assessment, rather than handling each bat, so as to avoid disturbance.

Bats will be captured by suspending small-mesh bat mist-nets over mine entrances.  For mist-netting, we will record the following data: time nets are deployed, duration of deployment, and weather conditions during which the netting is conducted, size of nets used, location of sites, habitat characteristics of the area, ambient conditions (e.g., temperature and humidity).  Each bat will be identified to species, sexed, aged (e.g., juveniles vs. adults) (Anthony 1988), weighed (g), and its reproductive condition assessed.  Young bats can be distinguished from adults by the presence of cartilaginous epiphyseal plates in the finger bones (Andersen 1917, Davis 1963, Cranbrook and Barrett 1965, Stebbings 1968, Barbour and Davis 1969).  This is easily viewed by transilluminating the wing and examining the finger joints.  Lightweight leather gloves will be used when handling larger bats that weight between 10-30 g.

Thirty bats per year will be fitted with Holohil Systems, Ltd. transmitters designed for glue-on application to bats.  The mass of the transmitter and adhesive will be restricted to less than 5% of body mass of the individual bat, hence different transmitters will be used for different species of bats based on weight.  As per recommendations by Dr. R. M. Brigham of the University of Regina, transmitters will be attached to the area between the shoulder blades so that the bats cannot use their hind feet to pull off the tag.  We will use Skin-Bond® (Pfizer Inc.) for the adhesive.  For bats with short fur (e.g., Eptesicus fuscus), transmitters stay on better if the fur is not clipped.  Because several factors contribute to successful attachment (e.g., length of fur, growth rate, oiliness, and geographic location), we will attach several tags with and without clipping fur to see what works best.  We will apply the adhesive using a thin layer on both the transmitter and the bat.  These will be allowed to stand for 5 minutes until the glue bubbles, then the tag will be affixed to the bat and held for an additional 5 minutes.  The bat will be held for an additional 10-30 minutes to make sure that the glue has completely set.

To look at parentage and population structure as well as to assess contaminant levels and evaluate metapopulation dynamics, we will collect blood samples of 50 to 100 µl from at least 30 juvenile and adult bats (per study area per species) by piercing an antebrachial blood vessel or interfemoral vein with a hypodermic needle and collecting blood in a heparinized capillary tube (McCracken 1984, Herd 1983).  Plasma and red blood cells will be separated by centrifugation before freezing and stored separately.  While in the field, we will suspend the blood in a buffer and store it until it can be processed.  Blood cells will be prepared for electrophoresis by diluting (1:1) and thoroughly mixing them with cold deionized water.  Plasma will be used without dilution.  A sample of 50 µl of whole blood is sufficient for 1-2 gels using plasma and 3-4 gels using red blood cells.  Blood samples will be processed in the Genetics Lab at the University of Idaho.

Once a bat has been fitted with a radio-transmitter, we will use radio-telemetry to monitor its activity using Telonics TR-5 Scanner-Receivers in conjunction with directional, hand-held, lightweight, two-element “H antennas.”   We will locate roost sites of radio-tagged individuals.  We will use standardized descriptions of roosting sites (caves, mines).  We will record roost configuration (e.g., location, shape and size of main exit, number of exits, passages, length etc.), qualitative descriptions of nearby vegetation, nearest available water, and selected microclimate variables.  We will rank roost sites in terms of biological or conservation importance.  Ranks will be based on the number of bats present, status of species occupying the cave, species richness, proximity of the roost to threats (e.g., urban areas) and location of the roost in relation to migratory routes.

We will use Passive Integrated Transponder [PIT] tags and readers to mark bats.  This allows for the unique identification of bats.  We will deploy an array of antennae at a number of mine entrances to identify individual bats as they enter and exit the entrance.  Kunz used PIT tags in 7.1 g Myotis lucifugus without noticing any ill effects (O’Shea and Bogan 2000).  The tags weighed about 0.1 g and Kunz has even injected them into pups with no problems so far (3 years).  He found a small amount of migration of the tags from the injection site, but not much.  O’Shea and Bogan (2000) recommend that researchers assess the feasibility of applying new theory in mark-recapture statistics to sampling designs.  Consequently, we will apply the most appropriate statistical sampling and hypothesis-testing approaches in order to provide scientifically meaningful results.

We will standardize monitoring for a particular species with regard to the timing, location, methodology, and data collected.  We will conduct monitoring at a time when the colony size is most stable and most or all of the bats within the colony are exiting the roost.  Maternity roosts are typically stable and will be our highest priority for monitoring.  We will survey maternity colonies in the first week before parturition in order to estimate colony size at its most stable point and greatest size.  Prior to this, we will conduct presurvey captures to determine the reproductive state of the females.  We will attempt to develop a predictive model that would help refine our understanding of the best time to survey (e.g., those from the U.K., A. Walsh pers. comm. to O’Shea and Bogan 2000).

In order to model the distribution of species, the Gap Analysis Project first conducts a thorough literature search to identify important habitat characteristics for each species.  For those species that we have a good baseline of information for, this methodology works well.  However, when information is lacking, such as it is with many bat species, the models often greatly over-predict the species distribution.  By collecting GPS locations of radio-tagged bats and by developing higher resolution vegetation type and structure data, we anticipate creating much more accurate species distribution models.

Knowledge of forest stand characteristics (such as species composition, canopy cover, and structure) is key to monitoring habitat available for many animal species and for making informed forest management decisions.  Yet, these basic characteristics are not well known for much of the vast acreage of Idaho.  Previous attempts to derive forest stand characteristics from remotely sensed data have been somewhat limited by the availability of high spatial and spectral resolution remotely sensed data.  Though these special data types have been available in limited quantities in the past, their prohibitive costs and lack of broad availability has limited their application.  The launching of Landsat-7 ETM+ in 1998 has helped alleviate this problem, making higher resolution (15m) satellite imagery available at a very reasonable cost (only $600 / scene).  A complete coverage of the Clearwater Region in Idaho would require only 3 satellite scenes (P42R27, P42R28, P41R28).

In the 1970s, the U.S. Bureau of Mines (USBM) developed the Mineral Industry Location System (MILS) to describe the location and some basic information about mineral properties.  When the USBM closed in 1996, the database was transferred to the U.S. Geological Survey and updates have not been made since that time.  Although it’s the best database available on mine locations and status, the quality of the MILS data is highly variable primarily due to its dynamic nature.  Until 1996, maintenance of the database was the responsibility of numerous USBM field offices and often updates were limited to fields describing location and commodity.  To compensate for variability in location point quality, the database does contain a precision estimate of the probable error in location.  We obtained this database from the USGS Mineral Resources Spatial Data web page and clipped out mine records occurring in the Clearwater Region of Idaho.  To determine our sampling scheme, we identified underground and surface-underground mines in our three  study areas.  We also identified mines of unknown type in order to evaluate them as potential bat habitat.  We believe the current status of the mine will also be an important variable so we identified current producers, past producers, intermittent producers, and reclaimed mines.  Since cyanide is used in mining for gold and is a possible stressor on bats using abandoned gold mines, we identified the mines in the region that produced gold.  In addition, the USGS evaluated the mines based on known information as to the potential hazard posed to flora and fauna.  We plan to determine whether these rankings reflect possible stressors to bats.

f. Facilities and equipment

The Landscape Dynamics Lab, operated by the Idaho Cooperative Fish and Wildlife Research Unit at the University of Idaho will be used for all GIS general mapping, database building, developing & modeling, classifying, and analyzing.  The Genetics Lab, in the College of Natural Resources at the University of Idaho, will be used for all DNA analysis.  Office space for the graduate student and University Co-PIs will be provided by the Department of Fish and Wildlife Resources, University of Idaho.  State of the art computers and a remote sensing lab are available to this project through the University of Idaho.  The Idaho Department of Fish and Game will provide vehicles, a computer, miscellaneous field equipment, and an office for the principal investigator. 
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Vaughan, N., G. Jones, and S. Harris.  1996.  Effects of sewage effluent on the activity of bats (Chiroptera: Vespertilionidae) foraging along rivers.  Biological Conservation 78:337-343.

Wackenhut, M. C.  1990.  Bat species overwintering in lava-tube caves in Lincoln, Gooding, Blaine, Bingham, and Butte Counties Idaho, with special reference to annual return of banded Plecotus townsendii.  Master’s thesis, Idaho State Univ., Pocatello.

Whitaker, J. O., Jr.  1995.  Food of the big brown bat Eptesicus fuscus from maternity colonies in Indiana and Illinois.  American Midland Naturalist 134:346-360.

Wilson, D. E., F. R. Cole, J. D. Nichols, R. Rudran, and M. S. Foster.  1996.  Measuring and monitoring biological diversity: standard methods for mammals.  Smithsonian Institution Press, Washington, D.C.  409 pp.

Section 4. Key personnel

Rita D. Dixon, Regional Nongame Biologist, Idaho Department of Fish and Game, FTE(80hours). Will act as principal investigator for the project.  Will conduct limited field work, supervise field personnel, and serve as committee member of selected graduate student.  Qualified for the proposed work by years of experience mist-netting, radio-tagging, and conducting field research.  Currently conducting a pilot study to determine the occupancy by bats of abandoned mines.

RESUME

Rita D. Dixon, Regional Nongame Biologist, Idaho Department of Fish and Game, 1540 Warner Ave., Lewiston, ID 83501.  Office Phone: (208) 799-5010; Fax (208) 799-5012

DEGREES EARNED

Ph.D. Candidate, Natural Resources, University of Idaho, Moscow, ID.  [8/96 – present]  Degree expected spring 2001.

M.S. Wildlife Resources, University of Idaho, Moscow, ID.  [8/90 – 12/95] 

B.S. Biology, University of California, Riverside, CA.  [9/77 – 12/79]

A.A. Life Science, San Diego Mesa College, San Diego, CA.  [9/74 – 6/77]

RECENT EMPLOYMENT

Regional Nongame Biologist.  Idaho Department of Fish and Game, Lewiston, ID 83501  [5/00 - present]

Research Associate, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow, ID 83844  [1/99 – present]

Principal Investigator, USDA Forest Service contract #101-ecol-98, Moscow, ID 83843 [3/98 –12/98]

Instructor, Department of Biological Sciences, University of Idaho, Moscow, ID 83844  [1/00 – 5/00]

EXPERTISE

Have planned and conducted extensive research on the density, nesting, roosting, home range, habitat-use, and foraging strategies of White-headed Woodpeckers, Pileated Woodpeckers, Black-backed Woodpeckers and Three-toed Woodpeckers.  Extensive experience with mist-netting, banding, radio-tagging, and radio-telemetry.  Developed suture technique to attach radio-transmitters.  Experience with habitat sampling.  Experienced with mist-netting and handling bats and surveying abandoned mines for bats.

RECENT PUBLICATIONS

Dixon, R. D. and V. A. Saab.  2000.  Black-backed Woodpecker (Picoides arcticus). In The Birds of North America, No. 509 (A. Poole and F. Gill, eds.).  The Birds of North America, Inc., Philadelphia, PA.

Dixon, R. D.  1998.  An assessment of White-headed Woodpeckers in a regional landscape.  USDA Forest Service contract #101-ecol-98, Report.  USDA For. Serv., PNW Res. Sta., Portland, OR.

Garrett, K. L., M. G. Raphael, and R. D. Dixon.  1996.  White-headed Woodpecker (Picoides albolarvatus).  In The Birds of North America, No. 252 (A. Poole and F. Gill, Eds.).  Philadelphia: The Academy of Natural Sciences; Washington, D.C.: The American Ornithologists' Union.

Dixon, R. D.  1995a.  Density, nest-site and roost-site characteristics, home-range, habitat-use, and behavior of White-headed Woodpeckers: Deschutes and Winema National Forests, Oregon.  Oregon Dept. of Fish and Wildlife Nongame Report 93-3-01.  ix + 70pp + 17 tables.

Dixon, R. D.  1995b.  Ecology of White-headed Woodpeckers in the central Oregon Cascades. M.S. thesis, Univ. Idaho, Moscow.

Leona Bomar, Sr. GIS Analyst, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, FTE/(80hours).  Will act as co-principal investigator, assist with study design, conduct limited field work, and oversee all GIS work at Landscape Dynamics Lab.  Qualified for proposed work because of present experience working with Rita Dixon on pilot study of bats as well as extensive experience with GIS.

RESUME

Leona K. Bomar

EDUCATION

M.S. in Wildlife Resources, University of Idaho, Moscow, ID.  [1/98 -present] 

B.S. in Zoology and Marine Biology, Humboldt State University, Arcata, CA.  [8/90 – 5/95]  

WORK EXPERIENCE

Senior GIS Analyst / Lab Manager.  Landscape Dynamics Lab, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow, ID 83844  [11/99 - present] 

Supervisor.  Landbird Monitoring Project, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow, ID 83844  [5/99 – 7/99]

Research Assistant.  Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844  [1/98 - present]

GIS Analyst.  Landscape Dynamics Lab, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow, ID 83844  [8/97 – 11/99]

GIS Analyst.  Idaho Department of Fish and Game, Lewiston, ID 83501 [6/98 – 1/99] 

Research Assistant.  Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844 [9/96 – 11/96]

TEACHING EXPERIENCE

GIS Applications in Natural Resources, University of Idaho, Moscow, ID [Fall 1999]. 

Co-instructed a 6-week course introducing undergraduate and graduate students to ArcView and how to apply GIS in the natural resources.  

Wildland Field Ecology, University of Idaho, Moscow, ID [5/99 – 6/99]


Taught introductory aspects of GPS and GIS during a 2-week field course. 

ARC/VIEW GIS Short Courses, University of Idaho, Moscow, ID [1/99].

Developed and conducted 2 separate 16-hour courses for graduate students, professors, and state agency personnel on how to use ArcView to the advantage of natural resources.

PUBLICATIONS

Karl, J.W., L.K. Bomar, P. J. Heglund, N. M. Wright, J. M. Scott. 2000.  Species commonness and the accuracy of habitat-relationship models. In Press. Predicting Species Occurrences: issues of scale and accuracy.

Ratti, J.T., M. Weinstein, J.M. Scott, P. Avsharian, A. Gillesberg, C.A. Miller, M.M. Szepanski, L.K. Bomar.  1999.  Feasibility Study on the reintroduction of Gray Wolves to the Olympic Peninsula.  US Fish and Wildlife Service, Western Washington Office, Lacey, WA. 359 pp. Online: www.r1.fws.gov/text/wolves.html

Bomar, L.K., J.W. Karl, J.M. Scott, N. Wright, E. Strand.  2000.  Comparison of first and second generation GAP analyses in Idaho.  Nation Gap Analysis Program, San Antonio, TX.

Bomar, L.K., J.W. Karl, J.M. Scott, G. Servheen, D. Davis, W. Melquist.  2000.  Potential management effects on non-game species in the Clearwater Basin, Idaho.  Northwest Section of The Wildlife Society, Post Falls, ID.

Bomar, L.K., E.O. Garton, P. Zager, M. Gratson, J.M. Scott.  2000.  The inherent aggravation of aggregation.  Northwest Section of The Wildlife Society, Post Falls, ID.

Edward O. Garton, Professor, Department of Fish and Wildlife Resources, University of Idaho, FTE/(80hours).  Will lend expertise in statistical sampling and design, analysis of mark-recapture data, and serve as graduate advisor to selected graduate student.

Dan Foster, Chief of Resource Management, Nez Perce National Historical Park, FTE(80hours).  Qualified for proposed work because of extensive experience with bat research in Utah. 

RESUME

Dan A. Foster

Nez Perce National Historical Park

Rt. 1, Box 100

Spalding, Idaho, 83540

(208) 843-2261
dan_foster@nps.gov
Education

B.S., Wildlife Resources and Range Management (12/81), Brigham Young University, Provo, UT

Experience
Nez Perce National Historical Park, Spalding, ID

Chief of Resource Management (3/96-present)

Bryce Canyon National Park, Bryce Canyon, UT

Resource Management Specialist/GIS (6/92-3/96)

Utah Division of Wildlife Resources, Salt Lake City, UT

Utah Wildlife Information Network Program Mgr (Wildlife Biologist) (9/87-6/92)

Utah Division of State Lands and Forestry, Salt Lake City, UT

Royalty Land Specialist (9/84-9/87)

Utah Geological and Mineral Survey, Salt Lake City, UT

Geological Technician III (12/81-9/84). 

Additional Information

· 1999 recipient of NPS Directors Award for Resource Management in a Small Park.

· Nineteen years experience with various Geographic Information Systems platforms, including Arc/Info, ArcView, ERDAS, and GRASS 

Relevant Publications

· Edwards, T.C., Jr., E.T. Deshler, D.A. Foster and G.G. Moisen. 1996. Adequacy of Wildlife Habitat Relation Models for Estimating Spatial Distributions of Terrestrial Vertebrates. Conservation Biology. Vol. 10. No. 1. February 1996. pp 1-9.

· Foster, D.A., L. Grignon, E. Hammer, and B. Warren. 1995. Inventory for Bats in High Plateau Forests of Central and Southern Utah: Northern Arizona University Cooperative Parks Studies Unit.

· Foster, D.A. and R.M. Bryant. 1995. Preliminary Results of Noise Monitoring in Bryce Canyon National Park: Northern Arizona University Cooperative Parks Studies Unit.

· Bryant, R.M., D.A. Foster, L.G. Carter and K.L. Gage. 1995. Historic Perspective of Plague Occurrence in Bryce Canyon National Park. 2 p.

· Foster, D.A. and D.L. Schrupp. 1991. Ecosystem Approach to Wildlife Habitat Mapping: in, Proceedings of the 2nd Annual U.S. Fish and Wildlife Service Geographic Information Systems Workshop. Fort Collins, Colorado. June 10-13, 1991. pp. 107-120.

J. Michael Scott, Professor of Fish and Wildlife Resources; Leader, Idaho Cooperative Fish and Wildlife Research Unit; and Research Biologist, U.S. Geological Survey, FTE(80 hrs).  Extensive experience with diverse monitoring techniques and observer bias.

RESUME

J. MICHAEL SCOTT, Professor of Fish and Wildlife Resources; Leader, Idaho Cooperative Fish and Wildlife Research Unit; and Research Biologist, U.S. Geological Survey

ADDRESS:  Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844-1133 OFFICE PHONE:  (208) 885-6336

EDUCATION:

B.S., Biology, 1966, San Diego State University


M.A., Biology, 1970, San Diego State University


Ph.D., Zoology, 1973, Oregon State University

EXPERIENCE:
1984-86, Project Leader, U.S. Fish and Wildlife Service, Condor Research Center, Ventura, California.

1986-93, Professor of Fish and Wildlife Resources; Leader, Idaho Cooperative Fish and Wildlife Research Unit, U.S. Fish and Wildlife Service, University of Idaho, Moscow, Idaho.

1993-present, Professor of Fish and Wildlife Resources; Leader, Idaho Cooperative Fish and Wildlife Research Unit, U.S. Geological Survey, University of Idaho, Moscow, Idaho.

SCHOLARLY WORK IN PROGRESS:
My current research includes evaluation of methods used to estimate numbers of animals, preserve design at the continental and regional level, determining limiting factors and designing recovery strategies for endangered species, and implementing proactive approaches to protecting biological diversity.

RECENT PUBLICATIONS:

Scott, J.M.  1999.  A representative biological reserves system for the United States Society For Conservation Biology Newsletter 6(2) 1 and 9.

Scott, J.M, E. Norse, H. Arita, A. Dobson, J. Estes, M. Foster, B. Gilbert, D. Jensen, R. Knight, D. Mattson and M. Soule.  1999.  Considering scale in the identification selection and design of biological reserves.  Pp. 19-38. In M. Soule and J. Terborgh (eds).  Continental conservation: scientific foundations of regional reserve networks.  Island Press, Washington D.C.

Scott, J.M., D. Murray, and B. Griffith.  1999.  Lynx re-introduction, Science 286:49-50.

Scott, J.M., F.W. Davis, G. McGhie and C. Groves.  In press.  Biological reserves: Do they capture the full range of America’s biological diversity? Ecological Applications. Scott, J.M.  1999.  Vulnerability of forested ecosystems in the Pacific Northwest to loss of area.  Pp. 33-42.  (J.A. Rochelle, L.A. Lehman, and J. Wisniewski (eds.) Forest Fragmentation Wildlife and Management Implications Brill Boston, Massachusetts.

Scott, J.M., S. Conant and S. C. VanRiper III.  In press.  Status, conservation and management of endemic Hawaiian birds: a vanishing avifauna. Studies in Avian Biology No. 21.

�PAGE \# "'Page: '#'�'"  ��Enter project title from Part 1


�PAGE \# "'Page: '#'�'"  ��Describe the project and work to be accomplished. Specifically, describe how the proposal is innovative. Please limit to 300 words.


�PAGE \# "'Page: '#'�'"  ��Clearly identify the problem your innovative project addresses. Describe the background, history, and location of the problem. Include a scientific literature review that covers the most significant previous work history related to the project, including work of key project personnel on any past or current work similar to the proposal. The purpose of the literature review is to place the proposed research in the larger context of what work has been done, what is known, and what remains to be known. All references should be concisely summarized, cited, and listed in section g below


�PAGE \# "'Page: '#'�'"  ��Describe why your innovative project is needed. Specifically, describe the relation of your proposed project both to regional management objectives and to the goals and objectives of the � HYPERLINK "http://www.nwppc.org/ftpfish.htm#I1" ��1994 Fish and Wildlife Program�, � HYPERLINK "http://www.nwr.noaa.gov/1habcon/habweb/biops.htm" ��NMFS Biological Opinion�, or other plans. Make a convincing case for how the proposed work will further goals of the fish and wildlife program. Relate project objectives and hypotheses as specifically as possible to the fish and wildlife program objectives and measures or to other plans. Show how the proposed work is a logical component of an overall conceptual framework


�PAGE \# "'Page: '#'�'"  ��Describe the relationships and links between your project and other relevant projects in progress in the Columbia Basin and elsewhere. Put your project into the context of other work funded under the fish and wildlife program. Indicate how your proposed project relates to, complements or includes collaborative efforts with other proposed or existing projects, specifically those in your watershed, subbasin and province. If the proposed project requires or includes collaboration with other agencies, organizations or scientists, or any special permitting to accomplish the work, such arrangements should be fully explained. If the relationship with other proposals is unknown or is in conflict with another project, note this and explain why.


�PAGE \# "'Page: '#'�'"  ��e. Proposal objectives, tasks and methods


Present your project’s objectives, tasks, and methods to implement the tasks (use and expand upon the objectives and tasks from the Budget Tables in Part 1, Section 2). Present these in a numbered list; outline and link by objective, task, and method; and group appropriately to avoid redundancy.


�PAGE \# "'Page: '#'�'"  ��List the ultimate goals, visions, or long-term desires for your project (e.g., increase harvest, restore or maintain or protect a certain population, maintain species diversity, etc) and match these with regional management objectives and strategies. In addition, provide objectives that are measurable in biological terms (e.g., harvest rates at 1 fish/angler/day annually, number of redd counts, population targets) and have a time element (e.g., accomplish by August 2002). Research proposals must concisely state the hypotheses and assumptions necessary to test these. Non-research projects must also state their objectives. In addition to the broad goals and biologically measurable objectives of your project, clearly identify any products (reports, structures, etc.) that would result from your efforts, but be sure to describe the purpose that the products are intended to meet


�PAGE \# "'Page: '#'�'"  ��Under each objective, list the tasks and methods that will be used to meet the objective. Describe how the project is to be carried out based on sound scientific principles (this is applicable to all types of projects). Include scope, approach, and detailed methodology. Indicate how the innovative techniques and methods will further the understanding of fish and wildlife ecology, correct a specific problem in the basin, or broaden and better define the spectrum of management options. Concisely summarize the methods here in enough detail to satisfy peer review and cite references


�PAGE \# "'Page: '#'�'"  ��All major facilities and equipment to be used in the project should be described in sufficient detail to show adequacy for the job. For example, the proposal should indicate whether there are suitable (based on contemporary standards) field equipment, vehicles, laboratory and office space and equipment, life support systems for organisms, and computers. Any special or high-cost equipment to be purchased with project funds should be identified and justified. This section should be no longer than a few paragraphs.


�PAGE \# "'Page: '#'�'"  ��If you have key technical documents specifically related to your project that are cited and summarized in the proposal form, you may submit these as background reference material for the peer reviewers. These documents may include project master plans, monitoring and evaluation plans, watershed assessments, and peer-reviewed articles generated from the project. Please note that the ISRP and CBFWA will evaluate your project based on the proposal, so all critical information needs to be provided in the proposal. Simply referencing another document will not suffice. It is not necessary to send in cited material, but if you do, please note it in the right hand column of the reference table. If your document is available on the web (e.g. through BPA) please provide the web address. If not on the web, but you have an electronic copy please provide it by email or disc. If only available in hard copy send that. Send all materials to the same address you send the proposal form.


�PAGE \# "'Page: '#'�'"  ��Include names, titles, FTE/hours, and one-page resumes for key personnel (i.e. principal investigators, project managers, key subcontractors), and describe their duties on the project. Emphasize qualifications for the proposed work. Resumes should include name, degrees earned (with school and date), certification status, current employer, current responsibilities, list of recent previous employment, a paragraph describing expertise, and up to five recent or especially relevant publications or job completions.





17

