Project ID:
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Title: Enhance, protect, and maintain shrubsteppe habitat on the Sagebrush Flat Wildlife Area (SBFWA) 

Section 9 of 10. Project description

a. Abstract 
The 3,487 hectare (8,616 acre) Sagebrush Flat Wildlife Area (SFWA) is located in Douglas County, Washington and is comprised of four disjunct parcels (Units) owned and/or managed by the Washington Department of Fish and Wildlife. The SFWA includes the 1,515 hectare (3,740 acre) Sagebrush Flat Unit, the 130 hectare (320 acre) Dormaier Unit, the 893 hectare (2,206 acre) Chester Butte Unit, and the 951 hectare (2,350 acre) West Foster Creek Unit. The SFWA is predominantly shrubsteppe habitat and was acquired to promote recovery of pygmy rabbits, sage grouse, and sharp-tailed grouse as well as protect/provide habitat for other shrubsteppe obligate species.

Each Unit was acquired and is managed for specific priority species. The Sagebrush Flat, Dormaier, and Chester Butte Units are managed primarily for pygmy rabbits, sage grouse, and mule deer while the West Foster Creek Unit was acquired to protect sharp-tailed grouse, sage grouse, and mule deer habitat. Future habitat enhancement and protection measures include: controlling introduced weedy vegetation, maintaining perimeter fences, seeding native herbaceous vegetation, planting shrubs and trees, thinning decadent, dense sagebrush stands, and enhancing stream riparian habitat and springs. In addition, a cooperative research project conducted by Washington State University (WSU) designed to study the impacts of grazing on pygmy rabbit habitat/endemic populations at Sagebrush Flat will be concluded in 2001.

Planned monitoring activities include vegetation sampling, Habitat Evaluations Procedures (HEP), sage grouse and sharp-tailed grouse lek counts, pygmy rabbit population surveys, neotropical bird surveys, mule deer counts, and hunter harvest bag checks.  Furthermore, considerable effort will be spent on identifying suitable habitat for pygmy rabbit reintroductions.

b. Technical and/or scientific background
The Sagebrush Flat Wildlife Area mitigation project (Figure 1) addresses declining quantity and quality of shrubsteppe habitat and subsequent negative impacts on the distribution and populations of shrubsteppe obligate species such as pygmy rabbits, sharp-tailed grouse, sage grouse, Washington ground squirrels, sage thrashers, sage sparrows, Brewer’s sparrows, loggerhead shrikes, and ferruginous hawks within a portion of the Crab Creek Subbasin (Vander Haegen et al. 2000, WDFW 2000). Many of these species have been adversely impacted by habitat conversion to alternate uses, such as irrigated and dry land agriculture, water conversion to alternate uses, water impoundments associated with dams, and urban/residential development resulting in current distributions that are dramatically reduced from their historic ranges. 
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Figure 1. Location of Sagebrush Flat Wildlife Area Units.

Daubenmire (1970) suggested the vast majority of the Crab Creek Subbasin historically consisted of shrubsteppe habitat (Figure 2).  Changes in the landscape related to habitat conversion that have affected shrubsteppe wildlife include: fragmentation of extant shrubsteppe habitat, loss of deep‑soil communities, and alteration of the vegetation community resulting from grazing by livestock, invasion by exotic plants, and increased fire frequencies (Vander Haegen et al. 2001). The distribution of present day Crab Creek Subbasin cover types is illustrated in Figure 3.
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Figure 2. Historical cover types in the Crab Creek Subbasin.
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Figure 3. Current cover types in the Crab Creek Subbasin

Shrubsteppe (shrubland and grassland cover types) is the dominant habitat type present on the Sagebrush Flat Wildlife Area (WDFW 1998, WDFW 2001).  Cover types and approximate acreages for SFWA management units are listed on Table 1.

Table 1.  Sagebrush Flat Wildlife Area cover types and acreage.

SFWA Management Unit
Cover Type
Acres

Sagebrush Flat
Shrubland
3,410


Grassland
100


Agriculture
230

Total

3,740





Dormaier
Shrubland
320

Total

320





Chester Butte
Shrubland
1,986


Grassland
2


CRP grassland
171


Wet meadow
45


Ephemeral pond
2

Total

2,206





West Foster Creek
Shrubland
1,605


Grassland
647


CRP grassland
59


Riparian
21


Cliff/Talus
11


Agriculture
7

Total

2,350

Sagebrush Flat Wildlife Area management strategies address several key sub-basin landscape scale limiting factors, such as shrubsteppe habitat conversion, degradation, and fragmentation (Hays et al. 1998, Schroeder et al. 2000a), as well as species specific limiting factors.  Management activities that have been implemented to address shrubsteppe habitat conversion and degradation factors include seeding agricultural fields to native-like vegetation, removing livestock and/or modifying grazing operations, protecting and maintaining existing habitat, and controlling introduced vegetation (DNR 1997, WDFW 1998, WDFW 2001). 

Although disjunct, the SFWA Units provide protected “core” habitat areas for many shrubsteppe obligate species (Figure 4). Wildlife/habitat management activities at the SFWA are focused primarily on recovery of pygmy rabbits, sage grouse and sharp-tailed grouse.  The technical and scientific basis for focusing on these species is described in the following paragraphs beginning with pygmy rabbits. 
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Figure 4. SFWA complex excluding the West Foster Creek Unit. 

Pygmy Rabbit

The pygmy rabbit is the smallest rabbit in North America and is endemic to sagebrush-dominated regions of the Great Basin (Weiss and Verts 1984).  It is the only rabbit native to North America that digs its own burrow.  It is also uniquely dependent upon sagebrush, which comprises up to 99% of its winter diet (Green and Flinders 1980).  Its range includes portions of Oregon, California, Nevada, Utah, Idaho, Montana, Wyoming, and Washington.  Washington populations are disjunct from the core of the species’ range, and are thought to have been separated for thousands of years (Grayson 1987).  Paleontological evidence suggests that pygmy rabbits had a broader distribution in Washington 7,000 - 10,000 years ago (Lyman 1991), and has been present in Washington for at least 100,000 years.  More recent distributional shifts may be a result of past climate change that affected sagebrush communities (Butler 1972).  

Museum specimen records and reliable sight records indicate that pygmy rabbits formerly occupied sagebrush habitat in five Washington counties: Benton, Adams, Grant, Lincoln, and Douglas (Figure 5).  Because their preferred deep soil habitat is also prime agricultural habitat, pygmy rabbits have been considered extremely rare in Washington for many years (Dalquest 1948) and were likely negatively affected by agricultural development in the Columbia Basin (Buchner 1953, Maughn and Poelker 1976).  

Intensive surveys in 1987-1988 discovered small colonies of pygmy rabbits at 5 sites in Douglas County (WDFW 1993), 4 colonies were very small (less than 100 active burrows).  The largest colony (Sagebrush Flat) contained an estimate of 588 burrows in 1993.   Gahr (1993) estimated the population at Sagebrush Flats to be less than 150 rabbits.  An additional colony (Beezley Hills) was discovered in 1997.  

The Department of Fish and Wildlife has taken a variety of actions to protect pygmy rabbits and their habitat.  In 1991 the Department provided funds to the University of Washington to support a graduate study of pygmy rabbits (Gahr 1993).  The study determined burrow habitat and use, population densities, home range sizes, and food habits of pygmy rabbits.  WDFW initiated intensive monitoring of the population at the largest colony at Sagebrush Flat in 1995.  It was transferred to WDFW management in 1996.     

WDFW drafted a status review (WDFW 1993), which resulted in listing the pygmy rabbit as a state endangered species, and then developed a recovery plan for pygmy rabbits (McAllister 1995).  The recovery plan outlines needed restoration and recovery efforts, and desired future population levels.  The recovery goals for down-listing pygmy rabbits from State Endangered status includes the establishment of six populations of pygmy rabbits, two with populations of at least 500 individuals, and four with at least 100 rabbits each.  The pygmy rabbit will be considered for de-listing from State Threatened status when the state supports a minimum 5-year average of at least 2,800 adult pygmy rabbits in at least 12 populations; four populations with at least 500 adults each and eight populations with at least 100 adult rabbits each, and habitat security for the 12 populations have been established.
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Figure 5.  Pygmy rabbit distribution in Washington State.

BPA funds provided for fee title purchase of the Burton Draw site in the early 1990's.  At Sagebrush Flat, WDFW purchased grazing sub-leases for a 275 ha (680 ac) portion of the site that had not been grazed since 1957.  Approximately 1,000 ha (2,471 ac) of the Sagebrush Flat site was the subject of a 1993 agreement that outlines grazing management prescriptions and monitoring plans designed to improve range condition and to monitor the pygmy rabbit population.  WDFW purchased a 97 ha (240 ac) parcel adjacent to Sagebrush Flat, and in 1994, began restoration on 39 ha (96 ac) of the site (using BPA funding) that had been in agricultural production.  

Several of the small colonies found in 1988 were extirpated during the 1990's.   During the winter of 1997 - 1998, the number of active burrows of pygmy rabbits counted at Sagebrush Flat declined by approximately ½. The Department initiated predator control in 1998, but the number of active burrows have continued to decline each year.  Less than 50 active burrows have been estimated at Sagebrush Flat from sampling each spring since 1998 (Musser and McCall 2000).   The number of active burrows increases when juvenile rabbits are present; summer 2000 surveys revealed 165 active burrows at Sagebrush Flat. The number of pygmy rabbits represented by each active burrow is unknown.  Sampling during April 2001 has revealed a decline in active burrows at Sagebrush Flat. 

The second-largest population of pygmy rabbits, at Coyote Canyon, experienced a catastrophic fire in 1999.  Only three active burrows remain.  The third and only other known population, at Beezley Hills, experienced a dramatic decline for unknown reasons during the winter of 1999 - 2000.  Only two active burrows have been counted in 2000. Population sizes at all remaining sites indicate high potential for extinction (Gilpin and Soule 1986).   It is possible, if not likely, that the remaining known populations of pygmy rabbits could become extinct any year.   Extant Crab Creek Subbasin pygmy rabbit sites are illustrated in Figure 6.
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Figure 6. Extant Crab Creek Subbasin pygmy rabbit sites.

Following the catastrophic fire in 1999, firebreaks were established at Sagebrush Flats.  The Department also continued habitat monitoring of grazed and un-grazed pastures at Sagebrush Flats.  Both of these projects were funded by BPA.  Evident predation by coyotes noted during surveys at Sagebrush Flat prompted WDFW to initiate a coyote control program in 1999.  

Sharp-tailed Grouse

Sharp-tailed grouse were historically found in shrubsteppe and deciduous shrub habitats throughout eastern Washington, but have declined 94% between 1960 and 2000 (Schroeder et al. 2000). The current population in Washington is estimated to be around 600 and is listed as a threatened species by the state of Washington (Schroeder et al. 2000). Approximately 33% of the remaining birds are found within the Crab Creek Subbasin. The subbasin includes 6 zones designated for recovery of sharp-tailed grouse populations (Hays et al., in prep.). 

Sharp-tailed grouse limiting factors include the lack of and/or availability of shrubsteppe habitat dominated by herbaceous cover (grasses and forbs), the distribution of riparian habitats dominated by deciduous shrubs (winter habitat), and habitat fragmentation. Reduction of riparian forest habitats along the Columbia River as a result of construction of Grand Coulee and Chief Joseph Dams eliminated sharp-tailed grouse wintering habitat (Howerton 1986).

Sage Grouse

Similarly, sage grouse were historically found in shrubsteppe habitats throughout eastern Washington.  Sage grouse populations in Washington declined 77% between 1960 and 1999 (Schroeder et al. 2000a). One of the two remaining populations is centered in Douglas County, within the Crab Creek Subbasin.  The subbasin also includes an additional 5 zones designated for recovery of sage grouse populations (Hays et al., in prep.). The current population in Washington is estimated to be about 1,000 and is listed as a threatened species by the state of Washington (Schroeder et al. 2000a).

The primary limiting factor is the lack of and/or availability of shrubsteppe habitat with a substantial component of herbaceous cover (grasses and forbs).  The lack of big sagebrush in shrubsteppe habitats may also limit sage grouse in the Crab Creek Subbasin, but to a lesser extent. Habitat enhancement, maintenance, and protection measures that benefit sharp-tailed and sage grouse also benefit other shrubsteppe obligate species, neo-tropical birds, waterfowl, big game, and upland game birds. There are no fish bearing streams, rivers, or lakes on this site. Therefore, fishery resources are not impacted by this project. The Sagebrush Flat Wildlife Area is dedicated in perpetuity to management and protection of shrubsteppe habitat and obligate wildlife species. 

c. Rationale and significance to Regional Programs
The SFWA project is needed to protect Washington’s largest known endangered pygmy rabbit population which has dramatically declined over the past decade, during which time efforts to acquire, protect, and restore habitat have been implemented.   Current numbers of pygmy rabbits have declined to 3 small populations, and WDFW biologists estimate fewer than 100 rabbits remain.   At two of the three remaining populations, there are, perhaps, less than 10 individuals.   Genetic analyses of pygmy rabbits in Montana, Idaho, Oregon, and Washington have confirmed that the Washington population of pygmy rabbit is distinct and isolated from the rest of the species’ range.  Because small populations of rabbits are susceptible to extirpation from severe winter weather and predation, extinction of this unique pygmy rabbit subspecies or race may occur at any time.  

In addition, the SFWA supports WDFW sage grouse recovery efforts in the Crab Creek Subbasin i.e., increase sage grouse populations to viable levels. Sage grouse populations in Washington declined 77% between 1960 and 1999 (Schroeder et al. 2000a). One of the two remaining populations is centered in Douglas County, within the Crab Creek Subbasin.  The subbasin also includes an additional 5 zones designated for recovery of sage grouse populations (Hays et al., in prep.). The current population in Washington is estimated to be about 1,000 and is listed as a threatened species by the state of Washington (Schroeder et al. 2000a). Habitat based limiting factors for sage grouse within the subbasin include availability of shrubsteppe habitat with a substantial component of herbaceous cover (grasses and forbs) and, in some areas, the lack of big sagebrush in shrubsteppe habitats. The Sagebrush Flat Wildlife Area is located in WDFW Sage Grouse Management Zone 2 (Figure 7).
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Figure 7.  WDFW sage grouse management zones.

Similarly, the SFWA mitigation project compliments WDFW’s effort to increase and maintain viable sharp-tailed grouse populations (at least 2,000 grouse) in four management zones within Washington State (WDFW 1995), (Figure 8). Today, sharp-tailed grouse are found in eight relatively small, isolated, subpopulations; one subpopulation is found entirely within the Crab Creek Subbasin (Lincoln County i.e., SLWA project area), and two other subpopulations are on the edge of the subbasin (NW and NE Douglas County).  Subpopulations are separated from adjacent subpopulations by at least 20 km (12.5 mi).  Sharp-tailed grouse are continuing to decline in Washington due to long-term effects of habitat conversion, degradation, fragmentation, and population isolation (Hays et al. 1998, Schroeder et al. 2000). 
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Figure 8. WDFW Sharp-tailed Grouse Management Zones located in Washington State.

The goals and objectives described in the Sagebrush Flat Wildlife Area mitigation project management plan (WDFW 1998) support both WDFW and Crab Creek Subbasin goals and objectives (Table 2)
. 

Table 2. A comparison of WDFW, Crab Creek Subbasin, and SFWA goals and objectives for sharp-tailed grouse, pygmy rabbit, and sage grouse.

WDFW State Goal(s)
Crab Subbasin Goal(s)
SFWA Project Goal(s)

Increase the population size and distribution of sharp-tailed grouse and protect, enhance, and increase shrub/meadow steppe in Washington State.
Recover populations of sharp-tailed grouse in the Crab Creek Subbasin to the level where populations are viable.


Protect and enhance existing habitat conditions for the benefit of resident sharp-tailed grouse and other endemic wildlife species.     

Recover and maintain viable pygmy rabbit populations in Washington State
Recover and maintain a viable pygmy rabbit population in the Crab Creek Subbasin.
Establish and/or maintain two viable populations of pygmy rabbits on the SFWA; one population on the Sagebrush Flat Unit and a second population on the Dormaier/Chester Butte Units.  

Increase the population size and distribution of sage grouse in Washington State.  


Recover populations of sage grouse in the Crab Creek Subbasin to the level where populations are viable.
Recover populations of sage grouse to viable levels on the Sagebrush Flat Wildlife

Protect, enhance, and increase shrubsteppe habitat in Washington State. 
Protect, enhance, and maintain shrubsteppe habitat for sage grouse and other shrubsteppe obligates.  


Protect, enhance, and maintain shrubsteppe habitat for sage grouse and other shrubsteppe obligates.  

Map Priority Habitats and Species (PHS) across the state.
Map and evaluate wildlife use of shrubsteppe/key habitats in the Subbasin.
Map and evaluate wildlife use of shrubsteppe/key habitats on the SFWA.

WDFW State Objective(s)
Crab Subbasin Objective(s)
SFWA Project Objective(s)

Increase the breeding population of sharp-tails from 380 to more than 2,000 distributed throughout four management zones.


Use translocations of sharp-tailed grouse into Washington from populations in other states so that a population of at least 1,000 is supported in the Crab Creek Subbasin by 2010.


Increase the number of sharp-tailed grouse at SFWA to 200 by 2010 (as described in the Chester Butte addendum (unpublished(). 



Protect at least 98,000 acres of high quality, relatively contiguous (<2 mile gaps) habitat that is currently occupied by sharp-tailed grouse.
Improve quantity, quality, and configuration of the shrubsteppe habitat necessary to support a viable population of sharp-tailed grouse by 2010.


Implement habitat management activities and schedules described in the SFWA Management Plan.

Increase the breeding population of sharp-tails in WDFW’s Sharp-tailed Grouse Management Zone 4 to a minimum of 800 grouse.


Conduct research on sharp-tailed grouse through 2005 to monitor population size, determine population viability, and evaluate population responses to habitat alteration


Monitor wildlife and habitat response to protection, maintenance, and enhancement measures annually.

Establish and maintain four pygmy rabbit populations with at least 500 adults each and eight populations with at least 100 adult rabbits each for a minimum 5-year average total of 2,800 pygmy rabbits.
Improve viability of pygmy rabbit populations in Washington, with the majority in the Crab Creek Subbasin.
Protect and increase the remaining pygmy rabbit population on the Sagebrush Flat Unit and vicinity to at least 500 adult rabbits and 100 adult rabbits on the Dormaier/Chesterbutte Units by 2010.

Protect  >16,000 (40,000 acres) of high quality, relatively contiguous sage grouse habitat that is currently occupied.
Improve the quantity, quality, and configuration of shrubsteppe habitat necessary to support a viable population of sage grouse by 2010.
Improve shrubsteppe habitat quality and configuration on the SFWA by 2005 and implement the Sagebrush Flat Wildlife Area Management Plan. 

Increase the breeding population of sage grouse to more than 1,500 distributed throughout six management zones in the state.
Establish a population of at least 1,000 sage grouse by 2010 in the subbasin.
Increase the number of sage grouse to approximately 400 on the SFWA and adjacent area by 2010.

Map Priority Habitats and Species (PHS) in all WDFW Regions.
Map CRP and shrubsteppe habitats and determine wildlife use by end of FY 2004.
Monitored habitat quality and composition and conduct HEP transects as described in the monitoring section. Monitor species response to habitat manipulation/protection measures annually. 

The Sagebrush Flat Wildlife Area was acquired to partially mitigate for losses resulting from construction of Grand Coulee and Chief Joseph Dams.  Sharp-tailed grouse, sage grouse, and mule deer are listed in the loss assessments for both dams (Howerton 1986, Berger, M., and D. Kuehn 1992) and were used as habitat indicator species during the Habitat Evaluation Procedure (HEP) analysis (Berger, Cope 1992). With concurrence from BPA, WDFW also used the pygmy rabbit as a guild indicator species to evaluate shrubsteppe habitat. Shrubsteppe habitat is considered a high priority habitat by both the WDFW and the NWPPC. Funding for the SFWA has been provided by BPA under terms specified in the Washington Agreement (MOA). 

As an ongoing mitigation project, the SFWA project is consistent with the Northwest Power Planning Council’s 2000 Program including, but not limited to the following sections:  Overall Vision (Section III A-1) “Wherever feasible, this program will be accomplished by protecting and restoring the natural ecological functions, habitats, and biological diversity of the Columbia River ecostystem….”, Planning Assumptions (Section III, A-2) “This is a habitat based program, rebuilding healthy, natural producing fish and wildlife populations by protecting, mitigating, and restoring habitats and the biological systems within them…”, Scientific Principles (Section III, B-2) i.e., Principles one through eight, Biological Objectives (Section III, C-1) “Recovery of fish and wildlife affected by the development and operation of the hydro system that are listed under the Endangered Species Act,”  (Section III, C-2a.4) “Develop and implement habitat acquisition and enhancement projects to fully mitigate for identified losses; Coordinate fish and wildlife activities throughout the basin…; maintain existing and created habitat values; and monitor and evaluate habitat and species responses to mitigation actions,” and Wildlife (Section III, D-7) “Complete the current mitigation program for construction and inundation losses and include wildlife mitigation for all operational losses as an integrated part of habitat protection and restoration”. 

d. Relationships to other projects 
The largest known number of pygmy rabbits in the state occupies the Sagebrush Flat Unit. Furthermore, WDFW purchased, with BPA funds, the Chester Butte and West Foster Creek Units in part as potential habitat for pygmy rabbits.  Research on the effects of cattle grazing at Sagebrush Flat is being conducted by WSU on a contract funded by BPA.  WDFW currently funds surveys for pygmy rabbits in many locations in eastern Washington, and funds twice-yearly control of coyotes at Sagebrush Flat.   Annual monitoring of pygmy rabbits at Sagebrush Flat is conducted by WDFW with assistance from volunteers. 

Pygmy rabbits have been the focus of habitat acquisition efforts in Douglas County by WDFW for the past decade, and WDFW has worked with the Natural Resources Conservation District to include sagebrush seeding and planting into the popular Conservation Reserve Program (CRP).  Pygmy rabbits have used CRP lands in Douglas County and establishment of sagebrush on CRP lands is a positive step for many shrub-steppe species beside pygmy rabbits.   Pygmy rabbits have become a focus of land acquisition by The Nature Conservancy and the Bureau of Land Management (BLM), as each has made significant ownership gains in Douglas County.  The Nature Conservancy and the BLM have funded surveys for pygmy rabbits in Douglas County and elsewhere.  
Several population genetics studies on pygmy rabbits have been initiated in the past few years, of which WDFW is either directly responsible for the laboratory work and analyses or has contributed samples and/or funding.  Dr. Kenneth Warheit (WDFW) in collaboration with Dr. James Hallet (Washington State University) has conducted genetic analyses on both nuclear and mitochondrial markers from pygmy rabbits from Washington, Oregon, Idaho, and Montana.  John Tull (Ph.D. candidate from the University of Nevada, Reno) has initiated a study on mitochondrial evolution in pygmy rabbits from throughout their range, and Dr. Lisette Waits (University of Idaho) is establishing protocols for conducting genetics analyses based pygmy rabbit hair and fecal pellets.   
WDFW sponsored surveys for pygmy rabbits in Oregon to obtain genetic samples, which resulted in an increased awareness of declines of pygmy rabbits in Oregon, further surveys, and re-discovery of pygmy rabbits in Oregon.  WDFW and the Oregon Zoo initiated study of husbandry techniques for pygmy rabbits in a project funded by the WDFW, the Oregon Zoo, the Foley-Frischkorn Wildlife and Conservation Fund with field assistance by the Bureau of Land Management and Idaho Department of Fish and Game.  A great deal of pygmy rabbit habitat association research has been conducted at Idaho State University under the direction of Dr. John Laundre, and Dr. Laundre and his students have assisted with the collection of genetic samples in Idaho.

This project is also a component of WDFW’s statewide effort to establish and maintain viable populations of sharp-tailed grouse. The proposed project compliments and supports sharp-tailed grouse and shrubsteppe habitat recovery efforts at the Swanson Lakes Wildlife Area (199106100), Scotch Creek Wildlife Area (199609400) and on the Colville Confederated Tribes (CCT) (199204800, 21034) and Spokane Tribe of Indians (STOI) Reservations. 

WDFW in conjunction with the CCT and STOI is developing strategies to establish and maintain meta sharp-tailed grouse populations within the Crab Creek, Okanogan (Cascade Columbia Province), and Lake Roosevelt (Mountain Columbia Province) subbasins i.e., viable populations at the SLWA, Sagebrush Flats (West Foster Creek Unit), and Scotch Creek Wildlife Areas and CCT and STOI Reservations (Figure 8).  Sharp-tailed grouse are currently present on all areas except the STOI Reservation. The overall vision for this cooperative effort is to share information, conduct joint habitat evaluations and research on sharp-tailed grouse, exchange grouse between isolated populations to increase genetic variability, and to establish new populations to link existing disjunct populations. 

WDFW and the CCT have cooperated on sharp-tailed grouse radio telemetry studies both on and off reservation lands (McDonald 1998). Furthermore, sharp-tailed grouse captured on the CCT reservation have been used to supplement remnant grouse populations at the Scotch Creek Wildlife Area.
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Figure 8. Sharp-tailed grouse cooperative project sites.

Similarly, the SFWA project compliments WDFW efforts to recover sage grouse throughout Washington State specifically supporting sage grouse recovery efforts at:

1. The Swanson Lakes (199106100), Wenas, and Sunnyside Wildlife Areas

2. The US Army Yakima Training Center (YTC)

3. BPA funded Yakama Indian Nation Reservation (YIN) projects

4. The Colville Confederated Tribes Reservation (CCT) (199204800)

e. Project history (for ongoing projects) 

The Sagebrush Flat Wildlife Area was first approved by BPA as a mitigation project (91-061) in 1992 under the title, “Tracy Rock Sharp-tailed Grouse and Douglas County Pygmy Rabbit Site Specific Management Plan” (Berger, Cope 1992). At that juncture, the project was little more than a concept for lands occupied by pygmy rabbits in Douglas County and included property owned by WDFW, DNR, and private parties.  

BPA and WDFW attempted, with minimal success, to purchase and/or secure easements on known occupied pygmy rabbit sites (the 145 ha/360 ac Dormaier Unit was the only parcel purchased-no easements were acquired). Except for completing vegetation, HEP and pygmy rabbit surveys and seeding herbaceous cover on 150 ha (370 ac) of abandoned cropland owned by WDFW, little else occurred until 1997 at which time the Sagebrush Flat Unit was acquired by WDFW from the Washington Department of Natural Resources (DNR) through a Washington Wildlife and Recreation Program (WWRP) grant administered by the Interagency Committee  (IAC) for outdoor recreation. The entire Dormaier
 and Chester Butte
 Units and a portion of the West Foster Creek Unit2 were purchased by BPA (WDFW acquired 152 hectares (376 acres( of the West Foster Creek Unit with WWRP funds in FY 2,000).

The Sagebrush Flat Wildlife Area was established primarily to support recovery of sage grouse, sharp-tailed grouse, and pygmy rabbits.  In addition, mule deer and a host of shrub-steppe obligate species also benefit significantly from habitat protection, maintenance, and enhancement measures already implemented and/or planned for the wildlife area. As described in the Sagebrush Wildlife Area Work Plan (WDFW 1998), most if not all major accomplishments and work activities that have been completed are associated with the Sagebrush Flat Unit and are briefly summarized below.

Over 144 ha (356 ac) of abandoned agriculture land was seeded to native-like herbaceous species for wildlife nesting and hiding cover and forage. In addition, these fields were “contoured” to mimic sites preferred by pygmy rabbits for burrows (Dobler pers. comm. 1996).  Likewise, introduced weedy vegetation has been controlled on 10 ha (25 ac) of shrub-steppe habitat and along 18 ha (11 mi) of roads on and adjacent to the project site.  The SFWA is currently relatively weed free. 

At least 27 km (17 mi) of fire breaks were established and maintained along with “green strip” fire breaks, comprised of crested wheatgrass, in order to protect extremely limited/sensitive pygmy rabbit habitat (a catastrophic wildfire on the Sagebrush Flat Unit would almost ensure extirpation of pygmy rabbits from Washington State). Furthermore, water reservoirs have been constructed to provide water to helicopters and fire crews in the event of a wild fire.

A Cooperative Resource Management Plan (DNR 1997) was developed for the Sagebrush Flat Unit to address the needs and concerns of livestock interests, agencies, landowners, environmental groups, politicians and the general public relative to the needs of pygmy rabbits.  The CRMP allowed for continued livestock grazing leases in conjunction with research on the relationship between grazing and pygmy rabbit habitat, abundance, and distribution.  WDFW initiated vegetation/HEP surveys and monitored burrow activity in order to confirm the presence of pygmy rabbits and to develop population indices.  In 2000, WDFW, using BPA funds, contracted with Washington State University to complete the research project (the WSU study is described in greater detail further in this section).

Additional accomplishments are listed in Part 1. Project expenditures from 1999 through 2001 averaged $147,458/year and included activities primarily associated with the Sagebrush Flat Unit (custodial maintenance activities such as weed control and fence maintenance occurred on the recently acquired Chester Butte and West Foster Creek Units). Future enhancements/accomplishments are briefly described below. Most activities will occur on the Chester Butte and West Foster Creek Units during this funding cycle. WDFW wildlife area staff will accomplish all tasks where feasible (considering cost effectiveness and time constraints).

Enhancements – Chester Butte Unit

Survey boundary: A survey must be performed to establish property lines prior to constructing boundary fence.  WDFW Engineering staff will conduct the survey.

Construct/repair boundary fence: Existing fence is in poor to fair condition.  Approximately 17.6 km (11 mi) needs replacement or major repairs to protect the Unit from trespass livestock grazing and vehicle encroachment.  One mile of the Unit is currently not fenced.  WDFW staff, Washington Conservation Corps members (WCC), and/or contract vendors will construct the fence.
Reseed and control weeds in CRP grasslands: Approximately 20 ha (50 ac) currently need extensive weed control and reseeding within two CRP grassland fields. Large-scale farm equipment, if needed, will be rented from the Wells WA and operated/maintained by WDFW wildlife area staff. Small-scale herbicide application equipment will be purchased to augment existing farm equipment.

Remove interior fences: Over 3.2 km (2 mi) of interior fence are present on the area.  These fences are hazardous to wildlife and hunters alike.  Fence removal will be accomplished by the WCC.

Improve Soil Bank shrubland habitat: Approximately 61 ha (150 ac) of Soil Bank shrubland will be treated, to remove crested wheatgrass and other undesirable vegetation, and then re-seeded to native-like herbaceous cover. Grass and forbs will be planted on the best soils in a mosaic to increase edge effect within the homogenous disturbed shrubland cover type.  Annual weed control measures will be conducted on all seeded sites. To accomplish the enhancements, large scale farming equipment will be rented from the Wells WA and will be operated/maintained by WDFW wildlife area staff.

Improve shrubland habitat: Weed control measures and small-scale herbaceous seedings (< 0.4 ha/1 ac plots) will be implemented on an experimental basis to determine the efficacy of such measures within the shrubland cover type and to determine if cheatgrass and other introduced plant species can be replaced with native herbaceous cover in a practical, cost effective manner.

Monitor wildlife and vegetation response (all Units): Vegetation will be monitored to document changes in habitat quality and composition and HEP transects will be replicated as needed. Likewise, species response to habitat manipulation/protection measures will take place i.e., sage and sharp-tailed grouse lek surveys, shrubsteppe bird transects, big game counts, hunter harvest surveys, and pygmy rabbit population surveys will be conducted (established methods and protocols will be used). 

Construct fire control water storage reservoir: Construct a water storage reservoir in the south half of the Chester Butte Unit in order to provide ground and air fire-fighting units with an on-site source of water. This will reduce fire response time.  Fire is a constant threat to the shrub-steppe ecosystem and in particular to sage grouse and pygmy rabbits that depend exclusively on sagebrush for winter forage (fire is extremely detrimental to sagebrush).

Local fire districts are reluctant to request aerial fire support without having funds allocated to pay for the service.  As a result, fires are allowed to burn from road to road. An established fire protection fund ($30,000) would encourage local fire districts to request aerial support before fires become untenable. This should result in reduced fire suppression response time and more efficient fire control within the entire Sagebrush Flat Wildlife Area.
Post boundary/information signs and install reader boards: This is needed to identify project lands, control access, and educate the public regarding shrub-steppe ecosystem dynamics.

Enhancements – West Foster Creek Unit

Convert 49 ha (120 ac) of former agricultural land to native-like vegetation: Rehabilitate 47 ha (115 ac) of former agricultural fields, currently planted to crested wheat-grass, and 2 ha (5 ac) of former orchard-land to provide higher quality habitat for sharp-tailed grouse and other wildlife.  New seedings will require management for a minimum of two years after planting.  Periodic mowing, spot spraying, re-seeding and/or other manipulation may be necessary to promote and maintain plant vigor, productivity and to suppress weed competition. The orchard irrigation system will allow temporary irrigation of shrub and tree plantings on other parts of the area.

Tree and shrub plantings: Sharp-tailed grouse wintering habitat includes riparian tree and shrub species and is a limiting factor on this unit and the surrounding area.  Trees and shrubs will be established primarily along the seven miles of streams located on the unit.  Species to be used will include native shrubs and trees adapted to this region such as choke cherry (Prunus virginiana), serviceberry (Amelanchier alnifolia), red-osier dogwood (Cornus stolonifera), wood rose (rosa spp.), elderberry (Sambucus spp.), water birch (Betula occidentalis), quaking aspen (Populus tremuloides), black cottonwood (Populus Trichocarpa) and willow (Salix spp.).  These plantings, dispersed throughout the area, will not only provide critical habitat for sharp-tailed grouse and other wildlife but will also stabilize stream banks.  

Stream bed restoration.  The Unit’s stream corridor is presently in a highly degraded condition.  In some locations the streambed is entrenched as much as 9 m (30 ft) and has undergone up to 61 m (200 ft) of lateral movement.  In-stream and bank side structures will be built to stop additional erosion/entrenchment and to restore portions of this stream corridor.  These may include rock weirs and vanes, root wad revetments and low dikes.  Sediment deposits and increased sub-irrigation, resulting from this project, will create additional areas suitable for riparian habitat development.

Survey boundary: A survey must be performed to establish property lines prior to constructing boundary fence.  WDFW Engineering staff will conduct the survey.

Boundary fence construction: Construct approximately 10.5 km (6.5 mi) of boundary fence to protect the area from livestock trespass and clearly delineate the units boundary. 

Interior fence removal: Remove several kilometers of fence within the area which are a hazard to the public and to wildlife - specifically deer.  A Washington Conservation Corps or an inmate crew will assist with this project.

Range rehabilitation: To increase the percent coverage of bunchgrasses, areas currently infested with cheatgrass and noxious weeds as well as selected stands of dense sagebrush (>25%) will be treated and seeded to native grasses and forbs.  This will provide higher quality nesting, brood rearing, and cover habitat for sharp-tailed grouse.  Sites within one mile of the leks will have the highest priority for this treatment. 

Exclude cattle from riparian area: Currently 152 ha (376 ac) of the area is grazed.  This portion of the area contains half of the riparian cover type found on the Unit and that has the greatest potential for improvement.  Excluding cattle will allow the vegetation to recover through passive restoration and reduce stream bank erosion.   

Improve shrubland and shrub/grass habitat: Weed control measures and small scale herbaceous seedings (< 0.4 ha/1 ac) along with scattered shrub plantings will be implemented on an experimental basis to determine the efficacy of such measures within these cover types. The objective is to determine if cheatgrass and other introduced plant species can be replaced with native herbaceous cover in a practical, cost effective manner. To further increase the quality and availability of grasses for nesting cover, selected stands of dense sagebrush (>25%) will be treated (either mechanically, chemically or with fire) and seeded to native herbaceous cover. 

Revegetate 38 ha (95 ac) of cropland to native-like bunchgrasses and forbs: To increase the quality and diversity of the bunchgrass component this area will be seeded with a native-like mix of herbaceous grasses and forbs.  The shrub component of the mix will be limited to ensure that the resulting shrub cover is approximately ten percent.  

Post boundary/information signs and install reader boards: This is needed to identify project lands, control access, and educate the public regarding shrub-steppe ecosystem dynamics.

Research

In 1999, WDFW entered into a contract with WSU to complete research initiated by WDFW wildlife biologists as part of a Cooperative Resource Management Plan (CRMP) for Sagebrush Flat (DNR 1997).  CRMP participants include representatives from the National Conservation Resource Service (NRCS), WDFW, DNR, and local cattlemen.  The WSU study and preliminary results are described in the following paragraphs.
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Abstract: Pygmy rabbits (Brachylagus idahoensis) are declining rapidly in Washington State during the last decade, even in the largest remaining population at Sagebrush Flat (SBF).  Several small populations surrounding SBF have gone locally extinct and important shrub-steppe habitat has been reduced by wildfire and development.  

We began fieldwork in summer, 2000, to investigate selected aspects of habitat and population ecology of pygmy rabbits at SBF, with the ultimate goal of supporting WDFW efforts to recover the population from its state-endangered status.  An initial objective of fieldwork was to complete data collection on the plant community, including an evaluation of hypotheses regarding the potential effects of different livestock grazing treatments on rabbit habitat and populations.  We also conducted and repeated intensive surveys for rabbit burrows over the entire SBF project area and collected vegetation and fecal pellet samples for nutritional and food habitat analyses.

The original historical grazing treatments (i.e., two levels of livestock grazing and control sites with no or reduced grazing) are not replicated and prevent a true experimental analysis from being completed.  However, we have performed a variety of post-hoc statistical analyses (i.e., mixed GLM and logistic regression models) on standardized measurements (e.g., canopy cover, density, age of sagebrush) collected for over 60 plant species and 16 vegetative groups within 102 permanent plots on SBF.  Vegetation composition and structure were generally similar (increasing sagebrush; declining forbs and grasses) among years (1996, 2000) and treatments, but significantly more burrows (P <0.0001; Neu goodness of fit) were found in ungrazed areas of SBF.  However, both vegetation patterns and burrow distributions need to be critically evaluated in the spatial context of differing soils and topography and a variety of spatial analyses and statistics will be performed on these data as well.  After completing a burrow survey of 165 burrows in December, we recently discovered that there may be only a few active burrows on SBF.  Consequently, the SBF rabbit population is in serious jeopardy and may not survive much longer if the downward trend continues.  A variety of empirical evidence suggests that predator-prey dynamics in fragmented shrub-steppe habitats (e.g., coyote predation) and disease may be more important than vegetation changes per se and argue for future investigations of the links between habitat structure and population dynamics.
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Introduction

In 1990, the Washington Department of Fish and Wildlife listed the pygmy rabbit as a state threatened species.  Since then, its status has been downgraded to that of a state-endangered species and intensive efforts have been made to locate and monitor the few remaining populations in Washington to better evaluate actions needed to manage existing habitat and meet recovery plan goals.  The largest remaining rabbit population occurs on Sagebrush Flat near Ephrata, Washington, and this area has become a primary focus for conserving this endangered species in the state.

Washington State University completed an agreement with WDFW in fall, 1999, to conduct an investigation of the habitat ecology and status of pygmy rabbits at Sagebrush Flat in eastern Washington.  After completing initial surveys on the study area, we began intensive fieldwork in summer, 2000.  

Because cattle grazing occurs widely across pygmy rabbit range in the western U.S., a better understanding of the ecological implications of grazing is an important factor to consider in future conservation planning.  Consequently, a project to evaluate the potential effects of grazing on SBF was originally conceived as part of the Coordinated Resource Management Plan for SBF.  WDFW and cooperators established permanent sample plots and completed intensive vegetation surveys in 1996 to establish a baseline for future studies of the relationships between grazing and rabbit habitat.  This report summarizes the objectives, project design, and preliminary data analyses conducted to date on the current project to determine the habitat ecology of pygmy rabbits at SBF.

Project Goals

1) Assume WDFW’s responsibilities for collecting and analyzing data on plant communities as identified in the Coordinated Resource Management Plan for SBF, including analyzing the effects of grazing treatments on plant community composition and structure and pygmy rabbit habitat.

2) Provide technical information to support WDFW efforts to manage pygmy rabbits at SBF and implement the Washington State Recovery Plan for the pygmy rabbit by assessing linkages between habitat and population ecology at SBF.

Project Objectives

1) Complete the last scheduled round of data collection on the plant community at SBF, which was started by the Natural Resource Conservation Service (NRCS) and WDFW.

2) Evaluate the resulting plant data sets to determine effects of three management treatments (i.e., two levels of livestock grazing and control sites with no livestock grazing) on plant community composition and structure and pygmy rabbit habitat features.

3) Evaluate and analyze habitat suitability and population viability models to link habitat ecology and population dynamics of pygmy rabbits using both historical and current data generated on the SBF population and vegetative community.

4) Provide analyses of available technical information as needed to support WDFW management efforts at SBF.

Preliminary Results – 2000 Field Season

Prior to the initiation of fieldwork in summer, 2000, we prepared a detailed project work plan for review by WDFW biologists, managers, and other cooperators.  This plan provides information on the overall project design, hypotheses, and procedures used in this study.  To avoid unnecessary redundancy, we reference that report (see “Project Work Plan”) as an attachment and report herein primarily on the results of fieldwork completed to date under that work plan.

Work Completed:

1) During summer and fall, 2000, we repeated data collection on the vegetative community at SBF using the same measurement protocols and permanent sampling plots that were used initially in 1996.  

2) We performed a complete survey for all rabbit burrows on SBF to help determine the status of the population and better understand the results of the WDFW burrow surveys that are conducted annually on a sub-sample of plots.

3) We collected a series of fresh fecal pellets at rabbit burrows as well as samples of fresh sagebrush, all of which were preserved for later analyses of fiber, lignin, protein, and food habits in laboratories at Washington State University.

4) We collected observations and fecal samples of predators at rabbit burrows to provide some descriptive information on the occurrence and activity of predators on SBF.

5) We tested the efficacy of collecting hair and fresh pellet samples to be used in genetic analyses and the potential estimation of genetically effective population size at SBF.  Preliminary genetic analyses were performed at cooperating laboratories.

6) We began initial efforts to collect data to perform a population viability analyses (PVA) on pygmy rabbits at SBF using the best available estimates for critical variables.

Results:

Changes in Vegetative Community – The primary field effort in summer, 2000, centered around duplicating and completing the second round of vegetation measurements on the permanent plots at SBF.  This data collection was completed successfully and the information was entered into SAS data sets for statistical analyses.  

We collected measurements at 103 plots on 60+ plant species in 16 vegetative groups for analysis and comparison of treatment and year effects.  Analyses of the effects of grazing treatments are compromised by the original non-replicated experimental design (i.e., two levels of grazing and a control area) established as part of the Coordinated Resource Management Plan.  In addition, it is apparent that soils and topography may have significant influences on the occurrence, distribution, and structure of plant communities at SBF.  Nonetheless, preliminary statistical analyses fail to demonstrate dramatic differences in the vegetative community among treatments and years.

In addition to our own interpretation of the data set, we consulted with a statistician at WSU before beginning analyses.  We used mixed general linear models (GLM) with appropriate error terms to determine the effects of treatments and years on plant species composition and canopy coverage as well as sagebrush density, age class distribution, and height.  We performed these exploratory analyses on key selected species as well as logical groups of species (e.g., native grasses, native forbs, introduced grasses, etc.).  

Burrow Surveys – After completing the spring and summer vegetation studies as described above, we began a complete survey for rabbit burrows on SBF.  A total of 151 burrows were located of which 31% were active at the time of discovery.  Sign or sightings of cottontail rabbits at pygmy rabbit burrows only occurred occasionally during summer months.  When burrows were rechecked about 28% of them had changed in activity or use status (8% became inactive, 20% of inactive burrows became active).

The burrow search was completed in fall, 2000, with a total of 165 burrows that were rechecked in December for activity status.  The number of active burrows decreased slightly from 31 to 22%.  Use of pygmy rabbit burrows by cottontail rabbits increased in winter to 12% of the burrows.  The remaining 65% of the burrows were inactive.

We performed a preliminary evaluation of burrow occurrence and density on the SBF treatments units to help determine whether rabbit burrows were found in proportion to available habitat.  Overall, treatment units with grazing had fewer burrows than ungrazed units (P <0.0001, Neu goodness of fit), however, burrow density varied widely across SBF, probably in relation to soils and topography.  Consequently, we consider this preliminary result to be suggestive at best and we now will be performing additional analyses of the spatial distribution of burrows using logistic regression and integrating information on soils and topography.  

Recently, a repeat survey of the known burrows at SBF in March 2001, revealed very few (i.e., possibly <10) active pygmy rabbit burrows.  If this result accurately reflects burrow use at this time of the year, then it may indicate a rather serious decline in the SBF rabbit population.  Empirical evidence at revisited burrows suggests that coyote activity has been common, and that several rabbits were taken by coyotes based on evidence from hair swatches.  

Nutritional and Food Habits – During summer, 2000, we collected samples of fresh fecal pellets and potential forage vegetation and preserved these for future analyses (e.g., fiber, lignin, protein, food habits) in laboratories at Washington State University.  An analysis of these materials is now underway to determine whether selected variables vary among treatments units and to describe seasonal variation.

Evaluation of Non-invasive Hair Sampling Techniques – We conducted tests to evaluate whether we could use non-invasive sampling methods to determine estimates of pygmy rabbit populations at SBF without direct trapping and marking of individuals.  We placed specially designed sticky tape at the entrance of burrows in an attempt to pull small hair samples off of the backs of rabbits using the burrows.  This technique proved successful and we preserved the resulting hair samples and submitted them to a genetics laboratory for preliminary analyses of whether sufficient genetic material could be recovered from them to estimate the genetically effective population size (Ne).  Initial results suggest that it is difficult to consistently recover genetic material from these hair samples and that it would be difficult to determine population size via these means.  However, DNA was also recovered from fresh fecal pellets and additional studies are being conducted to determine whether this approach has merit.

Population Viability Analyses – We began work during 2000 to collect all available information on pygmy rabbit reproduction, survival, and population dynamics from previous and current field studies.  We will use this information, coupled with all available data on the SBF rabbit population and habitat, to construct several habitat suitability and population viability models.  These population models may suggest critical parameters (e.g., predation and survival rates) that need to be better quantified to develop habitat and population management plans for both the short and long-term conservation of pygmy rabbits in Washington.

Future Work:

Our investigation is proceeding very close to the work plan that was completed prior to initiation of intensive fieldwork (see Project Work Plan).  However, the recent decline in the number of active burrows at SBF warrants extreme concern over the immediate future and sustainability of this rabbit population and an upcoming meeting has been called by WDFW to discuss what kinds of emergency actions may need to be taken in light of this and other genetic information obtained by WDFW.  However, a variety of empiricical evidence suggests that predator-prey dynamics in fragmented shrub-steppe habitats (e.g., coyote predation) and disease may be more important that vegetation changes per se and argue for future investigations of the links between habitat structure and population dynamics.

Monitoring - Vegetation

The following standardized vegetation/HEP monitoring protocols were developed for use at the SFWA and other WDFW mitigation project sites within appropriate cover types.  As new information becomes available and/or monitoring needs change, the following protocols will be modified to meet the new challenges (may also be modified to compliment study/research vegetation sampling protocols).

Monitoring is a tool for detecting change and identifying problems in the early stages before they become obvious or a crisis.  If detected early, problems can be addressed while cost effective solutions are still available.  For example, an invasive weed species is much easier to eradicate/control at the initial stages than attempting to eradicate it once established.  Monitoring is also critical for measuring management success. Good monitoring can demonstrate that management strategies are working and provide evidence supporting the continuation of management.  Conversely, monitoring can also show a need to change current management strategies.

Monitoring is a key component of “adaptive management,” in which monitoring measures progress towards or away from meeting management goals and objectives and provides evidence to continue or change current management strategies (Ringold et al. 1996).    In practice, most monitoring measures change or condition of the resource whether it is a plant community, or a wildlife species. If objectives are being met, management is considered effective. 
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Figure 9. The adaptive management cycle.  

The adaptive management cycle, illustrated in Figure 9, consists of four basic steps:

1. Resource objectives are developed to describe the desired condition.

2. Management is designed to meet the objectives, or existing management is continued.

3. The response of the resource is monitored to determine if the management objective has been met.

4. Management is adapted (changed) if objectives are not reached.

Monitoring, as part of the adaptive management cycle, has two primary components. The first is that monitoring is driven by management objectives.  What is measured, how it is measured, and how often it is measured are defined by how an objective is described.  The objective describes the desired condition.  Management is designed to meet the objective.  Monitoring is designed to determine if the objective is met.  Objectives form the foundation of the project.  

The second component is that monitoring is only initiated if opportunities for management change exist.  If no alternative management options are available, expending resources to monitor something is almost futile. For example, since vegetation management (with exception of weed control measures) on shallow lithosols soils is impractical, it is not wise to use limited monitoring resources on these areas (this does not preclude general plant community inventories). In such cases, monitoring resources should be directed towards opportunities where management solutions are available.

Measuring change over time is the main characteristic of monitoring, but change can be measured as trend studies, baseline studies, long-term ecological studies, and inventories as well. Monitoring on WDFW Wildlife mitigation projects is tied to management objectives and includes plant community surveys similar to those conducted in conjunction with the baseline HEP analysis. 

WDFW Wildlife Area staff, Vegetation Management Team personnel, and volunteers on a periodic basis will accomplish basic monitoring on mitigation lands (wildlife areas). M&E protocols and techniques are subject to change as new information becomes available. The following four monitoring surveys will be conducted:

1. HEP surveys (five year intervals)

2. General cover type/vegetation surveys (five year intervals)

3. Site specific enhancement and maintenance activity surveys (one to five year intervals)

4. Wildlife species response/trend surveys (one to three year intervals)

Monitoring falls under two general categories i.e., habitat monitoring and resource monitoring. Replicating HEP surveys is an example of habitat monitoring which describes how well an activity meets the objectives or management standards for a particular cover/habitat type. “Optimum” (1.0) habitat suitability for each HEP model variable is the standard against which the effectiveness of management is measured.  

In contrast, resource monitoring focuses on vegetation and/or wildlife and describes some aspect such as height, percent cover, density, frequency, population characteristics, and/or species response. Both general cover type/vegetation surveys and monitoring of site specific enhancement and maintenance activities are examples of resource monitoring.

Wildlife area staff, WDFW wildlife biologists, and volunteers will conduct wildlife population and species response surveys. Monitoring includes both vegetation and wildlife resources. 

Specific Monitoring and Evaluation Protocol tc "CHAPTER VII. B.  Specific Monitoring and Evaluation Protocol " \l 2
The primary concept behind establishing M&E transects is to detect change.  Permanent transects are recommended over temporary transects because the statistical tests for detecting change from one period to the next in permanent sampling units are much more powerful than on temporary sampling units. This advantage usually translates into a reduction in the number of sampling units that need to be sampled to detect a given magnitude of change.  The monitoring and evaluation protocols described below reflect the minimum monitoring necessary to ensure project goals and objectives are being met.  These protocols, developed by Columbia Basin Fish and Wildlife Authority (CBFWA) members will be modified as new techniques are developed. Wildlife area staff and WDFW Vegetation Management Team members will collect additional plant community and wildlife population data as needed.  

Habitat Evaluation Procedures Surveystc "Chapter VII. B1.  Habitat Evaluation Procedures " \l 3
A minimum of 25 percent of the baseline HEP transects, located in areas not directly effected by enhancements or maintenance activities, will be replicated by wildlife area staff every five years to monitor general habitat trends.  At least two baseline transects will be replicated in each cover type. Evaluators will use the same measurement techniques/instruments described within specific HEP models or used on baseline HEP transects to measure habitat variables.  In general, HEP transects in shrub-steppe, riparian, and forested habitats are established as follows:

Transect starting points and azimuths (direction) are randomly selected for each cover type and recorded on data sheets along with transect identification, cover type, HEP Team, and global positioning system (GPS) information.  If possible, transects are established at least 100 meters from ecotones, roads, and other anthropogenic influences.

Transect start and end points are marked with a 36-centimeter (14-inch) long 0.6 centimeter (¼ inch) rebar stake painted fluorescent orange or red.  GPS positions are also taken at both start and end points. If cover types change, either another transect azimuth is randomly selected, or the original azimuth is varied by 45 degrees. The method selected is based on which technique maintains the transect within the cover type.  Compass azimuths (headings) are corrected for local declination.  

Shrubland transects are divided into 30 meter (100 foot) sampling units. Similarly, grassland transects are also divided into 30 meter (100 foot) sampling units (n).  

The process for determining transect length (sample size) varies based on what variable was being measured.  In general, a “running mean” is used to estimate variance on cover pole readings (95% probability of being within ± 10 percent of the true mean). On the other hand, shrub cover sample size is estimated by first tallying total shrub cover within each 30 meter (100 foot) sampling unit and dividing that sum by sample unit length to obtain percent shrub cover per sample unit (i.e., 10 feet of cover/100 feet = 10 percent shrub cover). The standard deviation is then calculated from the percent shrub cover data for each sample unit. The sample size is determined through use of the following equation:

n = t2s2
       B2

where: t = t value at the 95 percent (0.05) confidence interval for the appropriate degrees of freedom (df);   s = standard deviation; and B = bounds (± 10 percent).  The same equation is used to determine sample size for plot frames based on total percent cover for herbaceous species.  

Specific transect establishment protocols are described below. Additional information can be found in Estimating Wildlife Habitat Variables (USFWS 1981).

1. Establish transect starting point 300 feet within cover type (if possible).  Record shrub intercept in 10ths of feet by shrub species for each sampling unit (100 foot segments) for entire transect length. Using a graduated rod, measure shrub height (10ths of feet) at the highest point where shrub foliage/stems intercept transect line.

2. Facing line of travel (transect azimuth), walk on left side of transect line to avoid trampling vegetation on both sides of transect.  Place first rectangular plot frame at the 25 foot mark and at 25 foot intervals thereafter (four per 100 foot sampling unit).  Place the lower right hand corner of the plot frame on the 25 foot interval mark on the right side of the transect line with the long axis of the plot frame perpendicular to the transect line of travel.  Make ocular estimates of: herbaceous cover by plant species, percent of plot comprised of total herbaceous cover, and percent of herbaceous cover composed of grass as described by Daubenmire (1970). 

3. Measure height of herbaceous cover by species in each plot frame with a graduated rod/tape measure (10ths of feet).

4. Take two Robel pole measurements per sampling unit i.e., one at the 50 foot mark and the other at the 100 foot interval.  Four observations are taken and averaged per point to obtain a single visual obstruction reading or VOR (two measurements are taken four meters from the point on the transect line on opposite sides of the cover pole from a height of one meter; two measurements are taken from the point perpendicular to the transect line of travel).

HEP surveys will be conducted within the same general time frame and location as the original baseline transects to ensure results are comparable (the phonological state of key plants are noted on baseline transects and are subsequently used to initiate follow-up transects rather than specific calendar dates). Photo points will be re-photographed and/or established as needed. If time/funding constraints allow, more detailed plant community inventories will be conducted concurrent with collection of HEP variable information.

General Vegetation Monitoring - Shrubland/Grassland Cover Types

Vegetation sampling on shrub-steppe plant communities will focus on detecting changes in frequency of bluebunch wheatgrass, needle-and-thread grass, Idaho fescue, cheatgrass, and knapweed.  Bluebunch wheatgrass, needle-and-thread, and Idaho fescue are native perennial bunchgrasses that are highly susceptible to grazing pressure and competition from non-native plant species. As a result, these species are good indicators of general habitat quality.
  

Likewise, cheatgrass, mustards, Russian thistle, and knapweed are indicators of past/present disturbance. Frequency/percent cover of sagebrush spp. and bitterbrush will also be monitored to assess shrubland habitat quality/trends
 (evaluators should review HEP transect results and/or confer with Vegetation Management Team members prior to modifying the species recommended for frequency monitoring). The rationale for using frequency is explained below.

Percent frequency was selected as the monitoring technique because it is appropriate for any plant species’ growth form. It is appropriate for monitoring some annuals, whose density may vary year to year, but whose spatial arrangement of germination remains fairly stable such as cheatgrass.  Rhizomatous species, especially graminoid species growing with similar vegetation, are often measured by frequency because there is no need to define a sampling unit such as percent cover or density.  Frequency is also a good measure for monitoring invasions of undesirable species as well as increases/decreases in desirable species.  

Another advantage of frequency methods over methods for measuring cover is the longer time window for sampling.  Once plants have germinated, frequency measurements are fairly stable throughout the growing season as compared to cover measurements which can change considerably from week to week as plants grow.  The biggest advantage of frequency methods, however, is that the only decision required by the observer is whether or not a species occurs within the plot.  Technicians can be easily taught to measure frequency with minimal training on methodology and species identification.  If the species is easy to recognize, frequency plots can be evaluated quickly.

Frequency data only provides information on the number of individuals, or the change in that number relative to the size of the plot frame or its subsections. It is a good methodology to determine if a site has more or less plants of a specific species; however, it does not provide other information that may be useful for habitat or plant community characterization (C. Perry, pers. comm. 2000)  

Both spatial distribution and the density of the population also affect frequency Greig- Smith 1983).  Because of this it is difficult to interpret changes biologically since it is not known if a change is due to density, distribution, or both. As a result, frequency data will be augmented with abundance and density information.  

Frequency is a measure dependant upon plot size and shape. Plot size should be such that plants being measured fall between the 20 percent to 80 percent range (Perry, pers. com.). Therefore, the plots used to determine frequency must be identical to compare different studies. Herbaceous cover and frequency data, collected during the HEP baseline analysis, was obtained using the same 0 .5 meter2 rectangular microplot as recommended for use in this M&E protocol.  Frequency data from baseline transects can be used, rather than a pilot study, to estimate M&E transect sample size.  

Transect Procedures

A minimum of two transects will be established for each cover type. Transect locations/start points will be determined using standard procedures (this can be accomplished as a pre-field activity). Transects will be established at least 100 meters from the edge of the cover type and away from roads and other anthropogenic factors (unless the disturbed area is the target site) as follows:

1. Select a random azimuth (direction) from a random numbers table or other suitable device/technique.  Stretch and secure a 100-meter tape along the random azimuth to establish the 100-meter baseline transect (document compass azimuth and declination on transect data sheets). 

2. Document the location of baseline transects with Global Positioning System (GPS) equipment and plot on field maps (record GPS coordinates and other pertinent location information on transect forms).

3. Establish ten perpendicular transects (90 degrees off baseline), 30 meters in length, along the baseline transect (record azimuth on data forms).  The location of the first perpendicular transect is selected at random and placed between 0-10 meters from the start point (0 meter mark). Place the following transects systematically at ten-meter intervals. For example, if the first perpendicular transect is positioned at the 5 meter mark, the second transect is placed at the 15 meter mark, the third at the 25 meter mark and so on until 10 perpendicular transects are established. Permanently mark the start and end points of the baseline and perpendicular transects. 

4. Position ten microplots (0.5 meter2 rectangular microplot) systematically along each perpendicular transect from a random start point. The placement of microplots is determined by selecting a random number between 0 and 3 (the first data collection point for the transect). Starting at the first data collection point, place the microplot at 3 meter intervals along the perpendicular transect until 10 microplot measurements are taken.  For example, if the first data point is 2 meters, the second data point is at 5 meters, the third at 8 meters and so forth  (10 perpendicular transects x 10 microplots = 100 per survey).

5. Photo-document transects.  Take three photographs per transect from transect start point. Position the camera one meter above the ground (use one meter cover board or similar device for camera rest); set 1.5 meter cover board on 10-meter mark of baseline transect along with transect photo board and photograph. Repeat procedure half way between the baseline and first perpendicular transect (45 degrees off baseline). Take the third picture along the first perpendicular transect using the same procedure.  Record camera type, aperture, distance and azimuth to cover board, cover board dimensions, date, time of day, transect/location identification, GPS coordinates, and photographer (cover boards will be supplied by WDFW mitigation staff).

6. Facing towards the end point of the perpendicular transect, data recorders walk on the left side of the transect line, to avoid trampling vegetation, and take measurements on the right side of the transect line. The long axis of the microplot is placed perpendicular to the transect azimuth with the lower right hand corner of the microplot at the data collection point. This procedure is repeated for each perpendicular transect. If possible, microplot data points should be permanently marked.  Transect layout is illustrated in Figure 10 while microplot placement and shrub intercept “point” count intervals are shown in Figure 11.  

[image: image14.wmf]
Figure 10.  Monitoring and evaluation transect layout.

Figure 11. Microplot and shrub “point” placement on perpendicular transects (not to scale).

[image: image15.wmf]Herbaceous vegetation frequency, abundance, and density measures are collected using a 0 .5m 2 rectangular microplot as the sampling unit.  The microplot is divided into 20 percent increments to facilitate collection of abundance and percent cover data (Figure 12). Frequency is determined by simply noting whether or not a given species is rooted within the microplot. For example, if 100 microplots are laid out and species “A” occurs in 25 of the plots, frequency is 25 percent.  

Abundance, ranging from one to five, is the number of 20 percent increments within a microplot a species is rooted in.  An example of an abundance factor of three is illustrated in Figure 13 (count the number of 20 percent increments a species is rooted in, not the number of individual plants).  

Density, in contrast, is the number of individuals of a given species rooted within the entire microplot. Density is divided into 5 classes: Class 1 - 1 to 5 individuals, Class 2 - 6 to 10 individuals, Class 3 - 11 to 15 individuals, Class 4 - 16 to 20 individuals, Class 5 - above 20 individual plants.  Classes may be adjusted based on target species growth form i.e., if the plant species of interest is very small, 20 individuals may not be significant (always document changes to protocols).  Density measurements are most sensitive to changes caused by mortality or recruitment.  Figure 14 depicts a microplot with a density factor of three. 
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Figure 12.  A microplot divided into 20 percent increments. 
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Figure 13. A microplot with an abundance factor of three (plants are rooted in three segments.
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Figure 14.  A microplot with a density class of three (11 to 15 plants per microplot). 

Whether measuring frequency, abundance, or density, plants that are partially rooted both in and outside of the microplot are counted in and out alternately along the boundary i.e., count every other plant. Plant community inventories will be conducted on at least one transect per cover type in conjunction with the M&E microplot surveys if time and funding is available.  In addition to frequency, abundance, and density information, plant inventory data includes species composition, height, and percent cover for each microplot.  

Shrub data collected on each perpendicular transect includes: species, frequency, percent cover, height, and age. Shrub frequency and cover are determined using “point” counts at two meter intervals (systematically) starting at the 2 meter mark on each transect (15 points per transect, or 150 total). The line intercept method is an alternative technique for collecting percent cover for shrubs (this technique will add to the time required to complete each transect, but is hard to beat).

Shrub height is measured at the highest vertical projection a shrub extends directly above the data point.   Shrub age classes are broken down into 5 categories: Young-non flowering/seed bearing (includes seedlings), Mature-generally flowering and/or seed bearing, less than 25% of the plant is dead, Decadent- 25-50% is dead material, Very Decadent- more than 50% is dead, Dead-no living material remains on the shrub.

General Vegetation Monitoring - Forest and Riparian Cover types 

Forest and riparian cover type transects are established as previously described under HEP protocols.  Snag and/or tree basal area information is collected from within 0.04 ha (0.10 ac) circular plots located at 30 meter (100 foot) intervals along each transect.  Tree canopy cover is determined using a GRS densitometer (similar to a moose horn) at 3 meter (10 foot) intervals (10 per 30 meter/100 foot sampling unit; 100 per 300 meter/1,000 foot transect). Diameter breast height (DBH) measurements are taken on forest and riparian forest transects if needed. Due to the linear juxtaposition of most riparian forest areas, 300 meter (1000 foot) line intercept transects will be established for monitoring purposes.  Baseline HEP transects may be replicated instead of establishing new transects.  M&E will occur at five year intervals, or earlier if required.  At least one M&E transect will be established in riparian, riparian forest, and forest cover types and a minimum of two M&E transects will occur on xeric forested sites in each management unit.

In forest and riparian cover types the following habitat attributes will be documented/measured: 

1. Tree stratum: species, percent canopy cover, mean height, number snags 4 inches DBH, mean DBH, basal area, and stems per acre/hectare (on treated sites).

2. Shrub stratum: species, percent cover, and mean height

3. Herbaceous stratum: dominant grass, forb, and weed species, frequency, abundance, density, and/or percent cover. 

Transect procedures

1. Establish random 300 meter (1,000 foot) baseline transects within cover type (ten 30 meter/100 foot sampling units).

A. Measure tree canopy cover at 3 meter (10 foot) increments along transect (identify              species).

B.   Measure tree height of over-story canopy at 30 meter (100 foot) intervals.

C. Take herbaceous vegetation measurements at 7.5 meter (25 foot) intervals with microplot.

D.   Measure/estimate shrub intercept, height, and age class by species.

2. Establish ten 0.04 hectare (0.10 acre) circular plots
 at 30 meter (100 foot) intervals (Figure 15).

A. Count the number of snags ( 10 cm (4 in) DBH.

B. Measure DBH (identify species)

C. Measure basal area

D. Count the number of tree stems per plot on treated sites

Photo-document transects from transect start point.  Photograph along baseline transect as described for shrubland and grassland transects.  If vegetation is too dense, photograph from a point perpendicular to the transect. Mark location with a permanent monument and describe and record GPS coordinates.

Figure 15.  Forest and riparian cover type transect layout

Site Specific Enhancement and Maintenance Activity Monitoring 

Enhancement and operation and maintenance activities are monitored to ensure that management strategies are accomplishing project objectives.  If necessary, adaptive management strategies will be implemented to modify existing enhancement/O&M activities to meet specific objectives.  

Evaluators will follow procedures described in previous sections to establish monitoring transects in shrubland, grassland, forest, and riparian cover types.  Two monitoring transects will be established at each grassland/shrubland enhancement site more than 81 ha (200 ac) in size (if less than 81 ha, only one monitoring site will be established).  A minimum of one monitoring transect will be established in enhanced forest and riparian areas. Roadside weed control projects will be monitored using linear transects with microplots set at three-meter intervals (a minimum of two transects per management unit). 

Enhanced grassland/shrubland cover type vegetation will be monitored at five-year intervals.  Roadside weed control projects will be monitored at two-year intervals.  Weed control monitoring will involve monitoring both desirable and undesirable species.  For example, if an area has diffuse knapweed and the objective is to reduce this and develop a higher quality native plant community, evaluators would monitor both the decline of the knapweed and the increase of a desirable species such as bluebunch wheatgrass (Perry, pers. com. 2000).

Pre-enhancement/maintenance photo-documentation and vegetation surveys will occur where possible. Enhancement/maintenance activity results will be photographed one year after enhancement/maintenance activities are implemented and every two years thereafter (after five years, photographs will be taken at five year intervals for the life of the project).  

Vegetation Monitoring/Sampling Objectives 

As previously stated, monitoring objectives are linked to management objectives.  M&E  focuses on detecting change and determining habitat trends. The following examples illustrate how management objectives, monitoring/sampling objectives, and management response are inter-related to form a comprehensive management plan.  Wildlife managers may modify these examples to fit specific needs and will develop similar objectives as part of general M&E protocols. Habitat variables and suggested measurement techniques are described on Table 3.

Example 1:

Management Objective:
Decrease percent frequency of diffuse knapweed by 50 percent along field roads throughout the project site by the end of FY 2005.

Sampling Objective:
Be 90% certain of detecting a 20% change in frequency of diffuse knapweed with a false change rate of 0.10.

Management Response:
If diffuse knapweed frequency fails to decrease, additional research of potential management options will be initiated and adaptive management strategies will be implemented by end of FY 2006. 

Example 2:

Management Objective:
Maintain mean frequency of bluebunch wheatgrass within the  shrubland cover type on the Roloff Unit within 20% of the 1999 mean frequency (85%) between FY 2000 and FY 2005.

Sampling Objective:
Be 95% certain of detecting a 20% change in frequency of bluebunch wheatgrass with a false change rate of 0.10.

Management Response:
Failure to maintain the minimum frequency will trigger a study examining interactions between “rest” and “disturbance” management regimens, climatic factors, and deer/herbivore grazing in the area; with alternative management measures implemented within four years after the first year the unacceptable level of decline is measured.

Example 3:

Management Objective:

Increase mean stem density and percent cover of quaking aspen and water birch trees by 30% within ephemeral and permanent wetlands on the Roloff Unit by end of FY 2008.

Sampling Objective:

90% certain of detecting a 20% change in stem density and percent cover of aspen and cottonwood trees with a false change rate of 0.10.

Management Response:
Failure to meet the objective will result in more intensive monitoring to determine the cause of the failure, and implementation of adaptive management by end of FY 2010

Example 4:

Management Objective
Restore 80 acres of abandoned cropland to native like shrub-steppe habitat on the Finch Unit by the end of FY 2003.

Sampling Objective:

Establish pre and post photo plots and photo-document at target years 0, 1, 3, 5, 10.  Conduct pre and post planting surveys at target years 0, 1, 5, 10. Conduct weed surveys annually. 

Management Response
Reseed and control weeds as necessary on an annual basis.

Table 3.  Habitat variable measurement techniques for HEP surveys and vegetation monitoring transects.

Variable
Measurement Technique

Percent sagebrush cover (mean)
Line intercept

Mean sagebrush height
Graduated rod/tape measure

Shrub species
Ocular identification

Topography/topographic diversity
Topographic map/GIS map

Aspect
Compass/topographic map

Size of wintering area
Aerial photograph/GIS map

Percent grass cover (includes residual vegetation)
½ square meter rectangle plot frame

(0.5x1.0 meter)

Percent forb cover (includes residual vegetation)
½ square meter rectangle plot frame

(0.5x1.0 meter)

Mean height herbaceous/residual vegetation
Tape measure

Percent shrub cover (mean)
Line intercept

Mean shrub height
Graduated rod/tape measure

Percent slope
Clinometer/topographic map

Visual obstruction reading (VOR) for general area
Robel pole (Robel et al.)

Percent of area with VOR 2 decimeters
Robel pole

Percent herbaceous plant cover 
½ square meter rectangle plot frame

(0.5x1.0 meter)

Percent herbaceous cover composed of grass
½ square meter rectangle plot frame

(0.5x1.0 meter)

Distance to perch sites
Estimated/tape measure

Percent cover preferred/all shrubs 1.5 meters
Line intercept

Number of preferred shrub species
Line intercept/direct count

Presence of agricultural crops
Aerial photographs/direct observation

Road density
Topographic/county maps

Percent evergreen canopy 1.5 meters in height
Line intercept

Vegetation Monitoring Statistics

Background
The following paragraphs are intended to provide a cursory review of the statistical concepts needed to analyze M&E data.  The references and computer software/shareware programs listed at the end of this section provide detailed statistical theory and/or can be used to determine sample size and interpret data.

If management objectives require detecting change from one period to another in some average value such as a mean or proportion, then statistical analysis consists of a significance test, also called a hypothesis test.  This situation occurs in monitoring and involves analysis of two or more samples from the same monitoring site at different times (generally two or more years of data), (BLM 1998).  

The primary question asked is whether or not there has been a true change in the parameter of interest over a particular period of time.  In other words, significance tests are used to assess the probability of an observed difference being real or the result of the random variation that comes from taking different samples to estimate the parameter of interest.  The parameters of interest are usually means and proportions.

A hypothesis is a prerequisite to the use of a significance test.  In monitoring, this hypothesis is usually that no change has occurred in the parameter of interest.  The “no change” hypothesis is known as the “null” hypothesis (HO).  If after applying a significance test the conclusion is that the observed change in a parameter between two or more years is not likely do to stochastic variation, then the null hypothesis is rejected in favor of an alternative hypothesis (HA) i.e., that there has been a change in the parameter of interest (if change is detected it also important to note the direction of change).

To test the null hypothesis the difference between the two sample means must be quantified with a “test statistic” (Glantz 1992). When the test statistic is sufficiently large, the null hypothesis of no difference between population means is rejected.  Evaluators specify, in advance, how large the test statistic must be in order to reject or accept the null hypothesis by specifying a critical or threshold significance level (P value).

The P value is the probability of obtaining a value of the test statistic as large or larger than the P value computed for the data when in reality there is no difference between the two populations.  For example, if through the analysis a P value of 0.18 is derived and the chosen test statistic threshold value is 0.20, then we conclude that the true population mean has changed. There is an 18% chance that the conclusion is wrong (that no true change has occurred and that a false change error has been committed).  In contrast, if the P value from the analysis were 0.85, we would conclude the true population mean has not changed, because the calculated value is larger than the threshold P value of 0.20 (there is a possibility that a missed change error has occurred).   Actual data analysis P values should be reported (instead of reporting: P < 0.20, report P = 0.18).

It is recommended that evaluators use a P value of 0.10 or 0.05 for threshold values in this M&E program (evaluators will consult with Vegetation Management Team members before changing the recommendations). Furthermore, evaluators will document the rationale for selecting P values other than 0.10 or 0.05.

Statistical Tests
Significance tests used to analyze data for the differences between the means and proportions of two or more samples are listed on Table 4.   Means include measures such as percent cover, density, and height while proportions refer primarily to frequency measurements. The tests listed in Table 4 are not all inclusive. If used as recommended, however, data analysis will be standardized and consistent between mitigation projects.

Table 4. Significance tests/recommendations for monitoring and evaluation data analysis. 

Significance Test
Analyzes:
Used to Analyze:
Recommended for use:


Means
Proportions



One-tailed t test
Yes
No
Independent samples
Limited

Two sample t test
 Yes 
No
Independent samples
Yes

Paired t test
Yes
No
Paired samples
Yes

Analysis of variance

Yes
No
Independent samples
Limited

Chi-square test
No
Yes
Independent samples
Yes

McNemar’s test
No
Yes
Paired samples
Yes

Statistical software packages to determine sample size and conduct significance tests are commercially available (Pass 2000, NCSS, Statistix etc.), or through shareware programs such as “STPLAN” at  GOTOBUTTON BM_1_ http://odin.mdacc.tmc.edu/ (click on “Free computer code from the Section of Computer Science,” click on “Software” then go to “STPLAN” and follow instructions).  In addition, both Microsoft and Corel spreadsheets include significance test programs. 

Two excellent hard copy publications that  GOTOBUTTON BM_3_ are readily available are BLM Technical Reference 1730-1, Measuring and Monitoring Plant Populations (copies available from: BLM National Business Center, BC-650B, P.O. Box 25047, Denver, Colorado 80225-0047), and Biostatistical Analysis, 4th edition by J.H. Zar (published by Prentice Hall available through most book stores).

Monitoring – Wildlife

Wildlife monitoring includes sage and sharp-tailed grouse surveys, pygmy rabbit surveys, shrubsteppe bird counts, hunter harvest checks, and pre and post season deer counts. The results of sage and sharp-tailed grouse surveys and pygmy rabbit counts are available at WDFW’s Region II office located in Ephrata, Washington. Wildlife species status information is located on WDFW’s PHS web site at: http://www.wa.gov/wdfw/hab/phspage.htm. Game species status data is available in WDFW’s Game Status Reports (WDFW 2000), which can be reviewed at WDFW Regional Offices. Shrubsteppe bird counts and sharp-tailed grouse lek survey results are described below. Shrubsteppe bird counts were conducted on the SFWA for several years and then discontinued. These surveys will be reinitiated in 2002. 

Shrubsteppe bird surveys at Sagebrush Flats

Shrubsteppe birds were surveyed on the Sagebrush Flats Wildlife Area in 1996, 1997, and 1998 as part of a larger study examining the effects of habitat fragmentation on populations of shrubsteppe-obligate passerines.  Surveys were repeated once each month in April, May, and June.   Birds were counted on 5, fixed-diameter point counts (100m diameter) established 200m apart in a big sagebrush/bunchgrass community.   All birds seen or heard during each 10 minute point-count were tallied by sex and distance from the survey point.   The total  number of birds counted each year across all points is presented by species in Table 5.

Table 5.  Total number of birds counted on point-count surveys at

Sagebrush Flats site, 1996-1998.

Species
1996
1997
1998

American Kestrel
1
0
0

Brown-headed Cowbird
1
5
6

Brewer's Sparrow
80
66
90

Chipping Sparrow
1
0
0

Common Raven
7
0
14

Horned Lark
33
39
51

Killdeer
0
0
1

Mourning Dove
1
0
0

Red-winged blackbird
0
2
0

Ring-necked Pheasant
1
0
3

Sage Sparrow
21
12
32

Sage Thrasher
25
10
31

Vesper Sparrow
15
22
53

White-crowned Sparrow
29
5
0

Western Meadowlark
21
3
26

Sharp-tailed Grouse

Sharptailed grouse leks were monitored on and near the West Foster Creek Unit prior to WDFW’s recent ownership. As in many parts of its range, the abundance and distribution of Columbian sharp-tailed grouse have clearly declined within the state of Washington (Yocom 1952; Buss and Dziedzic 1955; Hays et al. 1998; Schroeder et al. 2000).  In 1998, these declines lead to the state listing of the Columbian sharp-tailed grouse as a threatened species in Washington (Hays et al. 1998).  The long-term decline in the status of sharp-tailed grouse has been attributed to the dramatic alteration of native habitat due to cultivation and degradation (Buss and Dziedzic 1955; McDonald and Reese 1998).  The native habitats include grass-dominated nesting habitat and deciduous shrub-dominated wintering habitat, both of which are critical for sharp-tailed grouse (Giesen and Connelly 1993; Connelly et al. 1998).  Proposed project enhancement activities will address both nesting and winter habitat limiting factors, as described in the Crab Creek Subbasin summary, on the West foster Creek Unit.

Most of the leks that were surveyed between 1954 and 1969, including those on and near what is now the SFWA, were relatively large and opportunistically visited by members of bird-watching organizations and personnel of the Washington Department of Fish and Wildlife (Department of Game at that time).  Surveys of leks prior to 1970 typically consisted of a single count of the birds attending a lek during the breeding season and they did not represent a standardized effort.  The Washington Department of Fish and Wildlife and the Colville Confederated Tribes expanded the surveys between 1970 and 1989, including additional searches for new and/or previously undiscovered leks and multiple ( 2) visits to specific leks.  Between 1990 and 2000 personnel of the Washington Department of Fish and Wildlife, The Colville Confederated Tribes, and The Nature Conservancy attempted to visit all sharp-tailed grouse leks in Washington on  2 occasions.

Attendance numbers for lek complexes were analyzed by using the highest number of birds observed on a single day for each lek complex for each year. Average attendance at all lek complexes was used as a method to evaluate annual population change and to provide a technique for comparing populations of sharp-tailed grouse in Washington with populations in other regions (Connelly et al. 1998).  Rates of population change were analyzed by comparing the total number of birds counted at all lek complexes counted in consecutive years; or in 2 cases in the 1960s, 2 year intervals.  Because sampling was occasionally biased by size and accessibility of lek complexes, lek complexes not counted in consecutive years or on both ends of a specific 2 year interval were excluded from the sample for that specific interval. Annual rates of population change were then used to estimate annual spring populations backward between 2000 and 1960.  The 2000 initial population was estimated by multiplying lek attendance numbers for each lek complex by 2; this technique assumes that lek counts include mostly males and that the male:female sex ratio is approximately 1:1 (Hays et al. 1998).

The average maximum count of birds on lek complexes was 9.9 for 744 annual counts between 1960 and 2000.  Counts on lek complexes averaged 9.3 for 21 leks in 2000.  Average attendance at lek complexes between 1960 and 1999 tended to decline at an annual rate of 1.4%.  The 2000 population estimate was 585: 350 at Nespelem; 188 at Swanson Lakes; 60 at Dyre Hill (includes the West Foster Creek Unit); and 106 in the Okanogan River areas (Tunk Valley, Greenaway Spring, Chesaw, Horse Springs Coulee, and Scotch Creek). 

The total number of Columbian sharp-tailed grouse in Washington was estimated to be 585 in 2000, consisting of eight relatively distinct populations.  The distribution of sharp-tailed grouse declined about 97% from historic levels and the overall abundance declined about 94% since 1960; declines in the remaining populations also have been dramatic (73 - 96% since 1970).  
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Figure 16. Lek survey counts for four sharp-tailed grouse populations.

Lek survey counts for four sharp-tailed populations in northeast Washington are compared in Figure 16.  The population decline on the CCT Reservation in 1999 is due to incomplete data for that year. The Dyre Hill population in Figure 16 includes the West Foster Creek Unit of the Sagebrush Flat Wildlife Area. 

Sage grouse were historically found in shrubsteppe habitats throughout eastern Washington.  The current population in Washington is estimated to be around 1000, with about 700 of the birds residing in a contiguous subpopulation in Douglas and Grant counties; almost entirely within the Crab Creek Subbasin (Schroeder et al. 2000a).  An additional subpopulation of 300 birds is found in Yakima and Kittitas counties, approximately 50 km (30 mi) from the Crab Creek population.  The Columbia Basin Irrigation Project in western Grant County separates the 2 populations.  Their populations are continuing to decline in Washington due to long-term effects of habitat conversion, degradation, fragmentation, and population isolation (Hays et al. 1998a, Schroeder et al. 2000a).  Sage grouse in Washington declined 77% between 1960 and 1999 (Schroeder et al. 2000a). 

WDFW wildlife biologists monitor sage grouse lek activity annually. The results of sage grouse lek surveys from leks located on and/or near the SFWA are illustrated in Figure 17.  Sage grouse population estimates are calculated as described for sharp-tailed grouse.
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Figure 17. Sage grouse lek count results for leks located on and/or near the SFWA.

All data, reports, techniques, and methods resulting from monitoring and research will be made available to CBFWA managers, universities, Tribes, state, federal, and local agencies, non government organizations (NGOs), and private citizens via hard copy reports available from WDFW and/or on electronic web pages at WDFW and BPA.

f. Proposal objectives, tasks and methods
The SFWA is an existing BPA mitigation project and has been funded with Washington Agreement MOA funds. Project goals and objectives support Crab Creek Subbasin and WDFW goals and objectives (Table 2). The strategies and tasks, listed below, support the objectives (monitoring methods and planned enhancements are described in Section e: Project History). 

Goal 1:  Establish and maintain a viable sharp-tailed grouse population at the Sagebrush Flat Wildlife Area (West Foster Creek Unit).  

Objective 1:  Conduct research on sharp-tailed grouse on the SFWA through 2005 in conjunction with WDFW’s statewide sharp-tailed grouse research program.

Strategy 1:  Monitor population size, determine population viability, and evaluate population responses to habitat alteration.

Task 1:  Monitor sharp-tailed grouse leks annually (lek surveillance).
Task 2:  Search SFWA and adjacent areas for satellite/new leks annually (site reconnaissance).

Task 3:  Conduct sharp-tailed grouse nesting and brood surveys annually (field surveys and/or radio telemetry).

Task 4:  Correlate population responses to habitat alteration using statistical models including covariance analysis.

Objective 2:  Increase the number of sharp-tailed grouse occupying the SFWA to 200 by 2010. 

Task 1:  Translocate sharp-tailed grouse to the SFWA for genetic augmentation purposes to improve long-term population viability (Augment the SFWA population with Columbian sharp-tailed grouse from southern Idaho, CCT Reservation, or other suitable population).

Task 2:  Monitor and control recreational use of project lands (limit access to Lek and nesting sites in the spring; monitor hunters for evidence of incidental takings; maintain on-site reader boards, signs, and literature to educate the public of sharp-tailed grouse presence and status). 

Goal 2:  Protect, enhance, and maintain shrubsteppe habitat for sharp-tailed grouse and other shrubsteppe obligates at the SFWA.  

Objective 1:  Implement management activities and schedules described in the SFWA Enhancement Plan (WDFW 1998).  

Task 1:  Control introduced vegetation (apply herbicides, use mechanical methods, and introduce biological agents i.e., insects).

Task 2:  Maintain sharp-tailed grouse nesting and brood rearing habitat enhancements (re-seed as necessary, control weeds, monitor vegetation robustness/composition and manipulate habitat, if needed, based on adaptive management principles).

Task 3:  Maintain shrub, tree, and riparian enhancements. 

Task 4:  Maintain boundary fence to protect habitat from trespass livestock grazing and vehicle encroachment. 

Task 5:  Maintain all project related equipment and machinery.

Task 6:  Maintain project infrastructure and physical improvements including roads, signs, culverts, wells, buildings etc., to the extent necessary to implement the management plan. 

Task 7:  Coordinate protection, enhancement, and maintenance activities with BLM, DNR, adjacent landowners, and public interests as required. 

Task 8:  Provide adequate fire protection to include surveillance and fire fighting resources including a fire contingency fund. 

Sagebrush Flat Wildlife Area Pygmy Rabbit Goals, Objectives, and Strategies

Goal 1: Establish and/or maintain two viable disjunct populations of pygmy rabbits on the SFWA; one population on the Sagebrush Flat Unit and a second population on the Dormaier/Chester Butte Units.

Objective 1: Protect and increase the remaining pygmy rabbit population on the Sagebrush Flat Unit and vicinity to at least 500 adult rabbits and 100 adult rabbits on the Dormaier/Chester Butte Units by 2010.

Task 1:  Educate the public regarding pygmy rabbit identification and habitat requirements.
Task 2:  Monitor and conduct research on pygmy rabbit populations, determine population viability, and evaluate population responses to habitat alteration and other management activities.

Task 3:
Manage and improve the quantity, quality, and configuration of shrubsteppe habitat as needed to benefit pygmy rabbits.

Task 4:
Conduct searches on the Dormaier and Chester Butte Units to locate additional pygmy rabbit populations and/or suitable habitat for relocations. 

Task 5:
Augment existing pygmy rabbit populations and establish new populations in suitable habitat through captive rearing or translocations.

Task 6:
Monitor pygmy rabbits returned or released into the wild and evaluate the effectiveness of translocation techniques.

Sage Brush Flat Wildlife Area Sage Grouse Goals and Objectives

Goal 1: Recover populations of sage grouse to viable levels on the Sagebrush Flat Wildlife Area and adjacent lands.

Objective 1: Establish a population of at least 400 sage grouse on the SFWA and adjacent lands by 2010.

Strategy 1:
Base habitat management activities on sage grouse habitat research results and “best science” principles.

Task 1:  Conduct research on sage grouse at the SFWA through 2005 in conjunction with WDFW’s statewide sage grouse research program.

Task 2:  Monitor population size, determine population viability, and evaluate population responses to habitat alteration.

Task 3:  Improve shrubsteppe habitat quality and configuration on the SFWA by 2005.

Methods

Existing wildlife area staff, WDFW biologists, volunteers, and/or contractors will accomplish all tasks.  Standard farming/habitat enhancement practices will be used to complete habitat manipulation activities. Herbicides will be applied in accordance with product label, federal, state, and local guidelines by properly licensed staff. Research and monitoring will follow appropriate protocols (as described in section “e”). Passive restoration will be considered prior to initiating major enhancement activities.

g. Facilities and equipment
The Sagebrush Flat Wildlife Area is equipped with suitable farm equipment including tractors, implements, spray trucks, 4 wheeler ATVs, and vehicles.  In addition, adequate storage and shop facilities are present as is an on-site office and manager’s residence. The shop is equipped with a full compliment of small and medium size hand tools along with power equipment including drill presses and compressors. The office is equipped with necessary computer hardware and software along with email and fax capabilities.  Staffing includes three full time employees and three temporary employees who also work on WDFW’s Wells Wildlife Area. Their respective resumes are included in the “Key Personnel” section.
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Marc Hallet

56 Moe Road

Brewster, WA  98812

(509) 686-4305

Education:


Bachelor of Science in Wildlife Management, 1973

University of California at Humboldt, Arcata, California 

Experience: 

Fish and Wildlife Biologist 3 - Wildlife Area Manager, July 1975 to Present for the Wells, Chelan and Sagebrush Flat Wildlife Areas, Washington State Department of Fish and Wildlife (WDFW), Olympia, Washington.

I manage a 55,000 acre wildlife area for upland game, big game, waterfowl and diversity species.  This includes the following programs and activities:  agricultural developments, shrub and tree planting, wetland management, artificial nesting, bird banding, public use and various other wildlife developments.  My administrative duties include: The supervision of two full time and three seasonal employees, writing required plans and reports, writing, managing, and implementing three budgets, monitoring wildlife and public use, writing and managing land leases.  I enforce Wildlife and lands regulations and maintain an enforcement commission.

Wildlife Recreation Area Assistant 2, July 1974 to July 1975

L.T. Murray Wildlife Area, WDFW

Assist in the management of a big game area.  Duties included administering land leases, constructing and maintaining wildlife developments, writing and implementing budgets, and enforcing fish and wildlife regulations.

Wildlife Recreation Area Assistant 1, July 1973 to July 1974

Oak Creek Wildlife Area, WDFW

    
Assist in the management of a big game area, including: establishing perennial and annual cover and food plots, drawing maps from aerial photos, writing a base inventory and winter feeding elk, deer and sheep,

Wildlife Recreation Area Assistant 1, April 1973 to July 1973

Lake Terrell Wildlife Area, WDFW

Assist in the management of a waterfowl area including  farming  grain crops and maintaining wildlife developments and equipment.

DANIEL J. PETERSON

PO Box 159                                                                                                                       Tel.: (509) 686-3318

Bridgeport, WA 98813

EDUCATION

University of Wisconsin-Stevens Point                                                                                      December 1989

Stevens Point, Wisconsin

Bachelor of Science

EXPERIENCE

Wildlife Biologist II, Washington Department of Fish and Wildlife, March 1999 to Present 

Conduct and implement technical resource assessments and analysis.  Collect and analyze data and conduct habitat, agricultural use, public use and wildlife surveys.   Monitor and evaluate wildlife and habitat management programs. Conduct habitat evaluation procedure (HEP) analysis.  Provide statistical sampling of wildlife habitat data.  Map wildlife area resources and assess habitat suitability for key wildlife species (including sage-grouse, sharp-tailed grouse and pygmy rabbit which are state threatened and endangered species).    Develop, negotiate, administer and monitor agricultural leases and grazing permits and assess associated benefits to wildlife.   Plan, write, negotiate and implement fire protection contracts with County fire districts to protect wildlife area habitats.   Assess, plan, initiate and direct the development and management of the following:  Annual wildlife food plots, woody habitat, range habitat restoration, Wildlife Area infrastructure, ponds, islands, habitat and boundary protection measures, shoreline protection, springs, nesting structures, wildlife feeders, an invasive vegetation management program, perennial herbaceous habitat, fire breaks and a fire control program.

Wildlife Biologist I, Washington Department of Fish and Wildlife, June 1994 to March 1999

Collected radio telemetry data to assess habitat use and productivity of radio marked sage, and sharp-tailed grouse in north-central Washington. Conducted spring lek counts and trapped, banded and attached radio transmitters to birds trapped on display grounds.  Located nesting females and recorded vegetation data using standardized procedures such as Robel height-density pole, cover board and line intercept methods.  Conducted roadside counts for blue grouse in the Wenatchee and Okanogan National Forests, and for upland game birds in Douglas County.  

Biological Technician (Wildlife), U.S. Fish and Wildlife Service, California Condor Recovery Program, April 1992 - May 1994

Monitored daily movements of reintroduced California condors within and around the Los Padres National Forest by using radio telemetry, and direct observation.   Trapped, banded, and recorded data from passerines trapped in mist nets as part of a Monitoring Avian Productivity and Survivorship (MAPS) sponsored study.  Trapped and banded waterfowl in Alberta, Canada as part of a Fish and Wildlife Service detail.  Administered a budget of $17,000 for the purchase of fire and safety equipment.  

Research Assistant, Hawk Ridge Research Station, Duluth, MN, September 1991-November 1991 

Trapped and banded migrating raptors by using mist nets and bow nets.  All birds were aged, sexed, and banded prior to release.  Data recorded included; species, sex, age, weight, wing and tail measurements.  Sex and age were determined by feather molt and wear as well as by weight.

Conservation Aid II, Missouri Department of Conservation, New Madrid, MO, May 1991-September 1991

Assisted in a study of habitat use and productivity of Mississippi Kites in southeast Missouri.  Trapped birds, recorded data, banded, and attached radio transmitters

Biological Aid, U.S. Fish and Wildlife Service, Kenmare, ND, April 1990-October 1990

Collected and analyzed from permanent wetlands to assess water quality on refuge.  Conducted nest searches for all raptors and corvids present on the refuge.  Located piping plover (an endangered species) nests, and nest scrapes and made return visits to assess success.  

Fidel Rios

P.0. Box 2033

Brewster, Wa  98812

(509) 689-9212

Experience:

Fish and Wildlife Habitat Technician 2, April 1990 to present

Wells Wildlife Area, Washington State Department of Fish and Wildlife

I am the principal assistant on the Wells Wildlife Area.

I implement fish and wildlife enhancement projects on the wildlife area (WA) under the direction of the WA Manager.  I participate in habitat enhancement activities including cultivating, planting, fertilizing, irrigating and spraying agricultural crops, shrubs and trees.  I construct and maintain roads and control weeds.    I operate, maintain and repair an extensive equipment inventory used in wildlife habitat management (including trucks, vehicles, wheel and track tractor, back-hoe, shop tools, mowers, fire pumpers, and an extensive set of tractor implements).  I perform work in a variety of trades (carpentry, plumbing, electrical, welding, mechanical, small engine repair, truck driving and heavy equipment operation) to construct, repair and maintain wildlife and habitat developments including buildings, roadways, fences, islands, ponds, irrigation systems, water cisterns, spring developments and nest structures. I assist the WA Manager in analyzing work, planning, budgeting, keeping records and reporting.   I recommend practical wildlife and habitat management practices (sylvicultural treatments, woody plantings, food plots, erosion control, etc.)  I conduct experiments to develop new and innovative methods to establish wildlife food and cover.  I assist with wildlife surveys and investigate WA related problems.  I contact the public and respond to complaints and requests for information.  I ensure the safe conditions for the public and maintain good public relations.

Education:  

High School Graduation, 1986

Jason P. Thoren

25 Buckingham Alley

Brewster, WA  98812

(509) 686-9875

Experience:

Fish and Wildlife Habitat Technician 1

Wells Wildlife Area, Washington Department of Fish and Wildlife, April 1995 to present (Nine month career seasonal position).

I assist in the management of the Wells Wildlife Area. I implement fish and wildlife enhancement projects on the wildlife area (WA) under the direction of the WA Manager.  I participate in habitat enhancement activities including cultivating, planting, fertilizing, irrigating and spraying agricultural crops, shrubs and trees.  I construct and maintain roads and fences and control weeds.  I operate, maintain and repair an extensive equipment inventory used in wildlife habitat management (including trucks, vehicles, wheel and track tractor, back-hoe, shop tools, mowers, fire pumpers, and an extensive set of tractor implements).  I perform work in a variety of trades (carpentry, plumbing, electrical, welding, mechanical, small engine repair, truck driving and heavy equipment operation) to construct, repair and maintain wildlife and habitat developments including buildings, roadways, fences, islands, ponds, irrigation systems, water cisterns, spring developments and nest structures. I assist the WA Manager in analyzing work, planning, budgeting, keeping records and reporting.   I recommend practical wildlife and habitat management practices (sylvicultural treatments, woody plantings, food plots, erosion control, etc.)  I conduct experiments in growing wildlife food and cover.  I assist in conducting wildlife surveys and investigate WA related problems.  I contact the public and respond to complaints and requests for information.  I ensure the safe conditions for the public and maintain good public relations. 

Education:  High School

Drew Wilson

1920 Emerald Pl.

Wenatchee, WA  98801

(509) 663-1816

Experience:

Fish and Wildlife Habitat Technician 1

Wells Wildlife Area, Washington Department of Fish and Wildlife, April 2000 to present.

(Seasonal position) 

I assist in the management of the Wells Wildlife Area. I implement fish and wildlife enhancement projects on the wildlife area (WA) under the direction of the WA Manager.  I participate in habitat enhancement activities including cultivating, planting, fertilizing, irrigating and spraying agricultural crops, shrubs and trees.  I construct and maintain roads and fences and control weeds.  I operate, maintain and repair an extensive equipment inventory used in wildlife habitat management (including trucks, vehicles, wheel and track tractor, back-hoe, shop tools, mowers, fire pumpers, and an extensive set of tractor implements).  I perform work in a variety of trades (carpentry, plumbing, electrical, welding, mechanical, small engine repair, truck driving and heavy equipment operation) to construct, repair and maintain wildlife and habitat developments including buildings, roadways, fences, islands, ponds, irrigation systems, water cisterns, spring developments and nest structures.

Education: High School

William F. Glandon

650 Edson St.

Brewster, Wa  98812

(509) 686-7731

Experience:

Equipment Operator, April 2000 to present

Wells Wildlife Area, Washington State Department of Fish and Wildlife

(Seasonal – return from retirement)

Operate equipment relating to various fish and wildlife projects including shrub and tree planting, pond development, firebreak construction and food plot developments.

Fish and Wildlife Habitat Technician 2, 1987 to 2000

Wells Wildlife Area, Washington State Department of Fish and Wildlife

Function as the principal assistant on the Wildlife Area.  I implement fish and wildlife enhancement projects on the wildlife area (WA) under the direction of the WA Manager.  I participate in habitat enhancement activities including cultivating, planting, fertilizing, irrigating and spraying agricultural crops, shrubs and trees.  I construct and maintain roads and control weeds. I operate, maintain and repair an extensive equipment inventory used in wildlife habitat management (including trucks, vehicles, wheel and track tractor, back-hoe, shop tools, mowers, fire pumpers, and an extensive set of tractor implements).  I perform work in a variety of trades (carpentry, plumbing, electrical, welding, mechanical, small engine repair, truck driving and heavy equipment operation) to construct, repair and maintain wildlife and habitat developments including buildings, roadways, fences, islands, ponds, irrigation systems, water cisterns, spring developments and nest structures. I assist the WA Manager in analyzing work, planning, budgeting, keeping records and reporting.   I recommend practical wildlife and habitat management practices (sylvicultural treatments, woody plantings, food plots, erosion control, etc.)  I conduct experiments in growing wildlife food and cover.  I assist in conducting wildlife surveys and investigate WA related problems.  I contact the public and respond to complaints and request for information.  I ensure safe conditions for the public and maintain good public relations.

Additional Experience:

Equipment Operator, Miscellaneous Companies through the Operating Engineer Union, Moses Lake, WA

Maintenance Position, ComSat, Brewster, WA

Equipment Operator, King County, Washington, 1968 to 1978

Operated miscellaneous road equipment.  Supervised the construction of a shop.  Supervised up to 20 employees.
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� The goals and objectives listed in Table 2 are not all inclusive. Additional Objectives, tasks, and strategies are described in section F.


� Purchased in 1995.


� Purchased in 1998.


�It is assumed that if  bluebunch wheatgrass and needle and thread bunchgrasses are well represented within the plant community, general habitat quality and vegetation diversity is good.


�Grass and shrub species recommendations provided by WDFW Vegetation Management Team member Chuck Perry on May 2, 2000.


�Approximately a 37 foot radius.


�	Analysis of variance (ANOVA) is used when three or more years of data is analyzed.
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