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Section 9 of 10. Project description

a. Abstract 
Because raptors occupy the highest trophic level in the food web, factors that limit their populations are reflective of problems affecting entire ecosystems.  In the shrubsteppe ecosystem of the Columbia Basin, the population of ferruginous hawks (Buteo regalis) is Threatened, and the golden eagle is a Candidate for listing.  Both raptor populations are characterized by low nest occupancy and are potentially limited from the loss of shrubsteppe habitats due to increased irrigated agriculture and the decline of associated prey including the Washington ground squirrel (Spermophilus washingtoni) and black-tailed jackrabbit (Lepus californicus).  Research on ferruginous hawks has suggested that decreased prey abundance near nests has the potential to increase flight time to foraging areas, resulting in reduced adult nest attendance, and hence survival of young.  Low occupancy of ferruginous hawks may also be the result of poor winter survival, in part associated with use of rodenticides and organophosphates on wintering areas in California.  Similarly, recent analysis of dead and dying golden eagles in the Columbia Basin suggests lead contaminants may be increasing adult mortality.  It is unknown if golden eagles in Washington reside in the state throughout the year, and what habitat components are limiting on their home ranges, and if low winter survival may reduce nest occupancy.  The potential for improving occupancy rates of ferruginous hawks and golden eagles in the Columbia Plateau Province (CPP) resides in understanding the factors which limit their populations, including prey, associated habitats, and contaminants.  Research described in this proposal will address these topics, first by examining historic and recent productivity and occupancy rates of hawks and eagles in respect to the availability of shrubsteppe habitats associated with their nests.  Indices of prey abundance for shrubsteppe habitats will be compared to prey consumed by raptors, to establish relationships of hawks and eagles to shrubsteppe availability.  VHF and satellite telemetry, and video monitoring of nests will be used to provide information on adult nest attendance, home range size, foraging locations, and movements of hawks and eagles to better understand their long-term survival and potential for mortality through biocides.  Blood taken from captured hawks and eagles and tissues samples of dead specimens will be analyzed for the presence of rodenticides, organophosphates, and lead.  Research will provide recommendations to reduce the effects of factors limiting these raptors in the CPP, principally those related to the maintenance and improvement of habitat characteristics.  Research will also identify whether more detailed research into contaminant issues and pathways may be needed in the Columbia Basin.

b. Technical and/or scientific background
Life requirements of wildlife species at all trophic levels in an ecosystem may be affected by habitat change, particularly those that reproduce only in specific habitats.  Loss or fragmentation of these habitats can produce a ripple effect through the food chain, by reducing numbers of primary consumers, in turn affecting top level carnivores that prey on these species (Smith 1974).  For example, raptor populations may be reduced indirectly by habitat loss through reductions in small mammals and birds (Newton 1979).  Secondly, biomagnification of contaminants or secondary poisoning may occur through the food chain as predators eat primary consumers.  In raptors this often results in impaired productivity or reduced survival and population declines (Peakall 1987).  Thirdly, if breeding or wintering requirements of animals are specific to certain habitats their populations may be limited directly by habitat loss.  For example, in grassland ecosystems with few trees, raptor population densities are often limited by a lack of adequate nest sites (Olendorff and Stoddard 1974).  Because raptor communities occupy the highest trophic level in the food web, understanding the factors that limit their populations provides insight into problems affecting entire ecosystems (Millsap et al. 1987).

Ferruginous hawk populations are stable or declining throughout the Great Plains and Great Basin (Olendorff 1993, White 1994, WDFW 1996), and in Washington the species is designated as Threatened.  Ferruginous hawks and golden eagles are identified as species associated with declining shrubsteppe habitats in most subbasins of the Columbia Plateau Province (CPP) of eastern Washington (Fig. 1).  The ferruginous hawk recovery objective is to maintain 60 active ferruginous hawk territories in a given year across 3 management zones spanning the CPP (WDFW 1996).  Ferruginous hawks nested historically at 222 territories throughout the state.  However, since 1987 <27% of these territories have been occupied annually by nesting pairs.  Within the CPP, the Crab Creek, Mainstem Columbia,Yakima, and Walla Walla Subbasins support 149 ferruginous hawk territories, of which only 22% to 48% were occupied in any one subbasin from 1995  97 (WDFW Heritage Data Base). Similarly, golden eagle populations appear to be declining in the Great Basin and intermountain region (Knick and Dyer 1997, Steenhof et al. 1997), and in Washington the species is a candidate for listing.  Golden eagle territories extend southward from shrubsteppe habitats in the montane ecotone of the Columbia Cascade Province into the CPP where 50 of the 200 statewide territories are located (Fig. 1).  Since 1987, <50% of the historic golden eagle territories in Washington  have been occupied annually (WDFW Heritage Data Base).  McCall and Musser (2000) found <38% of golden eagle territories occupied annually in the Wenatchee and Columbia Basins from 1983  2000. 

Reasons for low occupancy of ferruginous hawk territories in subbasins of the CPP are unknown but at least in part appear related to reduced shrubsteppe habitat and associated abundance of mammalian prey.  According to one habitat suitability index for ferruginous hawks, when 10% of an area with native habitat is disturbed ferruginous hawk suitability declines (Jasikoff 1981). Regional declines of ferruginous hawks have been tied to changes in native habitat conditions from such factors as cultivation and grazing, that may be associated with prey declines (Olendorff 1993).  Throughout the CPP, and especially in the Crab Creek and Mainstem Columbia Subbasins, irrigated 
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Figure 1.  Ferruginous hawk and golden eagle nest locations in the Columbia Plateau Province relative to present distribution of shrubsteppe habitats of eastern Washington. 

agriculture has reduced shrubsteppe habitats. On the Hanford Reservation in the Mainstem Columbia Subbasin, ferruginous hawk nests were located in areas of sparse shrubsteppe cover, low diversity, little edge, and were farther from human activity than Swainson’s or red-tailed hawks (Nugent 1995).   Changes in the abundance and distribution of prey associated with shrubsteppe habitats, particularly pygmy rabbits (Brachylagus idahoensis), Washington ground squirrels, black-tailed jackrabbits, and white-tailed jackrabbits (L. townsendii), may have reduced nesting of ferruginous hawks. These four mammals are shrubsteppe obligates that are listed or candidates for listing in Washington, and have been identified as needing further study to determine distribution and habitat associations in the Columbia basin (see CPP subbasin summaries).  In the 1930s and the 1970s black-tailed jackrabbits were significant or noted prey for nesting ferruginous hawks in Washington (Decker and Bowles 1933, Fitzner et al. unpubl. data), but a sampling of 39 territories in 1995 found an absence of jackrabbits and ground squirrels and a predominance of northern pocket gophers (Thomomys spp.) in the diet (Richardson et al. in press).  Throughout the species range the number of nesting attempts and clutch size appear low during low jackrabbit years (Woffinden 1975, Woffinden and Murphy 1977, 1989, Smith and Murphy 1978, 1979, Thurow et al. 1980, Smith et al. 1981, and White and Thurow 1985) and ferruginous hawks responded similarly to fluctuations of Richardson’s and Townsend’s ground squirrels (Steenhof and Kochert 1985, Schmutz and Hungle 1989, Schmutz 1991).  It is unknown if fragmentation of shrubsteppe habitats in the CPP has suppressed population cycles of black-tailed jackrabbits or groundsquirrels.   

Juxtaposition of fragmented foraging habitats and associated prey on ferruginous hawk home ranges in relation to nest locations also have the potential to affect hawk occupancy and productivity.  Increased flight time from nests to distant foraging locations, which would be reflected in increased range sizes, may reduce suitability of sites for nesting, and when hawks do nest, may affect adult nest attendance and hence survival rates of nestlings.  For example, construction of high-voltage transmission towers across the Hanford Nuclear Reservation in southeast Washington significantly increased nesting by ferruginous hawks which used the towers as nest platforms (Fitzner and Newell 1989).  However, hawks consistently foraged in farmland 10 km to 15 km from their nests and captured prey, primarily northern pocket gophers (Leary 1998).  This unusual behavior was attributed to lower prey abundance in shrubsteppe habitats, or conversely, the lack of nest structures and higher disturbance in farmland.  More importantly, reduced female attendance at nests was believed to have been a possible consequence of travel to distant foraging locations, and potentially increased nestling mortality (Leary 1996).  Food deprivation and high temperatures increase mortality of nestling ferruginous hawks (Tomback 1981), and a high number of dead 24-26 day-old nestlings are encountered under active ferruginous hawk nests in eastern Washington (J. Watson unpubl. data.).  In shrubsteppe habitats there is a need to further investigate relationships of home range size, nest proximity to foraging habits, foraging success, and female nest attendance of ferruginous hawks (Woffinden and Murphy 1977, Leary 1998).  This information is important for determining the best placement of artificial nest platforms in fragmented habitats to provide ferruginous hawk nesting that will maximize occupancy and nest success (Howard and Hilliard 1980, Schmutz et al. 1984) even if natural perches are available.  Erection of artificial platforms for ferruginous hawks has increased nesting on territories formerly inactive in Washington (WDFW 1996).   

A third possibility that may explain low occupancy of ferruginous hawks at nest sites is low survival of adults and juveniles on winter areas.  Although low fidelity to nest sites has been attributed to the nomadic tendencies of the species (Olendorff 1993), the size of the breeding population may be limited by low overwinter survival (Schmutz 1984).  Recent movement studies of ferruginous hawks from Washington found they moved throughout western North America in fall, but most wintered in California where they were exposed to a variety of potential mortality sources (Watson and Pierce 2000).  Among the most important were insecticides and rodenticides used throughout the Central Valley (Hosea 1996).  In particular, winter aerial use of organophosphate insecticides in California orchards is a documented source of significant raptor mortality from ingestion of contaminated prey, direct spraying, or dermal absorption through the feet while perching (Hooper et al. 1989, Hosea 1996).  Some ferruginous hawks from Washington are known to winter near California orchards (J. Watson unpubl. data).  Secondary poisoning from rodenticides remains a potential source of ferruginous hawk mortality (Schmutz et al. 1989) and needs further investigation (Olendorff 1993, Watson and Pierce 2000).  Presence and levels of organophosphates can be assessed through blood from live raptors or tissue and feather analysis of necropsied raptors, and presence of anticoagulant rodenticides through examination of the GI tract (Peakall 1987). The need to address the importance of nomadism and overwinter survival to ferruginous hawk nest occupancy may be assessed through use of solar transmitters (WDFW 1996), particularly satellite transmitters that provide year-round movements (Schueck et al. 1998, Watson and Pierce 2000).

Golden eagle populations also appear to be declining in the Great Basin and intermountain region from loss and degradation of shrubsteppe habitats and associated decline in black-tailed jackrabbits (Knick and Dyer 1997, Steenhof et al. 1997).  Reasons for low occupancy of golden eagle territories in the CPP are unknown, but changes in the abundance and distribution of prey associated with declining shrubsteppe habitats, particularly black-tailed jackrabbits and Washington ground squirrels, may have reduced occupancy.  In the 1970s food habitats of golden eagles in eastern Washington included <1% of jackrabbits and groundsquirrels in prey, with yellow-bellied marmots (Marmota flaviventris) comprising 42% of prey consumed (Knight and Erickson 1978, Marr and Knight 1983).  Number of prey species and prey items were not related to the number of habitats <2 km from nests, suggesting eagles may have been foraging well beyond nests for prey.  Because of the loss of shrubsteppe habitats in the past 30 years, and the fact that cyclic fluctuations in jackrabbit and squirrel populations will affect raptor feeding habits (Smith and Murphy 1978, Steenhof and Kochert 1985), it is unknown if these food habitats are representative of current prey use by Washington golden eagles.

Another explanation for low occupancy of golden eagle territories is increased mortality from lead contaminants, which is a problem throughout the species range (Harmata and Restani 1995, Craig and Craig 1998, Wayland and Bollinger 1999). Recent collection and clinical analysis of dead or dying golden eagles confirmed the presence of toxic levels of lead in eastern Washington.  A golden collected near Republic, in north-central Washington in 1999, and 2 eagles collected in early 2,000 along the Columbia River near Wenatchee and at Cashmere, carried acute and toxic levels of lead (E. Stauber, Washington State University; T. Talcott, Univ. of Idaho).  Within the past year, 5 moribund golden eagles and 2 bald eagles were recovered in eastern Oregon with with behavior suggestive of lead contamination, but necropsies and analysis are pending (E. Stauber, pers. comm..).  Sources of lead are unknown, but potentially include consumption of bullet fragments from scavenged prey, and residues from pesticide use in orchards along the Columbia River (W. Yake, WDOE, pers. com.).  These residues might be passed through the food chain, particularly from ground squirrels that feed on or near the orchards, to golden eagles that are nesting nearby.  Because little is known about feeding locations, residency, or movements of these golden eagles, possible contaminant passage through the ecological food chain is unknown.  Knight et al. (1979) suggested golden eagles along one portion of the Columbia River were resident, even though their numbers fluctuated throughout winter.

c. Rationale and significance to Regional Programs
This project addresses the goals, objectives, and tasks regarding raptors of concern described in the Crab Creek (CC), Yakima (Y), and Mainstem Columbia (MC) Subbasin summary reviews of the CPP.  For ferruginous hawks, the project investigates whether habitat and prey limit nest occupancy (CC, Y, and MC Subbasins), how movements and survival relate to nest occupancy (CC, Y, and MC Subbasins), and whether contaminants affect survival (CC, Y, and MC Subbasins).  For golden eagles, the project investigates whether habitat and prey limit nest occupancy (Y, and MC Subbasins), how movements and survival relate to nest occupancy (Y, and MC Subbasins), and whether contaminants affect survival (Y, and MC Subbasins).  For golden eagles in the Crab Creek Subbasin these research topics were identified as areas of concern.  The results of this work are applicable to other subbasins that identified these species needs (e.g., Toucanan, Walla Walla, and Palouse).  We expect to collect dead golden eagles for contaminants analysis throughout the Columbia Basin including Oregon.  The project emphasis is to identify factors limiting these species in shrubsteppe habitats, principally those reduced by agricultural land irrigated from the Columbia River, and to promote effective restoration of habitat characteristics needed to maintain viable populations of these species.  This supports the stated goal of the Columbia Basin Fish and Wildlife Authority which is to coordinate and promote effective restoration of fish, wildlife, and their habitats.  Goals and objectives state in the recovery plan for state listed ferruginous hawks (WDFW 1996) are addressed directly by the project (see below objectives, tasks, and methods).  For golden eagles, a statewide Candidate for listing, the need is to identify factors causing their reduced populations and reverse them to prevent their listing.   

d. Relationships to other projects 
This project will be integrated and coordinated with an ongoing research project and two BPA projects presently proposed in the Columbia Plateau Province.  Ongoing cooperative research initiated in 1999 between the WDFW, Woodland Park Zoo and the Pacific Northwest National Laboratory (PNNL) is investigating the migration ecology and winter ranges of ferruginous hawks from Washington (Watson and Pierce 2000).  Individual hawks and territories currently under study in the Mainstem Columbia Subbasin on the Hanford Nuclear Reservation will become part of the sample for the proposed project.  In 2002, ongoing research will test the effectiveness of using a remote video cam at a ferruginous nest site for collection of nest behavior data.  If successful, the technique will be used in the proposed project for data collection.  The proposed BPA project  “Effects of agricultural conversion and associated habitat fragmentation on shrubsteppe-associated wildlife and the condition of extant shrubsteppe in the Columbia Plateau Province” will provide detailed mapping of shrubsteppe habitats used to analyze relationships of habitats in raptor territories and raptor productivity.  Habitat-specific occurrence of small mammals and reptiles from this study will be used to validate findings for analysis of raptor food habits and shrubsteppe habitats, as will occurrence of small mammals in restored shrubsteppe habitats examined in  the other BPA proposal,  “A cooperative approach to evaluating avian and mammalian responses to shrubsteppe restoration in the Crab Creek Subbasin”).
e. Project history (for ongoing projects) 

Not applicable
f. Proposal objectives, tasks and methods
Objective 1: Improve our understanding of the relationship of shrubsteppe habitat and associated prey to the suitability and security of ferruginous hawk and golden eagle nesting territories in the Columbia Basin from 2002  06 (Goal 3.1 and recommended research topic in section 7 of Ferruginous Hawk Recovery Plan, WDFW 1996). 

Task 1: Evaluate relationships between historic and recent ferruginous hawk and golden nest occupancy and productivity to the distribution of shrubsteppe habitats in the CPP.

Methods: 1)  (2002) Use the WDFW digital cover map developed from recent satellite imagery (Jacobson and Snyder 2000) to examine distribution of 8 general cover classes at detail of 30 m X 30m, including shrubsteppe, associated with all golden eagle and ferruginous hawk nests in the CPP.  Develop circular, generalized home ranges (GHR) to overlay each nest occurrence based on a fixed buffer distance (e.g., 5 km radius and 1.5 km radius for eagles and hawks, respectively) determined from telemetry and literature review (see Objective 2, Task 1).  Stratify GHRs by habitat category (e.g., >50% cultivation, 10-50% cultivation, <10% cultivation).  Categorize nests based on productivity and occupancy history from WDFW Heritage data base.  Test relationships of occupancy and productivity scores for each species to general cover class categories by regression or contingency analyses.  2) (2002  04) Conduct annual activity and productivity surveys at golden eagle and ferruginous hawk nests in the CPP to establish current nesting status of hawks and eagles.  Air and ground surveys will be conducted using WDFW protocols (McAllister et al. 1986) in cooperation with WDFW District Biologists.  Test relationships of 3-year occupancy and productivity scores for each species to general cover class categories in GHRs by regression or contingency analyses.  3) (2004) Analyze and report results.  4)  (2004) Use results of this habitat analysis to identify whether relationships exist between proportions of shrubsteppe associated with nests and nest parameters, and dictate the need for further investigation of habitat associations to nest parameters that may include: a) a second stratification of nests by types of shrubsteppe using digital cover maps created by the proposed shrubsteppe mapping project (see BPA proposal “Effects of agricultural conversion and associated habitat fragmentation on shrubsteppe-associated wildlife and the condition of extant shrubsteppe in the Columbia Plateau Province”); and b) ground measurement of habitat types at quality nest sites with relatively high occupancy and productivity to model habitat quality using the Mahalanobis distance statistic.  This will allow identification and promote the protection of the highest quality raptor nesting habitats in the CPP based on habitat characteristics.  

Task 2:  Investigate ferruginous hawk and golden eagle food habits, home ranges, habitat use, and nest attendance in the CPP from 2002  06.

Methods: 1) (2002  04) Collect and analyze prey remains from under and in hawk and eagle nests.   2) (2003  04) Capture 10 adult ferruginous hawks and 10 adult golden eagles in the using dho-ghaza nets with owl lures (Watson and Pierce 2000) and radio-controlled bownets (Jackman et al. 1994).  Deploy satellite/VHF transmitters on ferruginous hawks, and golden eagles.  Conduct intensive monitoring of telemetered birds during systematic focal observations to determine home range size, foraging locations with respect to habitat type, and use of habitats.  3) (2003  04) Establish video camera systems at nests to assess food habits from prey deliveries, adult nest attendance, rates of prey delivery, and nestling survival through video monitoring 4)  Analyze and report preliminary results (2004) and final results (2006) of habitat use,  foraging behavior, and nest attendance from video monitoring.  

Task 3:  Compare the occurrence of small mammals in food habits and their occurrence in shrubsteppe habitat types on territories of hawks and eagles from 2002  04.  

Methods: 1) (2002  04) Classify raptor territories (GHRs) on which food habitats are assessed (Obj. 1, Task 2) into one of three habitat categories (Obj. 1, Task 1; <10% cultivation, 10  50% cultivation, >50% cultivation).  Analyze whether the frequency of individual prey species in raptor food habits (small mammals and reptiles) varies among the three shrubsteppe categories using chi-square contingency tests.  The analysis will provide a general, inferential test as to whether dominant prey species most often captured on hawk and eagle territories are associated with a greater proportion of shrubsteppe on those territories.  For validation, findings will be compared to small mammal and reptile associations identified for shrubsteppe types and cultivated land being restored to shrubsteppe as proposed in two BPA proposals (“Effects of agricultural conversion and associated habitat fragmentation on shrubsteppe-associated wildlife and the condition of extant shrubsteppe in the Columbia Plateau Province” and “A cooperative approach to evaluating avian and mammalian responses to shrubsteppe restoration in the Crab Creek Subbasin”).  The analysis is not intended to assess the frequency of species found in prey and their relative densities on specific raptor territories, but may identify the need to sample prey on intensively monitored raptor territories and make these direct associations. 2) (2004) Analyze and report results. 

Objective 2: Assess the year-round movements, long-term survival, and contaminant levels of survival rates and contaminants of adult and juvenile ferruginous hawks to low rates of nest occupancy, and relate these to hawk movements from 2003  06 (see Goal 3.1 and research topics in section 7 of Recovery Plan, WDFW 1996).

Task 1: Assess contaminant levels in adult ferruginous hawks and golden eagles.

Methods: 1) (2003  06) Take blood samples from captured adult ferruginous hawks and golden eagles (Obj. 1, Task 3) and collect and freeze dead specimens throughout the CPP for histology and contaminant analysis.  Analysis of ferruginous hawk blood and tissues will emphasize organophosphates and rodenticides, and will be conducted through Dr. Bob Hosea, California Department of Fish and Game, and Dr. Barry Wilson, University of California at Davis.  Analysis of golden eagle tissues and blood for the presence of lead will be conducted through Dr. Eric Stauber, Washington State University, and Dr. Patricia Talcott, University of Idaho.  2) (2004) Evaluate preliminary contaminants results and need for further samples in the Columbia Basin.

Task 2: Monitor year round movements and long-term survival through satellite telemetry.  

Methods: 1) (2003  06) Collect real-time hawk and eagle location data through system ARGOS.  Data will be retrieved daily, downloaded, and filed.  Survival of telemetered individuals will be monitored for up to 5 years post-capture by use of solar-powered PTTs.  Due to PTT longevity, movement and survival information may be collected beyond the 2003  06 period. 2) (2004) Report preliminary results and evaluate movement and survival results and determine the need for additional sampling in the Columbia Basin.
g. Facilities and equipment
Aviary  - The aviary at the PNNL on the Hanford Nuclear Reservation will be used to house great horned owls used for trapping ferruginous hawks.

Lab facilities - Analysis of ferruginous hawk blood and tissue samples will be conducted through the California Department of Fish and Game, Pesticide Investigation Unit (Rancho Cordova) and the California Animal Health and Food Safety Lab at University of California, Davis.  Eagle blood and tissue samples will be analyzed at the Clinical Pathology Laboratory, WSU Veterinary Hospital, with lead analysis at the Analytical Sciences Laboratory, University of Idaho.

Equipment - Satellite PTTs will be purchased from one of 3 domestic manufacturers at an average cost of $3,000/unit.  Components for custom video equipment will cost about $6,000 for one system (Kristan 1996).  
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