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A. Abstract 
The goal of this project is to provide scientific information that will help guide the recovery for threatened stocks of bull trout in the Columbia River Basin.  An understanding of life history characterastics and connectivity has been identified as information critical to the tools needed for recovery.  Additionally, a rigorous and systematic approach to monitor the status bull trout populations and evaluate threats to their persistence is needed to gauge progress towards recovery.  Consistent with these needs, we propose objectives to 1) evaluate the seasonal movement patterns of subadults and the influence of water temperatures on those patterns in the Walla Walla subbasin, 2) assess migratory characteristics and population conectivity of Hood River bull trout , and 3) develop a monitoring framework and design for bull trout in natal habitats.  Objectives 1 and 2 address what have been hypothesized to be key limiting factors.  To accomplish Objective 3, our proposed strategy first develops a sampling frame using a landscape level Tier-1 approach and then applies a rigorous, Tier-2 sampling design to produce a monitoring plan for the John Day and Grande Ronde subbasins.  For this objective we will work cooperatively with the bull trout Recovery Monitoring and Evaluation Group (RMEG) formed by the USFWS to develop a monitoring strategy that is statistically sound and consistent with designs being developed for the basin and range of the listed species.   These objectives were designed to complement previous and ongoing work and to support related projects in the region.  
B. Technical and/or scientific background

Populations of bull trout from the Columbia and Klamath River basins were listed as threatened by the U.S. Fish and Wildlife Service under the Endangered Species Act (Office of the Federal Register 63 [June 10, 1998]: 31647).  It is estimated that bull trout occupy only 36% of their former range south of the Canadian border.  More than three-fourths of the historic bull trout populations in the proposed study subbasins are classified as having a moderate or high risk of extinction or are probably extinct (Ratliff and Howell 1992; Buchanan et al. 1997; USFWS 2005).  Bull trout numbers have been severely impacted by harvest pressure, habitat degradation, passage barriers and interactions with exotic species.  Past and current efforts to assess, protect and restore existing bull trout populations have been limited by the lack of basic information about bull trout ecology, life history and genetics (Ratliff and Howell 1992; Rieman and McIntyre 1993; Buchanan et al. 1997; USFWS 2005). Since its inception, this project has made substantial contributions in these areas. Through this proposal we intend to continue a long term bull trout research project aimed at providing a solid scientific understanding of Columbia Basin bull trout populations necessary for recovery.  The proposed work builds on the findings from past efforts and is intended to fill some remaining information gaps.  Specifically, studies proposed are designed to address information needs concerning population connectivity, migration characteristics and approaches for systematically assessing population status and biological progress towards recovery.  
Bull Trout Subadult Seasonal Movement and Distribution

Migratory life histories have been viewed as key to species persistence (Rieman and McIntyre 1995; Dunham and Rieman 1999), and understanding movement patterns and associated habitat requirements are critical to maintaining those migratory forms (Muhlfeld and Morotz 2005; Hostettler 2005).  Juvenile migratory bull trout are thought to rear 1-4 years in natal headwaters (Fraley and Shepard 1989, Mogen and Kaeding 2005) before migrating downstream in larger rivers or lakes, where they spend several years as “subadults” before returning to upper reaches to spawn as mature adults (Rieman and McIntyre 1993).  Studies of bull trout movement to date, including past work of this study, have focused almost exclusively on adults in part due to technological limitations (e.g., size/duration of radio transmitters and corresponding minimum size requirements of radio-tagged fish).  Seasonal movement patterns and habitat requirements of the subadult bull trout are poorly documented (Muhlfeld and Marotz 2005).  With improvements in PIT tag technology and increasing miniaturization of radio tags, it is now possible to more effectively track movements of subadults.  Understanding bull trout distribution and survival and the factors affecting them at this life history phase may be particularly important since subadult bull trout are potentially occupying downstream reaches continuously for several years, and adult abundance and corresponding reproduction are directly dependent on survival at this stage.  In many systems these downstream reaches used by subadults are the most altered habitats of the watershed.  
The decline of bull trout throughout their range in the Northwest, which includes much of Columbia Basin, has been linked the decline of the migratory form (Nelson et al. 2002; USFWS 2002).  Migratory life histories have been viewed as key to bull trout persistence (Rieman and McIntyre 1995; Dunham and Rieman 1999; Nelson et al. 2002), and understanding movement patterns and associated habitat requirements are critical to maintaining those migratory forms (Muhlfeld and Morotz 2005; Hostettler 2005).  Juvenile migratory bull trout are thought to rear 1-4 years in natal headwaters (Fraley and Shepard 1989, Mogen and Kaeding 2005) before migrating downstream in larger rivers or lakes, where they spend several years as “subadults” before returning to upper reaches to spawn as mature adults (Rieman and McIntyre 1993).  Studies of bull trout movement to date, including past work of this study, have focused almost exclusively on adults in part due to technological limitations (e.g., size/duration of radio transmitters and corresponding minimum size requirements of radio-tagged fish).  Seasonal movement patterns and habitat requirements of the subadult bull trout are poorly documented (Muhlfeld and Marotz 2005).  With improvements in PIT tag technology and increasing miniaturization of radio tags, it is now possible to more effectively track movements of subadults.  Understanding bull trout distribution and survival and the factors affecting them at this life history phase may be particularly important since subadult bull trout are potentially occupying downstream reaches continuously for several years (as opposed to annual summer-fall upstream migrations of adults to typically cooler reaches), and adult abundance and corresponding reproduction are directly dependent on survival at this stage.  In many systems these downstream reaches used by subadults are the most altered habitats of the watershed. Downstream mortality factors, such as temperature, have been suggested as possible causes for the decline of migratory bull trout warranting further investigation (Nelson et al. 2002). 

The study site for this work is Mill Creek (Walla Walla subbasin) (Figure 1).  Mill Creek and the Walla Walla subbasin are particularly well suited for this research.  Stream flows in the Walla Walla subbasin are heavily diverted for municipal and agricultural uses in the lower portion of the subbasin resulting in dewatering of the lower Walla Walla River and minimal flows and high temperatures in lower Mill Creek during summer.  A number of initiatives are underway to address this issue. These include a Habitat Conservation Plan (HCP) to minimize take of ESA-listed fishes (bull trout and steelhead), a TMDL plan for water temperature by Oregon Department of Environmental Quality, and several other efforts to manage flows and water use in the subbasin.  Upper Mill Creek, on the other hand, is in relatively pristine condition and has served as the municipal watershed for the city of Walla Walla since the early 1900s.  It has been managed since that time for minimal human entry or alteration.  It contains spawning and rearing habitat for a bull trout population that has been a focus of previous work of this project.  Those studies provide a solid base of information to support this continuing project proposal.  Because of previous project activities, much of the infrastructure needed for the proposed work (i.e., downstream and upstream traps, PIT tag antenna arrays) is already in place making it substantially less costly to undertake.  The USFWS, Columbia River Fisheries Program, has installed PIT tag arrays in Mill Creek and the lower Walla Walla River in support of the project.  In addition, preliminary related work has been undertaken during the current project to explore the feasibility of the methods and maximize utility of the information.  This will result in greater efficiency and likelihood of success of new work, longer term data sets, and enable estimation of subadult-adult survival rates that would not be possible within a 3-year funding window.  
Hood River Bull Trout Migration and Connectivity
Hood River bull trout are geographically restricted to two local populations.  The Clear Branch local population occurs in Laurence Lake and tributaries upstream of Clear Branch Dam, and the Hood River local population is restricted to the mainstem Hood River and the portion Middle Fork Hood River downstream of the dam (Figure 2).  The status of both populations is extremely precarious.  The Clear Branch population is at risk of a random extinction event due to low numbers, isolation and limited spawning habitat (USFWS, 1998).  The Hood River population is threatened by passage barriers, unscreened irrigation systems, impaired water quality and periodic siltation of spawning substrate by glacial outbursts.  

Clear Branch bull trout are known to spawn only in Clear Branch and Pinnacle Creek.  After rearing in natal streams for an unknown time period, most are believed to migrate to Laurence Reservoir.  Although the Clear Branch population is believed to be isolated, bull trout may pass over the dam spillway during high water events or be entrained through the irrigation diversion at the base of the dam (Pribyl et al. 1996).  Adult bull trout tagged at Powerdale Dam have been observed at the base of Clear Branch dam.  These fish may have been attempting to reach spawning areas located upstream of the dam.  However, the success of bull trout migrating downstream via the spillway or the possibility of successfully navigating through the diversion network has never been determined.  Depending on the water year, the Middle Fork Irrigation District (MFID) may not spill at all, or the timing of the spill may not coincide with the timing of downstream migration, which is currently unknown (East Fork Hood River and Middle Fork Hood River Watershed analysis).  

Spawning activity for Hood River bull trout is restricted to just a few locations within the Middle Fork of Hood River and is thought to consist of less than10 km (R. French, ODFW The Dalles Fish District).  Locations known to support spawning include the Middle Fork Hood River, Bear Creek, Compass Creek and Coe Branch (USFWS 2004).  However, Coe Branch and Compass Creek are glacial streams with a high volume of sand and silt which may compromise spawning success.  The Middle Fork and mainstem Hood River provide foraging, migration and overwintering habitat.  Hood River bull trout are also known to migrate into the Columbia River.  Two bull trout tagged at the Powerdale Dam (RK 7.2 of mainstem Hood River) were recovered near Drano Lake in Washington State; and one was captured 11 kilometers downstream of the confluence of the Hood and Columbia Rivers (USFWS 2004).  Every year (usually between May and July), adult bull trout, presumably migrating upstream from the Columbia River, are captured and anchor-tagged at Powerdale Dam.  Although some of these tagged fish have been observed upstream (one in Coe Branch and three below Clear Branch dam), the destination of fluvial adults within the Hood River basin is largely unknown.

Juvenile and adult bull trout migrating to spawning and rearing areas are threatened by flow diversions with inadequate screening and passage facilities.  Several structures are suspected to impede upstream migration or entrain juvenile and adult bull trout into irrigation works (Pribyl et al. 1996, HRWG 1999). These structures include: the diversion at Clear Branch Dam (passage and screening), Eliot Branch (passage and screening), Coe Branch (passage and screening), and the Farmers Irrigation District diversion (screening) on the mainstem Hood River (HRWG 1999).  However, little research has been conducted to assess the impacts of these structures on migrating bull trout. 

Beyond a general knowledge of the distribution of Hood River bull trout and the nature of anthropomorphic factors that potentially restrict their connectivity, little is known about this recovery unit.  For example, the association of fluvial adults and headwater natal populations is not understood.  Further, the extent of migration into the mainstem Columbia River and associated distribution is unknown.  The degree to which irrigation and hydropower diversions hamper connectivity within the Hood River basin is also poorly understood.  Migratory life histories have been viewed as key to species persistence (Rieman and McIntyre 1995; Dunham and Rieman 1999), and understanding movement patterns and associated habitat requirements are critical to maintaining those migratory forms (Muhlfeld and Morotz 2005; Hostettler 2005).).  

Our objective is to investigate the migration patterns of Hood River bull trout.  Specifically, we propose to investigate the link between migratory individuals captured at the Powerdale dam and the lower Middle Fork to populations in natal headwater habitats.  We will also investigate the extent that Hood River bull trout use the mainstem Columbia River and neighboring Columbia River tributaries.  Finally, we will assess the impacts of selected irrigation systems on migrating subadult and adult bull trout.

Bull Trout Monitoring Framework

A majority of species live in patchy environments.  Accordingly, spatial processes are important to long-term persistence of many species, including stream-living salmonid fishes (Rieman and Dunham 2000).  A variety of spatial processes potentially influence fish population persistence, including the size of habitat patches, connectivity among patches in a river network, and the quality of patches (e.g., human and natural disturbance; Dunham et al. 2003a).  A central concept in this line of thinking is defining what a “patch” is for salmonid fishes (Dunham et al. 2002).  For example, Wiens (2002) outlined six major themes in landscape ecology and how they apply to river systems.  Half of these themes use the word “patch” in reference to definable elements on the landscape that may be important for populations (Kotliar and Wiens 1990; Dunham et al. 2002).  The term “patch” in landscape ecology has been variously defined to fit a broad range of questions, and definitions are usually species-specific (Wiens 2002).  

Here, we are interested in defining patches from the viewpoint of a single species: bull trout (Salvelinus confluentus).  An understanding of patch structure is an essential step in defining the landscape or “riverscape” (Fausch et al. 2002) from the perspective of an individual species.  This forms the foundation for understanding what habitat is, how it is distributed across the landscape, and fundamental qualities of habitat that determine persistence of local populations and networks of interconnected populations or metapopulations (Rieman and Dunham 2000).  Definition of patch structuring also provides the basis for sampling and monitoring designs that are specifically adapted to bull trout (Peterson et al. 2002; Peterson and Dunham 2003).

In this context, bull trout habitat patches can be defined as contiguous areas within a stream network where spawning and early juvenile rearing could occur and potentially support a local population (Dunham and Rieman 1999).  Because bull trout often rear for more than a year in natal habitats, this spawning and early rearing area must be suitable on a year-round basis.  Occurrence of spawning and early rearing for bull trout appears to be restricted primarily to headwater stream habitats.  Temperature, elevation, and channel width have been found to be important for identifying patch boundaries (Dunham and Rieman 1999; Dunham et al. 2003b).  The downstream extent of potentially suitable stream size, temperatures, and presence of movement barriers can be used to classify landscapes into a mosaic of patches that could support local populations.

Patches as defined herein can be linked to USFWS recovery planning units (USFWS 2002) (see table below).  This connection provides a direct link between assessments based on a patch framework and measuring progress towards recovery.    

	Scale
	Potential indicators


	USFWS Recovery Plan unit

	Patch
	Size, connectivity, distribution of conditions within a patch
	Local population

	Patch network
	Number of patches, overall distribution of connectivity, distribution of conditions among patches
	Core area

	Subbasin(s)
	Number and condition of patch networks 
	Recovery Unit

	Region
	Number and condition of recovery units
	DPS


We propose to develop models of suitable habitats for bull trout in the Plateau and Blue Mountain Provinces of the Columbia Basin using landscape habitat characteristics with known links to bull trout population viability (e.g., Rieman and McIntyre 1995; Rieman et al. 1997; Dunham and Rieman 1999; Dunham et al. 2002, 2003a, b), and persistence of closely related charrs in similar ecosystems (Morita and Yamamoto 2001; Koizumi and Maekawa 2004).  Further, we propose to use this patch framework to develop a systematic and robust monitoring program for bull trout that is consistent with guidelines developed by the.

Results from this work will include the following products and outcomes:

· Development of a spatially explicit database of the distribution of habitats and habitat quality for bull trout across broad landscapes within the Columbia Plateau.

· A spatially explicit sampling frame for designing monitoring programs specifically targeted for bull trout and consistent with RMEG recommendations and existing peer-reviewed sampling protocols for bull trout (Peterson et al. 2002).

· Identification of threats that influence persistence of bull trout within landscapes.

· A foundation for assessment of status and threats that is consistent with the needs of bull trout recovery decision-making (e.g., 5-year status review for bull trout conducted by U.S. Fish and Wildlife Service in 2005; W. Fredenberg, USFWS, personal communication).

· A specific bull trout monitoring plan for the John Day and Grande Ronde subbasins that will be generally applicable to the Columbia Plateau and Blue Mountain provinces and other portions of the species’ range in the Columbia Basin.  This plan will allow tracking of future trends and progress towards recovery.
· Guidance for designing statistically rigorous and standardized monitoring of bull trout.

· Guidance for delineation of key habitats for recovery planning and consultation.

· Guidance for more effective habitat protection and restoration for bull trout at broad scales.

· Guidance for reintroduction assessments.

This effort represents an extension of existing peer-reviewed standard protocols for bull trout monitoring (Peterson et al. 2002), and an “on the ground” application of recommendations emerging from ongoing efforts to provide broader guidance for monitoring and evaluation of bull trout (RMEG).  It is also a direct outgrowth of the current project and related research (e.g., Dunham and Rieman 1999; Dunham et al. 2003b; Peterson and Dunham 2003) in other areas.

This current project has identified key factors influencing approaches to monitoring bull trout abundance, including EMAP designs (see project history). The proposed continuing work will add additional essential elements to designing a comprehensive monitoring plan for bull tout, specifically a systematic approach to defining a sampling frame, development of sampling methods, and an analysis of landscape influences on bull trout distribution in portions of the Plateau and Blue Mountain provinces.  Those will be combined with the results of previous monitoring-related research from the current project and direction emerging from the bull trout RMEG to produce overall bull trout monitoring plans for the study basins.

In summary, our primary objective in this effort is to “road test” standardized monitoring that will lead to a better understanding of species recovery needs as well as information on status and trends in distribution that will directly connect to decision making and management evaluations for the species.  As such, the major outcome from this work will be a foundation for a statistically rigorous and standardized protocol for monitoring bull trout that can be applied across the Columbia River basin.

C. Rationale and significance to regional programs
The NPCC’s (2005) research plan, the ISAB, and the ISRP (ISAB and ISRP, draft) recognizes the need for a coordinated, regional approach to monitoring and evaluation.  As part of that effort and in response to recovery needs (USFWS 2002), the bull trout Recovery Monitoring and Evaluation Group (RMEG) was formed by the USFWS to develop monitoring strategies for the species.  To date that group has focused on monitoring distribution.  Initial recommendations are mapping of potentially suitable spawning and rearing patches based on habitat characteristics and development of sampling designs to detect changes in patch occupancy.  Thus, this proposal entails direct application of those recommendations and will contribute to development of additional RMEG monitoring strategies to address connectivity, migratory habitat, and abundance.  The RMEG has expressed strong support for the proposed work and has offered to collaborate on monitoring design aspects.
The NPCC research plan supports the extension of bull trout habitat patch delineation and analysis to other portions of the Basin and highlights the need to better understand population connectivity, migratory characteristics and subadult bull trout distribution. The ISRP (2005) also specifically recommend development of empirical models using habitat variables for predicting presence-absence or abundance of focal species, such as bull trout.
The NPCC research plan identifies the following regional recommendations related to recovery planning for bull trout that are directly tied to this proposal:
7.22  SEQ CHAPTER \h \r 1Determine the current, and future, role of the mainstem Columbia and Snake rivers in the recovery of bull trout.
 SEQ CHAPTER \h \r 17.24  Determine the current extent of bull trout distribution and seasonal use areas. 

7.25  Determine the movement and seasonality of use of different habitat types in the Columbia and Snake rivers by adult and sub-adult bull trout.
 SEQ CHAPTER \h \r 17.26  Determine the impacts of hydropower facilities on bull trout and their habitat should be evaluated, e.g., fish ladder use, entrainment, spill, flow attraction, and water quality.  
 SEQ CHAPTER \h \r 18.13  Identify field sampling attributes and protocols that state, federal, and tribal monitoring programs will use for assessing status and trends in fish abundance, other biological indicators, and harvest to ensure compatibility throughout the Pacific Northwest.

8.14  Develop or improve existing empirical models for prediction of abundance or presence-absence of focal species as data are obtained in a Tier 2 status-monitoring program.

BPA has requested that RME proposals be coordinated in Pilot RME subbasins. The John Day is a pilot RME subbasin and is included in the proposal for bull trout patch delineation, modeling, and development of distribution and abundance sampling methods. 

The draft recovery plan for bull trout, the (USFWS 2002) include research measures to evaluate relationships among bull trout distribution and habitat, specifically to determine the suitability of temperature regimes in bull trout habitat and to evaluate temperature as a limiting factor.
The Walla Walla subbasin plan (NPCC 2004b) identifies the following research needs related to the bull trout subadult movement objectives in this proposal:

1. Critical uncertainties include habitat/life history stage relationships

2. Average daily movement by month and reach

3. Effect of temperatures on migration

4. Passage through the lower Mill Creek-Yellowhawk Creek complex

The subbasin plan also directs project proponent to use the draft bull trout recovery plan to demonstrate that their project is consistent with the subbasin plan and will benefit bull trout.  Specific priorities from the Umatilla-Walla Walla recovery plan (USFWS 2002) include:

1. Determine movement and seasonality of use of different habitat types by bull trout, specifically Mill Cr. subadults.
2. Determine the suitability of temperature regimes in currently occupied habitat
3. Determine survival rates to adult
The draft recovery plan developed by the USFWS for Hood River bull trout (USFWS 2002) specifically identifies the need for better understanding of the migratory characteristics of this recovery unit and threats to the connectivity of this recovery unit posed by the operation of flow diversions.  Excerpts of that plan pertaining to these issues are provided below:
A primary research need is a complete understanding of the current, and future, role that the Columbia River should play in the recovery of bull trout.  Bull trout migrate seasonally from the Hood River to the mainstem Columbia River, using the Columbia during a portion of their life history.  It is essential to establish, with greater certainty, the current extent of bull trout distribution and seasonal use areas.  To this end, the Team recommends development and application of a scientifically accepted, statistically rigorous, standardized protocol for determining present distribution of bull trout.  Application of such a protocol will improve the Team’s ability to identify additional core areas, or revise the current classification.

...Evaluating passage facilities and reservoir operations at Bonneville Dam as to their suitability for bull trout is identified as a term and condition of the U.S. Fish and Wildlife Service’s biological opinion for operation of the Federal Columbia River Hydropower System (USFWS 2000).

…Provide passage at Coe Branch Diversion. Provide downstream and upstream passage at Coe Branch Diversion to meet National Marine Fisheries Service and U.S. Fish and Wildlife Service criteria.

…Gather more detailed life history information.  Determine life history of bull trout in the Hood River basin.  Additional information needed includes, … 2) population structure and connectivity; 3) life history characteristics including age at first spawning, incidence, regularity and timing of repeat spawning, and total life span; 4) reproductive success in production of pre-adult offspring; 5) survival rates to breeding adult; and 6) reproductive success in replacement of breeders. 
The Hood River Subbasin Plan (NPCC 2004a) lists objectives pertaining to bull trout that comprise maintaining and expanding opportunity for genetic exchange, maintaining the current distribution of bull trout and expanding existing distribution to suitable habitat in the subbasin, and restoring suitable habitat conditions for all bull trout life history stages and life history strategies .

Surrounding each of these objectives is a need to better understand migration patterns and connectivity.  Specific information needs identified in the Hood River subbasin plan include:
· Assessing the effectiveness of downstream juvenile passage over the spillway at Clear Branch Dam
· Further studies and a better understanding of bull trout fidelity to their natal streams are needed to better define local populations in the recovery unit 

· Guidance on reducing threats to the long-term persistence of populations and their habitats, ensuring the security of multiple interacting groups of bull trout, and providing habitat conditions and access that allows for the expression of various life-history forms.

D. Relationships to other projects
The Collaborative System-wide Monitoring and Evaluation Project (CSMEP) proposal is attempting to significantly increase attention to bull trout and other resident fishes. They have proposed a monitoring pilot in the Snake Basin, including the Grande Ronde subbasin, and will be considering how to extend the design to include bull trout.  As discussed above, there is an ongoing EMAP-design steelhead monitoring study in the John Day subbasin (project 199801600) and a similar study proposed for the Grande Ronde subbasin under this RFP. Our proposal will help provide a complementary bull trout monitoring component in the John Day and Grande Ronde subbasins, where our work will be focused, and we will also look at areas of overlap where similar sampling units and methods can more efficiently and economically be used to provide data on multiple species.
The only published studies on subadult bull trout movement (Mulfeld and Marotz 2005; Mulfeld et al. 2003), which were funded by BPA and were limited large subadults and an average duration of 116 days and 64 days for the two tag groups.  Mulfeld and Marotz (2005) recommended further research on smaller subadults, which account for the largest proportion of that segment of the population.  Our proposal would add considerably to these studies by sampling the full range of subadult sizes, cover the full subadult life history phase, and examine the relationship to temperature.
The USFWS and Utah State University have been PIT tagging juvenile bull trout in the South Fork Walla Walla River.  Thus, this proposal will provide more complete migration information for the subbasin, including potential connectivity between populations in Mill Cr. and the upper Walla Walla River.  
The subadult and monitoring elements of the proposal have been reviewed by USFWS, Columbia River Fisheries Office.  They are strongly supportive of the work, including continuing to operate PIT tag detection arrays in Mill Cr. and the Walla Walla River.  Additional collaboration on the monitoring component will be provided by RMEG.
Bull trout research conducted by CTWSRO in the lower Deschutes subbasin began during 1998 as part this project.   Study objectives proposed by CTWSRO are being submitted as a “new project” (Project 200715700) because their proposal addresses specific bull trout monitoring needs for the Deschutes Subbasin, specificly populations ocurring within the Reservation.  However, the design and development of methodologies for determining migratory patterns and habitat use of bull trout in the Warm Springs River (Objective B of the CTWSRO proposal) will be coordinated with Objective 1 and 2 of this proposal so the results will be comparable and complementary.  

BPA Project 200306500, Determine origin, movements and relative abundance of bull trout in Bonneville Reservoir.  Proposed objective for Hood River bull trout will complement this study by providing additional information on the use of Bonneville Reservoir by bull trout and through PIT and radio-tagging Hood river bull trout for potential detection in sampling associated with this study.

BPA Project 198805304, Hood River Production Program - ODFW Monitoring and Evaluation.  Personnel in this project will coordinate by PIT-tagging and interrogating bull trout for PIT tags from fish captured in screw traps and at Powerdale Dam.  Further, we will radio-tag a portion of the bull trout captured at their screw trap in the lower Middle Fork Hood River.

As discussed above, there is an ongoing EMAP-design steelhead monitoring study in the John Day subbasin (Project 199801600) and a similar study proposed for the Grande Ronde subbasin under this RFP. Our proposal will help provide a complementary bull trout monitoring component to these efforts, and we will also look at areas of overlap where similar sampling units and methods can more efficiently and economically be used to provide data on both species.
E. Project history (for ongoing projects)  

In 1994 the USFWS ruled that bull tout in the US outside of Alaska were warranted for listing under ESA but listing was precluded by other priorities.  Final listing in the Columbia Basin did not occur until 1998.  At the time little research was available particularly in Oregon and Washington to help guide bull trout conservation and recovery.  This project was begun in 1995 with a goal of providing information on bull trout genetics, life histories, habitat characteristics, interactions with brook trout, and monitoring to assist recovery programs in eastern Oregon and southeastern Washington. The full history of those contributions is described in annual reports for 1995-2004 (available from the BPA website) and peer-reviewed papers prepared as objectives have been completed.  Results, management implications, and related publications are summarized below.

Genetics

We sampled 46 populations from 11 subbasins in Oregon and southeastern Washington and described the broadscale population structure of bull trout in the northwestern US using 4 microsatellite loci (Spruell et al. 2003).  Three major groups were identified: (1) Coastal, which also includes the Deschutes and Klamath populations, (2) Snake River, which also include the John Day, Umatilla, and Walla Walla populations, and (3) Upper Columbia River, primarily from the Clark Fork. There was substantial genetic differentiation among populations.  For example, there was greater genetic distance between the Deschutes and John Day populations than has been reported between North American and European Atlantic salmon even though the mouths of the John Day and Deschutes rivers are less than 30 km apart.
These results have substantial implications with respect to appropriate management units and distinct population segments (DPS) designated under ESA. For example, Jarbidge populations were listed as a separate DPS even though genetic evidence indicates they are similar to other Snake River populations. The Willamette and Deschutes populations are listed as part of a single Columbia River DPS, which contains three distinct lineages.  The population structure identified by the project was incorporated into the recent bull trout status assessment completed by USFWS (2005).
The NPCC (2005) research plan acknowledges this work and calls for finer scale genetic information on bull trout population structure and standardization of markers. We are completing a fine scale genetic assessment of population structure in the John Day and Grande Ronde subbasins.  We had previously proposed using six additional loci to the four used in the analysis above.  Since that time 30 additional potential loci have become available.  Labs, including the University of Montana, our collaborator on this objective, met this year to standardize loci use.  All of the samples for this study have been collected and submitted to the University of Montana.  This objective will be completed in 2006 following completion of the lab analysis, which will now be expanded to include 16 loci.  Results will be reported in the 2006 annual report and a paper submitted to a peer-reviewed journal.
Bull Trout-Brook Trout Interactions

Besides interbreeding, competitive interaction with brook trout has been hypothesized as a reason for the decline of bull trout where the two species are sympatric.  We investigated the relative effect of intra- and interspecific interactions on bull trout feeding behavior by examining microhabitat use, foraging patterns, agonistic interactions, diet, and growth of allopatric bull trout and sympatric bull trout and brook trout (Gunckel et al. 2002, Gunckel 2001).  Results of an in-stream experiment and field observations of bull trout and brook trout behavior and diet provide no evidence of resource partitioning.  Both species held focal feeling positions in similar micro-habitats and exhibited similar diets.  Under conditions of limited space and prey, bull trout did not demonstrate a niche shift in the presence of brook trout.  Thus, the effects of intra- and interspecific interactions were equivalent. However, brook trout were significantly more aggressive and dominant over bull trout of equal size and showed greater growth.  

The implication of shared resource use of both species and the more aggressive behavior, and greater growth of brook trout is the displacement of bull trout during periods of limited resource availability (Gunckel et al. 2002).  Our results suggest that maintaining habitat complexity and migratory life histories are important to minimize displacement.  Complex stream habitat offers an abundance and variety of microhabitats providing isolation from brook trout thereby reducing the potential for competition.  Large migratory bull trout in a population will be able to out compete, displace and potentially consume smaller brook trout.  

Migration patterns
We used radio telemetry to describe adult movements in the upper John Day River (John Day subbasin), Wenaha and Lostine rivers (Grande Ronde subbasin), Imnaha River, Umatilla River (Umatilla subbasin), and Mill Cr. (Walla Walla subbasin).  This research represents the most extensive telemetry study of fluvial bull trout to date (Baxter 2002).  Previous information on fluvial distribution in these systems was anecdotal or from incidental catches in steelhead fisheries.
Contrary to the common perception of large (>300 mm), “migratory” bull trout typically migrating from spawning tributary reaches in the fall to distant main stem reaches in the winter, large bull trout were found occupy an extensive continuum of habitats during the winter from those remaining in or near spawning reaches to moving up to 280 km downstream. For example, large bull trout in the Wenaha were distributed in the upper and lower Wenaha, lower Grande Ronde, and Snake rivers. Nor is the winter distribution necessarily “downstream.”  Bull trout migrating out of the Wenaha River were equally distributed upstream in the Grande Ronde River as well as downstream in the Grande Ronde and Snake rivers.  We also documented use of Granite Creek (John Day subbasin) and Crooked Creek (Grande Ronde subbasin) by fluvial fish where there were no previous data. 
In 2005 we completed field work to determine water temperatures used by adult migratory bull trout in the Lostine River.  A combination of archival temperature tags and telemetry were employed to measure temperatures at the location of the fish, and thermographs were used to measure ambient temperatures.  This is the first data set of direct measurements of temperatures experienced by migratory bull trout in the region.  Preliminary results were presented at the national and Oregon chapter AFS meetings in 2005 and in our 2004 annual report (Starcevich et al. 2005).  A manuscript (Howell et al., in prep.) is being prepared for submission to a peer-review journal in 2006.  Results showed that tagged adult bull trout occurred in 7DADM temperatures of 16-21oC.  Maximum 7DADM temperatures in the range of habitat used within the ODEQ designated migratory habitat were 18-25oC.  These temperatures compare with federal and state water quality criteria of 16oC.  In 2001 tagged fish spawned in areas and at times when the 7DADM temperatures were 14-16oC, whereas previous literature and water quality criteria suggested a maximum of 9oC.  Linear regression of ambient temperatures on fish temperatures indicated no use of thermal refuges.  
In 2005 we began to explore the feasibility of PIT tag technology to describe subadult movement in Mill Creek.  Although it demonstrated the potential for tagging a large sample of subadults and a high propensity for movement and detection at a downstream antenna array, the duration of the current project is insufficient to address the information needs and objectives for subadult life history presented in this proposal.

Results of these migration studies have been directly incorporated into proposed critical habitat designations for bull trout under the ESA.  In 2003 the ODEQ also used the data to identify migratory habitat for designation of water quality criteria under the Clean Water Act.  Evidence of tagged bull trout from this study that were entrained in Walla Walla’s municipal water supply diversion on Mill Cr. were used as a basis for installation of new diversion screens that protect downstream migrant steelhead and chinook as well as bull trout.
Monitoring

Recovery objectives call for measures of adult abundance.  Redds counts have been commonly used monitor bull trout abundance, but there have been few analyses of their reliability.  To evaluate factors affecting their use as a measure of abundance, we conducted extensive and intensive redd counts and examined sources of measurement errror in Mill Creek (Walla Walla River subbasin), the Little Minam River (Grande Ronde River subbasin), and Silver Creek (Powder River subbasin).  Results of these studies have identified a number of key factors influencing redd counts as a monitoring tool.  There can be large measurement error (imprecision and bias) (Hemmingsen et al. 2001; Dunham et al. 2001).  That error is related to life history form and substrate characteristics (i.e., greater error in redd counts for resident forms and smaller substrate than for migratory forms and larger substrate).  Counts for “index areas” may not correlate well with complete census counts. Time of spawning and duration of redd visibility are important considerations for determining the timing and frequency of redd surveys.  Redd visibility can be similarly related to life history form and substrate.
We are rigorously testing the relationship between redd counts and adult abundance for a fluvial population in Mill Cr. and a resident population in Low Cr., a tributary of Mill Cr., under our current proposal using a combination of upstream trapping of fluvial adults in Mill Cr., mark-recapture and depletion population estimates, and determination of maturity  with ultrasound and endoscopy.  To date there has been a consistent relationship between redd counts and adult females for both populations.  Redd:female ratios for both populations have been similar (1.1-1.2), but only if the redd counts are adjusted for bias.  That work will be completed in 2006 and fully reported submitted for publication in 2007. 
To evaluate sampling programs that could be used to monitor the population status of bull trout within the Columbia Basin, we developed and implemented a pilot program to evaluate use of the EMAP statistical design to estimate bull trout redd abundance and distribution the Columbia Plateau Province.  Three phases were associated with this pilot study.  Phase I consisted of designing and implementing redd monitoring programs in the Deschutes, John Day and Umatilla-Walla Walla subbasins.  Our goal was to test logistics and assess precision of the EMAP sampling design over the range of population abundances and landscape conditions that occurred in these three subbasins over three spawning seasons (2002-2004).  Ninety-six to 149 sites were surveyed each year to obtain estimates using standardized protocols developed from earlier study results.  Findings from Phase I showed that the EMAP design was logistically possible and provided greater than expected precision; however, issues associated with recognizing redds of resident spawners and distinguishing bull trout vs. brook trout redds in portions of the sampling frame also inhabited by brook trout restricted the range where redd counts could be applied.  Additionally, the EMAP design proved to be of marginal efficiency compared to conducting a full census.  This was due to the remote and restrictive nature of the bull trout spawning frame and the need for long response reaches associated with each sample point. 
Phase II consisted of an evaluation the accuracy of the EMAP sampling design through simultaneously censusing the entire sampling frame within the Umatilla-Walla Walla subbasin and comparing EMAP estimates with census numbers.  For two of the three years, EMAP-derived redd estimates were very similar to the number of censused redds (within 2%), however during 2004, EMAP significantly underestimated the number of redds.    Reasons for the negative bias associated with the 2004 EMAP estimate may be associated with the fragmented nature of bull trout redd distribution.  

The effect of fragmented redd distributions on application of statistical sampling designs (including EMAP) to estimate bull trout redd abundance was the target of Phase III of the pilot study.  In this phase we censused the entire sampling frame of bull trout spawning in the upper mainstem John Day and Middle Fork of John Day subbasins and geo-referenced the location of each redd during the 2005 spawning season.  From these data we will produce a GIS coverage of the location of all redds within the sampling frame and, through modeling, assess the accuracy of various sampling designs (including EMAP) in estimating redd abundance.
Results from these studies have been used in implementation of ongoing redd surveys and by the bull trout RMEG in developing species-wide monitoring strategies.  Project staff and collaborators were also instrumental in guiding efforts to develop a standard, statistically rigorous protocol for determining bull trout distribution (presence/absence) in the region (Peterson et. al. 2002).
In addition to the specific applications of project research described above, project information has been widely used in status reviews and draft recovery plans for bull trout, subbasin plans, and water management planning in the Walla Walla subbasin.
F. Proposal biological objectives, work elements, and methods
Objective 1.  Determine the seasonal movement and distribution patterns of subadult fluvial bull trout in Mill Creek, a tributary to the Walla Walla River, and the relationship of those patterns to water temperatures.  Completion by 01 March 2009.

Null hypotheses

1. Subadult bull trout do not migrate downstream of spawning and rearing habitat.

2. There is no relationship between subadult migratory patterns and water temperatures.
Assumptions

1. PIT-tagged bull trout are representative of the Mill Cr. population.  We plan to tag 600/year or approximately 50% of the subadult population. Snorkel observations independent of PIT tag detections and tracking of radio-tagged bull trout can also be used to test this assumption. 
2. PIT tag detection arrays and the sampling frame for snorkel observations span the distribution of subadults.  Additional PIT tag detection arrays will be operated in the lower Walla Walla River by USFWS and at McNary Dam in the Columbia River.  Locations of radio-tagged fish do not depend on detection at fixed station arrays.  The sampling frame for snorkel observations can be adjusted if necessary.
Approach:  
Subadults from the upper Mill Cr. watershed will be PIT tagged and detected at a series of antenna arrays to describe coarse scale movement patterns of a large sample of the population.  We will operate a rotary screw trap just upstream from the city of Walla Walla’s diversion dam (RK 41) to capture and PIT tag subadult bull trout (100-299 mm).    Mature adults captured at the upstream trap at the dam during 2002-2005 were almost exclusively >299 mm.  Previous redd counts indicate this location is near the downstream end of spawning and juvenile rearing distribution.  Fixed PIT tag detector arrays will be operated at river kilometer (RK 35), near the mouth of Blue Cr. (RK 27), at Bennington Dam (RK 18), and at the Yellowhawk diversion (RK 16), if substantial number of subadults is detected passing downstream of Bennington Dam.  Most of the summer flow is diverted from Mill Cr. into Yellowhawk Cr., which enters the Walla Walla River 8 km upstream of the mouth of Mill Cr. and is used by steelhead migrating to and from upper Mill Cr.  If subadults move further downstream in the Walla Walla River, they may also be detected at an array operated by the USFWS at RK 10.  Subadult movements can also be compared with adult movements using PIT tag detection data from adults PIT tagged at the upstream trap during the current study and adults PIT tagged during 2007-2009.  
To define fine scale distribution patterns, a subsample of subadults will be radio-tagged and tracked. In addition, a systematic sample of migratory habitat will be snorkeled during summer when maximum water temperatures occur.  Fish will be collected with dipnets while snorkeling and interrogated with hand-held readers for the presence of PIT tags.  
To relate distribution and movements to ambient water temperatures, a series of thermographs will be deployed along the migratory corridor.  In addition, focal point water temperatures of fish observed snorkeling will be recorded to compare with ambient temperatures to determine if the fish are using localized refuges cooler than ambient temperatures.  PIT-tagged adults returning to spawn will be captured at the upstream trap at the diversion dam in the upper watershed to determine the duration of the subadult phase and survival rates from subadult to adult.
Work Element 1.1. Collect/Generate/Validate Field and Lab Data
Task 1.1.1.  Install screw trap at site just upstream from the Mill Creek diversion dam and operate trap five days weekly to capture sub-adult bull trout.
Task 1.1.2.  Tag a combined total of 600  bull trout 100-134 mm with 12.7 mm SGL full duplex PIT tags and bull trout 135-299 mm with 23 mm full duplex PIT tags. Previous trap catches of subadults averaged approximately 1,200 fish/year in this size range during 1998-2002.  
Task 1.1.3.  Maintain existing PIT tag detector array at Kiwanis Drive (RK 35).

Task 1.1.4 Coordinate with USFWS to maintain existing PIT tag detector arrays at Bennington Dam (RK 18) and in the lower Walla Walla River  (RK 10) .

Task 1.1.5  Install fixed PIT tag detector arrays near the confluence of Blue Cr. (RK 27) and at the point of diversion into Yellowhawk Cr. (RK 16) if warranted by the number subadults moving below Bennington Dam.
Task 1.1.6  Surgically implant radio transmitters (Lotek NanoTags) in 40 subadult bull trout (159-299 mm) in 2007 and 2008 according to methods used in previous studies (Hemmingsen et al. 2001a).  Radio tags will not exceed 3% of body weight (Adams et al. 1998).  Expected tag life based on current specifications would be approximately 4.5 months for fish 159-196 mm and 9 months for fish 197-299 mm.
Task 1.1.7  Track locations of radio-tagged bull trout weekly using telemetry. Record GPS coordinates of locations.
Task 1.1.8  Systematically (random start 100 m unit/500 m) sample subadult distribution using snorkeling during the period of maximum summer temperatures to estimate distribution of densities (subadults/m2) and focal point temperatures of fish.  The sampling frame will include the area where subadults occur based on distribution of PIT tagged fish, radio-tagged fish, and previous observations.
Task 1.1.9 Screen fish captured snorkeling for PIT tags. 

Task 1.1.10  Trap upstream migrating adults at the City of Walla Walla’s diversion dam, screen for PIT tags, implant PIT tags in untagged fish, and determine maturity using ultrasound. 
Work element 1.2. Submit/Acquire Data
Task 1.2.1.  Upload detection data from array sites to PTAGIS.
Work element 1.3. Analyze/Interpret Data 

Task 1.3.1. Summarize PIT tag detections at arrays and recaptures during snorkeling and at the upstream trap.

Task 1.3.2. Plot telemetry locations of radio-tagged fish in GIS.


Task 1.3.3. Summarize thermograph data (e.g., daily maxima).

Task 1.3.4. Describe temporal and spatial (e.g., location, range, migration rate) distributions of PIT tagged and radio-tagged fish and fish observed snorkeling.  Examine influence of  size/age, years, capture/tagging dates, and temperature in movement using logistic and Poisson regression analyses.


Task 1.3.5 Compare ambient water temperatures to focal water temperatures of fish observed snorkeling using linear regression analysis.


Task 1.3.6. Estimate survival of PIT tagged fish from fish tagged at the screw trap, detections at arrays, and adult recaptures at the diversion dam.


Task 1.3.7. Publish results in annual reports, a final report, and a peer-reviewed journal.
Work element 1.4. Disseminate Raw/Summary Data and Results


Task 1.4.1. Present results to management and research audiences. 
Objective 2.  Determine the migratory characteristics of Hood River bull trout and assess how migration is affected by flow diversions within the Hood River Basin.  Completion by 01 March 2009.
Null hypotheses

1. Subadult bull trout do not migrate downstream of spawning and rearing habitat.

2. Adult bull trout captured at Powerdale Dam do not migrate into the upper reaches of the Middle Fork Hood River for spawning.

3. There is no effect of the operation of flow diversion in the Hood River basin on bull trout migration patterns.  

4. Hood river Bull trout do not use the mainstem Columbia River.   
Assumptions

1. PIT-tagged and radio-tagged samples are representative of the Hood River population.  Tracking of radio-tagged bull trout can be used to test this assumption. 

2. PIT tag detection arrays installed at the mouths of Clear, Coe and Eliot Branches of the Middle Fork Hood River; the Clear Branch Dam spillway and in the flow diversions at Clear Branch Dam and the Middle Fork Ditch can be successfully operated to reliably detect movement of PIT-tagged individuals throughout the migratory season.  

3. Radio tagged subadult bull trout will accurately represent the migration patterns of subadult bull trout in the lower Hood River Basin and the mainstem Columbia River.

Approach:  

Subadults from known natal areas in the Middle Fork Hood River watershed and adult bull trout passing Powerdale Dam will be PIT-tagged and detected at a series of antenna arrays to describe coarse scale movement patterns of a large sample of the population.  We will conduct night snorkel surveys and possibly electrofishing in the natal areas to capture and PIT tag subadult bull trout (100-299 mm).  Additionally, subadults captured in a downstream migrant screw trap located near the mouth of the Middle Fork (RK 2.1) and upstream migrating adult bull trout captured at Powerdale Dam on the mainstem Hood River (RK 7.2) will be PIT-tagged.  Fixed PIT tag detector arrays will be operated near the mouths of Clear, Coe and Eliot Branches of the Middle Fork Hood River; the Clear Branch Dam spillway and in the flow diversions at Clear Branch Dam and the Middle Fork Ditch.  We will operate these arrays continually spring through fall during 2007-2009 to track upstream and downstream movement patterns.   
As second component of this objective we will address long range migration patterns of Hood River bull trout, including migration within the mainstem Columbia River.  Methods employed here will consist of radio-tagging downstream migrating subadults captured in the screw trap operated near the mouth of the Middle Fork Hood River.  Nano radio tags will be used that will comprise a maximum of 3% of the fish’s body weight and have a minimum detection life span of 150 days.  Given that most screw trap captures occur in May and June, this tag life span should allow us to be able to locate tagged fish into the fall.  Radio-tagged fish will be tracked by two fixed receiver antennas (one located near the mouth of Hood River and the other located approximately halfway between the mouth and the confluence with the Middle Fork) and through mobile tracking.  
Initial work on this objective will begin during 2006 using funding through the USFWS and the State of Oregon.  During 2006 we will acquire and install PIT tag detection arrays and initiate tagging of bull trout.  Work proposed here would focus on continued PIT-tagging and operation of existing detection arrays and initiating the radio tagging component of this objective.
Work Element 2.1. Collect/Generate/Validate Field and Lab Data
Task 2.1.1.  Conduct night snorkeling and/or electrofishing in Clear, Coe and Eliot Branches and Pinnacle and Compass Creeks to capture subadult bull trout.

Task 2.1.2.  Acquire bull trout captured in the Middle Fork screw trap. Past data indicate that an average of 20 subadult bull trout ranging from 128-240 mm in length ate captured at this trap each spring.  
Task 2.1.3.  Tag bull trout >100-134 mm with 12.7 mm SGL full duplex PIT tags and bull trout 135-299 mm with 23 mm full duplex PIT tags. Work to date suggests that we should be able to tag least 50 subadults >135 mm per year in tributaries upstream from Clear Branch Dam and at least 30 per year in other tributaries.  

Task 2.1.4.  Maintain existing PIT tag detector arrays located near the mouths of Clear, Coe and Eliot Branches of the Middle Fork Hood River and in the flow diversions at Clear Branch Dam and the Middle Fork Ditch.

Task 2.1.5.  Surgically implant radio transmitters in 40 subadult bull trout in 2007 and 2008 (20 in each year) according to methods used in previous studies (Hemmingsen et al. 2001a). Measure and weigh each bull trout and apply a passive integrated transponder (PIT) tag.  Radio and PIT tags will not exceed 3% of body weight.
Task 2.1.6.  Track locations of radio-tagged bull trout weekly using telemetry. Record GPS coordinates of locations.

Work Element 2.2. Submit/Acquire Data

Task 2.2.1.  Upload detection data from array sites to PTAGIS.

Work Element 2.3. Analyze/Interpret Data 


Task 2.3.1. Summarize PIT tag detections at arrays.

Task 2.3.2. Plot telemetry locations of radio-tagged fish in GIS.


Task 2.3.4. Describe temporal and spatial (e.g., location, range) distributions of PIT tagged and radio-tagged fish.  Examine differences among age/size classes and years.


Task 2.3.5. Relate migration patterns to annual flow regimes and irrigation diversion rates.


Task 2.3.7. Publish results in annual reports, a final report, and a peer-reviewed journal.

Work element 2.4. Disseminate Raw/Summary Data and Results


Task 2.4.1. Present results to management and research audiences (e.g., AFS).
Objective 3.  Develop a consistent framework to delineate the sampling frame and sample units for monitoring bull trout distribution in the Plateau and Blue Mountain Provinces, assess patterns of distribution and abundance among those units and develop standard protocols for monitoring bull trout within those units.  Completion by 01 March 2009.

Approach:

Discrete patches of potential natal habitat (spawning and rearing streams) will be identified within selected subbasins.  We will then employ a statistical design to sample across these natal areas using methods that can be consistently applied across all habitat conditions, bull trout life history forms and species assemblages.  There will be five stages used to address this objective.  

· Stage one will involve using existing GIS and landscape data to map potential natal habitat patches. 

· Stage two will be to assemble existing data on bull trout presence in natal habitat patches.  

· Stage three will be to survey patches with unknown or uncertain presence that are needed for stage four modeling.  For example, patches that have not been surveyed in over 10 years or patches with no information will be surveyed.  Additionally, a subset of patches containing bull trout will be sampled to estimate densities, sampling efficiencies, and detection probabilities and where alternative methods for estimating adult abundance (i.e., redd counts) are not feasible (e.g., resident populations, populations sympatric with brook trout).

· Stage four will involve conducting landscape modeling to identify 1) characteristics of habitat patches that are more likely to support extant or recently extirpated populations and 2) corresponding threats to these habitat patches.  

· In Stage five we will use the results of this work and prior project work (e.g., EMAP and census redd counts) in consultation with the Bull Trout RMEG to develop a specific plan for monitoring distribution and abundance in the study subbasins.  

We will evaluate this approach through a pilot study in the John Day and Grand Ronde subbasins.  These two subbasins represent the diversity of bull trout life histories, species associations including nonnative threats (i.e., brook trout), habitat conditions, and disturbance regimes present for bull trout in the Oregon portion of the Plateau and Blue mountain Provinces.  We will also have genetic data on fine scale population structure in these subbasins from the current study to relate to the patch structure. 
Stage 3.1 Map potentially suitable natal habitat patches.

Work Element 3.1.1 Submit/Acquire Data

Task 3.1.1.1 Acquire 1:100,000 stream coverages, high-resolution digital elevation model (DEM) data, and available water temperature and low flow stream width data, and distribution of fish movement barriers for the John Day and Grand Ronde subasins.  

Work Element 3.1.2 Create/Manage/Maintain Database

Task 3.1.2.1 Develop relational database and integrated GIS to display stream elevation and temperature profiles.  Archive metadata.

Work Element 3.1.3 Analyze/Interpret Data

Task 3.1.3.1 Develop regression models to predict stream temperature profiles from stream elevation and catchment basin area for each subbasin.  Alternatively use linear interpolation where data are sufficiently abundant.

Task 3.1.3.2 Using the GIS identify downstream boundaries of potential natal habitat patches using either a temperature threshold (e.g., Selong et al. 2001; Dunham et al. 2003b) where temperature data are available or an elevation threshold based on the elevation-temperature models from the previous task in portions of the subbasin lacking sufficient temperature data (e.g., Dunham et al. 2002).  

Task 3.1.3.3 Adjust patch size by removing ephemeral and intermittent streams.  Work with local biologists for review and refinement of final patch maps.

Stage 3.2 Verify presence of bull trout in patches with existing data

Work Element 3.2.1 Submit/Acquire Data

Task 3.2.1.1 Acquire data records of known occurrences of bull trout within delineated habitat patches within last 10 years from available field sampling.  

Work Element 3.2.2 Create/Manage/Maintain Database

Task 3.2.2.1 Develop relational database and integrated GIS to catalog presence of bull trout within delineated habitat patches, and document patch metadata.

Work Element 3.2.3 Develop RM&E Methods and Designs

Task 3.2.3.1 Develop sampling design to sample patch network to fill information needs for landscape model development.  Sampling priorities will be set to obtain data for patches where bull trout presence cannot be verified from existing data.

Task 3.2.3.2  Develop sampling design (e.g., EMAP) to monitor bull trout distribution and abundance within selected patches.  Design alternatives will include estimated statistical power and confidence intervals for varying sampling intensities and associated costs.  
Stage 3.3 Survey additional patches with unknown or uncertain bull trout status
Work Element 3.3.1 Collect/Generate/Validate Field and Lab Data

Task 3.3.1.1  Employ electrofishing or snorkeling (Peterson et al. 2002) to estimate densities of bull trout and sympatric fish species at sample sites.  Response reaches for each sample point will span100 meters of the stream channel.  Bull trout X brook trout hybrids will be classified based on dorsal fin patterns (Markle 1992).
Task 3.3.1.2 Measure lengths of all bull trout (maximum of 30) at each sample site where fish are captured.

Task 3.3.1.3 Conduct mark-recapture at a systematic subset of the sample sites to estimate sampling efficiency and detectability following protocols outlined in Peterson et al. (2002; 2004) and Rosenberger and Dunham (2005).

Work Element 3.3.2 Create/Manage/Maintain Database

Task 3.3.2.1  Develop relational database and integrated GIS containing densities of bull trout and other species and sampling efficiencies.  Archive metadata.

Stage 3.4 Landscape modeling 

Work Element 3.4.1 Submit/Acquire Data

Task 3.4.1.1 Compile data sets needed as independent variables to model bull trout distribution among habitat patches. An example of theses data sets are listed in Table 1 below.
Table 1.  Potential patch characteristics influencing persistence of bull trout populations within currently occupied river basins.  For each characteristic, a basic measure or indicator of influence is indicated, with predicted influence on the probability of occurrence of bull trout, and supporting literature, if available.  Note the influence of variables depends on how they are measured.  For example, increasing flow variation is predicted to negatively influence on probability of occurrence, but decreasing flow variation may have a positive influence on probability of occurrence.

	Patch Characteristic
	Measures or indicators
	Predicted influence 
	Supporting literature

	Human influence
	Road densities

Human constructed passage barriers

Angling pressure
	Negative
	Rieman et al. (1997); Dunham and Rieman (1999) 

Morita and Yamamoto (2002)

Post et al. (2001)

	Flow regime
	Variation in discharge
	Negative
	Koizumi and Maekawa (2004)

	Thermal regime
	Suitable spawning and rearing temperatures within patch
	Curvilinear
	Baxter and Hauer (2001); Baxter and McPhail (2001); Selong et al. (2001); Dunham et al. (2003a)

	Disturbance regime
	Measured or modeled probability of channel disturbance
	Negative
	Miller et al. (2003)

	Anadromous salmonid status
	Abundance within patch

Abundance in close proximity
	Positive
	None available

	Nonnative species
	Status of brook trout within patch
	Negative
	No influence detected by Dunham and Rieman (1999)

	Natural barriers
	Distance from upstream barrier to lower patch boundary
	Negative
	None available

	Connectivity
	Distance to nearest occupied patch
	Negative
	Dunham and Rieman (1999); Koizumi and Maekawa (2004)

	Patch size
	Watershed area upstream of lower patch boundary

Suitable stream size
	Positive
	Rieman and McIntyre (1995); Dunham and Rieman (1999); Morita and Yamamoto (2002); 

Koizumi and Maekawa (2004)


Work Element 3.4.2 Create/Manage/Maintain Database

Task 3.4.2.1 Develop relational database to manage data sets for independent variables and response (presence of bull trout).

Work Element 3.4.3 Analyze/Interpret Data
Task 3.4.3.1 Data on bull trout distribution and patch characteristics will be analyzed with a variety of statistical procedures suitable for categorical data, such as discriminant function analysis, logistic regression, Poisson regression, or classification and regression trees (CART).  If sample sizes permit, we will attempt to use CART for the utility of model predictions for management interpretations and flexibility for dealing with complex statistical interactions (Lee et al. 1997). 

Predictions from statistical models will identify the most relevant habitat conditions (based on patches and possibly river networks) for predicting occurrence of bull trout in currently occupied basins.  Variables that are significantly associated with persistence of bull trout can be identified, and threats (those variables associated with decreased probability of presence) identified, such as road density (Rieman et al. 1997; Dunham and Rieman 1999) or loss of connectivity (Dunham and Rieman 1999; Morita and Yamamoto 2002; Koizumi and Maekawa 2004), or declines in anadromous productivity (Table 1).

Stage 3.5 Recovery monitoring and evaluation guidelines.

Work Element 3.5.1 Produce/Submit Scientific Plan
Task 2.5.1.1  In consultation with the U.S. Fish and Wildlife RMEG and external peer-review (e.g., through the Pacific Northwest Aquatic Monitoring Partnership [PNAMP], ISRP, or the American Fisheries Society [AFS]), we will develop a common approach to delineating sampling frames for monitoring of bull trout and a plan to monitor bull trout distribution and abundance in the study subbasins.. This will include a final document, website, or CD-ROM that provides:

· Standard protocols for patch delineation with examples from this project to illustrate real-world applications.  

· Standardized format for database to document data and metadata.

· Monitoring designs, including:

· Protocols for sample site location

· Schedules for sampling over time 

· Methods for validation of key assumptions for delectability models (e.g., sampling efficiency, fish density) during routine monitoring.

· Methods for using models to infer status from unsampled locations.

· Guidelines for incorporating other responses (e.g., connectivity, life history variability, genetic variability) into a common sampling design and database that can be efficiently queried to assess bull trout status.

G. Facilities and equipment 

Office facilities and vehicles of the Oregon Department of Fish and Wildlife, Corvallis Research Lab and Hood River facilities; Forest Service, La Grande Forestry and Ranges Sciences Laboratory; and USGS, Forest and Rangeland Ecosystem Science Center, Corvallis, OR will be used. For Objective 1, a rotary screw trap, upstream adult trap, PIT tag transceiver and antenna array from the current project can be used. An additional 1-2 PIT tag transceivers and antenna arrays will be installed. Equipment needed for Objective 2 will largely be provided by equipment that is already in place in the Hood River watershed (PIT tag antenna arrays, downstream and upstream migrant traps).  
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I. Key personnel
Steven E. Jacobs, Supervisory Fisheries Biologist, Leader Native Fish Investigations Project USDA Forest Service, 2004-present, Oregon Department of Fish and Wildlife Corvallis Research Lab

Previous employment:

Oregon Department of Fish and Wildlife, Research Section, 1981-2004
Project Leader/Supervisory Fisheries Biologist, Coastal Salmonid Inventory Project
Education: 

M. S., Fisheries Science, Oregon State University, 1981
B. S., Wildlife and Fisheries Biology, University Of California at Davis, 1977
Current responsibilities:

Project manager, BPA project 199405400, Bull trout genetics, life history, habitat needs and limiting factors in central and northeastern Oregon

Leader of the Native Fish Investigations Project for the Oregon Department of Fish and Wildlife
Principal Investigator of a broad array of studies addressing life history, genetics and population status of native salmonids and non-game fishes throughout the State of Oregon.
Expertise:
· Twenty-four years of experience in research and technical services.  Current position: Leader of Native Fish Investigations Project. Duties have included research, monitoring and technical assessment of salmonids and non-game fishes throughout Oregon.  Expertise in salmonid biology, statistics and sampling design, database development and management, and implementation and management of field sampling programs.  Current position, involves responsiblity for all aspects of managing an extensive research and assessment program for native fish species including supervision of four Assistant Project Leaders and up to 20 seasonal biologists,  and  managing a $1.5 million biennial budget.  

· I have extensive knowledge of the issues surrounding native fish species, including fish-habitat relationships at landscape scales, effects of land use on aquatic habitat, harvest management, and the role of fish culture in management strategies. I also work closely with state and federal professionals in the application of the findings of my research and monitoring towards the implementation of state and regional management programs.  I have a working knowledge of geographic information systems, and I have been closely associated with the Oregon Plan since I assisted with its development in 1997.
· I designed and implemented the most comprehensive and rigorous monitoring program on the west coast for assessing the status, trends and biological-habitat interactions of Pacific salmonids.  This program involves a GIS-based probability design that integrates monitoring of Oregon coastal coho salmon at two different life history stages and the monitoring of aquatic habitat conditions and water quality parameters.  This program was the culmination of eight years of a research study I directed to develop statistically-based survey designs for Oregon coastal streams.  Developing and implementing this program has involved a team approach.  I have coordinated extensively with the OSU Department of Statistics, the Environmental Protection Agency, the Oregon Department of Environmental Quality and fellow ODFW staff.  This program is serving as a model for the development of similar monitoring efforts throughout the state and the region.  
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Fustish, C.A., S.E. Jacobs, B.P. McPherson, and P.A. Frazier.  1988.  Effects of the Applegate Dam on the Biology of Anadromous Salmonids in the Applegtate River.  Applegate Dam Evaluation, Phase I Completion Report.  USACOE DACW57-77-C-0033.  106 p.

Jacobs, S.E. and C.X. Cooney.  1992.  Improvement of methods used to estimate the spawning escapement of Oregon Coastal Natural coho salmon.  Oregon Department of Fish and Wildlife, Fish Research Project F-145-R-1, Annual Progress Report, Portland.

Jacobs, S.E. and T.E. Nickelson.  1998.  Use of Stratified Random Sampling to Estimate the Abundance of Oregon Coastal Coho Salmon.  Oregon Department of Fish and Wildlife, Final Reports (Fish) Project # F-145-R-09, Portland.

Jacobs, S.E.  2002.  Prediction of 2002 Ocean Abundance of Rogue River Fall Chinook Salmon.  Oregon Department of Fish and Wildlife, Corvallis, OR, 

Jacobs, S.E.  2002.  Calibration of estimates of coho spawner abundance in the Smith River Basin, 2001. Monitoring program report number OPSW-ODFW-06, Oregon Department of Fish and Wildlife, Corvallis, OR, 

Jacobs S., J. Firman, G. Susac, D. Stewart and J. Weybright.  2002.  Status of Oregon coastal stocks of anadromous salmonids, 2000-2001 and 2001-2002.  Monitoring Program Report Number OPSW-ODFW-2001-3, Oregon Department of Fish and Wildlife, Portland, Oregon.
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Nickelson, T.E., J.W. Nicholas, A.M. McGie, R.B. Lindsay, and D.L. Bottom.  1992.  Status of Anadromous Salmonids in Oregon Coastal Basins.  Oregon Department of Fish and Wildlife, Ocean Salmon Management, Newport, Oregon. 83 p.

ODFW (Oregon Department of Fish and Wildlife).  1995.  Oregon Coho Salmon Biological Status Assessment and Staff Conclusion for Listing Under the Oregon Endangered Species Act.  Oregon Department of Fish and Wildlife, Portland.

ODFW (Oregon Department of Fish and Wildlife).  2001.  Oregon Salmon and Steelhead Catch Data, 1987-99.  Oregon Department of Fish and Wildlife, Portland.

OPSW.  1997. The Oregon Plan for restoring salmon and watersheds.  Governor's Office, Salem, OR.  

Starcevich, S. J., S. Jacobs and P.J. Howell. 2005. Migratory patterns, structure, abundance, and status of bull trout populations from subbasins in the Columbia Plateau and Blue Mountain Provinces. 2004 Annual Report. Project 199405400. Bonneville Power Administration, Portland, OR.

Susac, G.L., and S.E. Jacobs.  1998.  Evaluation of Spawning Ground Surveys for Indexing the Abundance of Adult Winter Steelhead in Oregon Coastal Basins.  Annual Progress Report, Oregon Department of Fish and Wildlife, Portland, OR.

Susac, G.L., and S.E. Jacobs.  2001.  Assessment of the status of Nestucca winter steelhead.  Annual Progress Report, Oregon Department of Fish and Wildlife, Portland, OR.  Report available at http://osu.orst.edu/Dept/ODFW/spawn/index.htm 

Philip J. Howell, Fisheries Biologist, USDA Forest Service, 1992-present, La Grande Forestry and Range Sciences Laboratory

Previous employment:

Oregon Department of Fish and Wildlife, Research Section, 1979-1992



Project Leader/Supervisory Fisheries Biologist, Native Trout Studies

Oregon State University, 1979-82


Instructor

Education: 

M.A., University of Missouri, 1976

A.B., Rockhurst University, 1972

Current responsibilities:

Project subcontractor, BPA project 199405400, Bull trout genetics, life history, habitat needs and limiting factors in central and northeastern Oregon

Technical Recovery Team for ESA-listed salmon and steelhead in the interior Columbia Basin
Member of the USFWS Bull Trout Recovery Monitoring and Evaluation Group
Principal investigator of a study of the genetic characteristics of westslope cutthroat trout in eastern Oregon and Washington

Principal investigator of a study of the effects of wildfires on the distribution and population abundance of fishes in tributaries of the John Day River

Expertise:

Mr. Howell has been responsible for project design, management of field studies, data analysis and reporting for the current BPA bull trout project since it began and other salmonid studies for the past 20 years. In 1992 he and Don Ratliff completed the first assessment of bull trout distribution, status and management in Oregon. He chaired a panel of bull trout research biologists for the Western Division of the American Fisheries Society that developed a sampling protocol for determining bull trout presence/absence.  He was a member of the technical advisory group to the Oregon Department of Environmental Quality that provided analysis and recommendations on water temperature criteria for bull trout. He is currently a member of the Recovery Monitoring and Evaluation Group established by the USFWS to develop monitoring strategies for bull trout. He has peer-reviewed draft bull trout recovery plans, proposed critical habitat designations, the 2005 bull trout status assessment and a number of other bull trout project proposals and publications.

Publications:

Howell, P. J.  2001.  Effects of disturbance and management of forest health on fish and fish habitat in eastern Oregon and Washington. Northwest Science 75:157-165.

Peterson, J., J. Dunham, P. Howell, R. Thurow, S. Bonar. 2002. Protocol for determining bull trout presence. Western Division of the American Fisheries Society.

Ratliff, D.E. and P.J. Howell.  1992.  The status of bull trout populations in Oregon.  Pages 10-17 In Howell, P.J. and D.V. Buchanan, editors.  Proceedings of the Gearhart Mountain bull trout workshop.  American Fisheries Society, Corvallis, OR.

Rieman B., J.T. Peterson, J. Clayton, P. Howell, R. Thurow, W. Thompson, D. Lee. 2001. Evaluation of potential effects of federal land management alternatives on trends of salmonids and their habitats in the interior Columbia River basin. Forest Ecology and Management 153:43-62.

Spruell, P, A.R. Hemmingsen, P.J. Howell, N. Kanda, and F.W. Allendorf. 2003. Conservation genetics of bull trout: geographic distribution of variation at microsatellite loci. Conservation Genetics 4: 17-29.

Stowell, R., P. Howell, B. Rieman, and J. McIntyre.  1994.  An assessment of the conservation needs for bull trout.  USDA Forest Service, Missoula, MT.

Jason B. Dunham, Ph.D., Aquatic Ecologist, U.S. Geological Survey Forest and Rangeland Ecosystem Science Center, 3200 SW Jefferson Way, Corvallis, OR 97331; 541-750-7397; jdunham@usgs.gov

Previous employment (last 5yr):

2000-2005:  Research Fishery Biologist, U.S. Forest Service, Rocky Mountain Research Station

Education: 

Ph.D., Ecology, Evolution, and Conservation Biology, University of Nevada-Reno (1997)

M.S., Zoology, Arizona State University (1995)

B.S., Zoology, Oregon State University (1987)

Current responsibilities:
Lead an independent research program to pursue applied issues in aquatic resource stewardship and integration across disciplines.  Supervise postdoctoral scientists, graduate students, permanent full-time, and term employees.  Key activities include transfer and adoption of science-based management concepts and tools, maintaining relationships and communication with managers at all levels, publication of peer-reviewed research, and supporting a team-based interdisciplinary research effort.

Expertise:

Active participation in research and technical support of management activities for bull trout and other native fishes for nearly 15 years.  Recent activities concerning bull trout include:

· Member of the Recovery Management and Evaluation Group to provide technical guidance for bull trout recovery (Howard Schaller, USFWS).  

· Scientific advisor to the Mount Hood National Forest and an interagency group to develop a plan for reintroducing bull trout into the Clackamas River basin (Dan Shively, USFS).

· Scientific advisor to the Boise and Sawtooth National Forests to develop a long-term (20 year) monitoring plan for bull trout in association with forest plan implementation (John Chatel, USFS). 

· Scientific advisor to U.S. Fish and Wildlife Service Five-Year status review of bull trout

· Coauthor of the Western Division American Fisheries Society protocol for sampling to detect juvenile bull trout (2002), available at www.fisheries.org
· Member, technical advisory committee to address issues associated with the effects of Bureau of Reclamation reservoir operations on bull trout in the Boise River basin (Tammy Salow, USBR).

· Supervision of two Master’s students at Boise State University involved with research on bull trout migration and species interactions.  

· Co-principal investigator with Dr. Matthew Dare (mdare@boisestate.edu) on bull trout telemetry synthesis project (www.northwestbulltrout.com)

· Science exchange on charr biology and management with research colleagues from Japan (with Colden Baxter, Idaho State University).

· Development of decision support for management tradeoffs between restoration of fish passage and control of brook trout invasions (with Bruce Rieman and Mike Young, USFS, and Kurt Fausch, Colorado State University).

Selected Publications:

Dunham, J.B. and B.E. Rieman. 1999. Metapopulation structure of bull trout:  influences of physical, biotic, and geometrical landscape characteristics.  Ecological Applications 9:642-655.

Dunham, J.B., B.E. Rieman, and K. Davis. 2001. Sources and magnitude of sampling error in redd counts for bull trout Salvelinus confluentus. North American Journal of Fisheries Management. 21:343-352.   

Dunham, J.B., B.E. Rieman, and J.T. Peterson. 2002. Patch-based models of species occurrence: lessons from salmonid fishes in streams. Pages 327-334 in Scott, J.M., Heglund, P. J., Morrison, M., Raphael, M., Haufler, J. and Wall B. (editors). Predicting species occurrences: issues of scale and accuracy. Island Press. Covelo, CA.

Dunham, J.B., B.E. Rieman, and G.L. Chandler. 2003. Influences of temperature and environmental variables the distribution of bull trout at the southern margin of its range.  North American Journal of Fisheries Management 23:894-904.

Peterson, J.T., and J.B. Dunham. 2003. Combining inferences from models of capture efficiency, detectability, and suitable habitat to classify landscapes for conservation of threatened bull trout, Salvelinus confluentus. Conservation Biology 17:1070-1088.

Rosenberger, A.E., and J.B. Dunham.  2005. Validation of abundance estimates from mark-recapture and removal techniques for rainbow trout captured by electrofishing in small streams. North American Journal of Fisheries Management 25:1395-1410.
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Figure 1.  Location and features of Mill Cr. study site
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Figure 2. Resident fish distribution in the Hood River Subbasin. Coe Branch enters the Middle Fork Hood River just downstream of Clear Branch Dam.
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