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a. Abstract 

The goal of this project is to provide scientific information that will help develop a protection and recovery plan for threatened stocks of bull trout in the Columbia River Basin.  Information about the scale at which populations are structured and a method to effectively monitor population abundance have been identified as keys to the recovery and persistence of bull trout populations (Howell and Buchanan 1992; Rieman and McIntyre 1993; Kostow 1995; Buchanan et al. 1997).  In addition, a coordinated approach to the monitoring and evaluation of status and trends in bull trout populations is needed to support restoration efforts in the Oregon portion of the Blue Mountain Province.  Currently, most research and monitoring activities do not have an overall framework for coordination of efforts or for interpretation and synthesis of results.  We propose specific objectives to 1) evaluate the population structure of bull trout in the Grande Ronde River subbasin, 2) assess techniques and refine guidelines to measure the abundance of adult bull trout, 3) characterize piscivory and movement patterns of bull trout populations, and 4) systematically conduct redd surveys to monitor bull trout populations at provincial and subbasin scales.  In addition, we propose to work cooperatively within the approach employed by the Oregon Plan for Salmon and Watersheds Monitoring Program (Nicholas, 1997a; 1997b; 1999) as adapted to bull trout in the Oregon portion of the Blue Mountain Province.  Each objective is addressed using established techniques (e.g., probablistic sampling of streams and microsatellite DNA analysis).  In addition, the approach applies a rigorous, Tier-2 sampling design to answer key monitoring questions.  Data will be summarized and statistical analyses performed, when appropriate, to test specific hypotheses.  These objectives were designed to complement ongoing work and, more specifically, to support other projects in the province and collaborative work proposed in other provinces.  The NWPPC Fish and Wildlife Program and Subbasin Summaries, USFWS, and the Oregon Plan for Salmon and Watersheds have emphasized the need for this information to provide the real-time data to guide restoration and adaptive management in the region.

b. Technical and/or scientific background

The ISRP as well as managers from CBFWA and BPA have suggested that project sponsors spend time coordinating project and considering the best grouping of proposed activities.  After consultation with project sponsors and regional managers, this proposal attempts to capture the majority of the bull trout work being proposed for the Oregon portion of the Blue Mountain Province.  We attempted to organize this proposal to be as biologically meaningful, as well as administratively and economically efficient, as possible.  

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.  Over 78% 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).  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; Spruell and Allendorf 1997).  

Bull trout stocks in Oregon have been impacted by a variety of factors.  Migration barriers, including those from hydroelectric development in the mainstem Columbia River, the mainstem Snake River, and various tributaries, have impacted bull trout populations by limiting access to spawning and rearing habitats and by altering the prey base.  Restricted access to or through certain habitats has also isolated small bull trout populations and prevented genetic exchange among populations.  This may lead to an increased risk of extinction of these populations from genetic factors and random events (Rieman and McIntyre 1993).  Other factors including over-harvest, non-native species introductions and habitat loss have also contributed to the decline of bull trout populations.  Spruell and Allendorf (1997) suggest that maintaining the genetic diversity of bull trout will require the continued existence of many populations throughout the Columbia Basin.  Furthermore, the ability to accurately assess the status of these populations is central to all conservation efforts.

Genetics.

Metapopulation theory has been increasingly applied to salmonid management and research in general (Rieman and Dunham 2000) and specifically to bull trout (e.g., Rieman and McIntyre 1993).  However, there is little empirical evidence to guide that application (Rieman and Dunham 2000).  Empirical estimates of dispersal that may link local populations to a larger population are one of the fundamental needs for increasing our understanding of metapopulation dynamics in bull trout (Rieman and Dunham 2000). 

We previously used genetic analysis to describe the broad-scale population structure of 65 bull trout populations in the Northwest (Spruell et al., in press; Spruell and Allendorf 1997; Bellerud et al. 1997).  That analysis included populations from the Grande Ronde and Imnaha river subbasins of the Blue Mountian Province as well as other populations in the Columbia River basin, the Klamath River basin, and coastal Washington..  There was substantial genetic differentiation among populations but little within populations.  Three major regional groups of bull trout were identified: Coastal, Snake River and Clark Fork River.

The structure of metapopulations within these regional groups is still unclear.  Previous analytical methods were limited to the use of four DNA microsatellite loci.  These loci had limited resolution power to discriminate fine-scale population structuring within metapopulations.  Since then six additional loci have been used in microsatellite analyses (Spruell et al. 1999).  These loci have increased the levels of variation observed in the analysis and may be useful in providing increased resolution among bull trout populations (Spruell et al. 1999).  Rieman and Dunham (2000) suggested using DNA microsatellite analysis as a tool to estimate dispersal parameters and help define fine-scale relationships among local populations.  One objective of the study we are proposing is to evaluate the fine-scale population structure of bull tout in the Grande Ronde River subbasin using these new loci.

Rieman and McIntyre (1993) initially introduced the theory of metapopulations to bull trout conservation.  This theory has a number of potentially important biological and management implications.  However, if and how bull trout are actually organized and function as metapopulations are largely untested hypotheses.  Currently, microsatellite analysis is the best tool available to explore these hypotheses.  Our previous analysis considered broadscale population structure at the level of large subbasins to the Columbia River (e.g. Grande Ronde, John Day, and Deschutes rivers).  Given those data along with data on the extent of bull trout migration, it is reasonable to suspect that metapopulation structure, if it exists, occurs at smaller scales (i.e. within tributary basins).  Some preliminary, exploratory analysis of samples from the Grande Ronde and John Day rivers using additional loci developed since our earlier work suggests possible structuring of populations within those subbasins.  Such structuring would have significant implications for management activities and recovery efforts.  We anticipated the potential need to do finer scale analysis in our original sampling design.  Since the initial set of samples has already been collected and approximately half of the necessary loci analyzed during the original analysis, we could do the proposed analysis relatively efficiently and inexpensively.  

Adult Abundance.

Quantitative estimates of bull trout abundance are necessary to determine the status of populations, to monitor changes in population size, and to evaluate the effectiveness of conservation strategies.  Little data are available on bull trout abundance and population trends (Rieman and McIntyre 1993).  This type of information has been identified as a critical research need (Rieman and McIntyre 1993; Buchanan et al. 1997).  Population status may be monitored at any or all life stages.  However, it has been difficult for biologists to accurately quantify the abundance of emergent salmonid fry (Hillman et al. 1992) or find consistent measures of juvenile bull trout abundance (Bonneau et al. 1995; Thurow and Schill 1996).  Redd counts can be made with relative ease and are an indirect measure of adult abundance.  As a consequence, redd count information is typically used to evaluate trends in the size of local bull trout populations (Rieman and Myers 1997).

Counting bull trout redds is an attractive technique to evaluate population abundance.  Since only reproductive adults produce redds, redd counts should reflect the effective population size of a stock (Meffe and Carroll 1994).  In addition, the potential impacts to the population from spawning ground surveys are relatively low compared to potential injuries that can occur when making population estimates based on multiple-pass removal or mark-recapture techniques using electrofishing (see Hemmingsen et al. 1996).  Thus, redd counts have been and continue to be the most commonly used method for monitoring bull trout abundance.

Despite their frequent use, redd counts may have substantial limitation in quantifying abundance and population trends of bull trout.  Detection of changes in population size may not be possible using the most extensive sets of redd count data available (7-17 years) (Maxell 1999) and is unlikely for populations with more limited data sets (Rieman and Myers 1997).  The utility of redd counts may be further limited by error not accounted for in these earlier analyses, in the accuracy of redd enumeration. Recent studies (Dunham 2001; Hemmingsen et al. 2001b) have shown substantial sampling error associated with bull trout redd counts.  In addition, we have found that redd counts, which are typically used to monitor trends of larger fluvial and adfluvial adult bull trout, may not account well for smaller, resident spawners (Hemmingsen et al. in press).  The relatively small redds of resident bull trout can be difficult to detect.  A final drawback to redd counts is that surveyors may unknowingly walk on redds or disrupt the behavior of spawning adults while conducting spawning surveys.

Standard, appropriate and powerful methods to assess bull trout abundance across all ranges of habitats have not been established (see Rieman and McIntyre 1995; Bonar et al. 1997).  Although data are beginning to accumulate (Dunham 2001; Hemmingsen et al. 2001b), there has not been a systematic evaluation of the utility of spawning surveys to estimate the abundance of spawning bull trout precisely and accurately.  The variability and reliability of spawning survey data may be influenced by many factors, including differences in population size, spawning distribution from year to year, time of spawning, redd characteristics of migratory versus resident life history forms, spawning habitat characteristics, and surveyor bias.  Other methods to evaluate population status and trends in population size have not been well explored.  Currently, biologists in the Pacific Northwest are proposing to explore the use of weir counts, juvenile surveys, environmental characteristics, or a combination of these methodologies to explore bull trout demography (C. Brun, Confederated Tribes of the Warm Springs; B. Rieman, U.S. Forest Service; M. Taper, Montana State University; personal communications).  A second objective of the study we are proposing is to evaluate redd counts as a means of estimating spawner abundance in a resident bull trout population.  This objective complements work we have proposed for the Columbia Plateau Province in Mill Creek, a tributary to the Walla Walla River.  Mill Creek supports both resident and fluvial bull trout.  Our proposed work there is aimed at assessing direct (mark-recapture, snorkel counts calibrated for sampling efficiency) and indirect (redd counts, weir counts) methods of estimating  spawner abundance.  Proposed work in the Little Minam River will useful in analyzing and interpreting estimates of abundance and redd counts for the resident component of the Mill Cr. population.  

Migration.

Bull trout stocks in Oregon have been impacted by a variety of factors.  Migration barriers, including those from hydroelectric development in the mainstem Columbia River, the mainstem Snake River, and various tributaries, have impacted bull trout populations by limiting access to spawning and rearing habitats and by reducing the prey base.  Restricted access to or through certain habitats has also isolated small bull trout populations and prevented genetic exchange among populations.  This may lead to an increased risk of extinction of these populations from genetic factors and random events (Rieman and McIntyre, 1993).

Increase in stream temperature has also been implicated in the decline of bull trout populations (Howell and Buchanan 1992).  Bull trout are specific in their habitat requirements, particularly with respect cold water for rearing and reproduction (Buchanan and Gregory 1997; Rieman and McIntyre1993).  Temperature requirements for egg incubation (McPhail and Murray 1979), rearing juveniles (Selong et al., in press) and spawning adults (Fraley and Shepard 1989) are well documented; however, the influence of temperature on other life history stages, specifically migratory subadults and adults is yet to be determined.  Effects of the water temperature regime on spatial and temporal aspects of migration are relatively unknown, as are temperatures typically encountered by bull trout downstream from rearing and spawning areas.  This information is critical to the management of bull trout migratory corridors. 

For restoration and protection of bull trout habitats, conservation strategies depend on determining the distribution of bull trout.  However, that distribution may vary seasonally depending on the age and life history type of the fish.  Most juvenile bull trout distributions in Oregon have been determined during summer, and consequently, little is known about the distributions and movements of bull trout of any life stage during other seasons.  Most bull trout life history information comes from adfluvial populations (Pratt 1992), whereas most of the populations in this province and the rest of Oregon likely consist of fluvial and resident forms.  We have described migratory forms of bull trout in the Grande Ronde River subbasin.  However, evidence of migratory fish is minimal or lacking for many bull trout populations in Oregon and the Columbia Basin, where they are assumed to be resident forms.  Knowledge of life history patterns, in addition to aiding habitat management, also has important implications for gene conservation.  Migratory life histories are vital for the resilience of bull trout metapopulations (Rieman and McIntyre 1993).  If migratory forms are identified, their maintenance and persistence are dependent on protection of all habitats along migratory corridors.

Metapopulation concepts have been applied to the distribution and characteristics of bull trout (Rieman and McIntyre 1993).  Among these characteristics is the potamodromy of the species, expressed in fluvial, fluvial-adfluvial (Ratliff et al. 1996; Fraley and Shepard 1989), and lacustrine-adfluvial forms.  Bull trout can migrate between 200 and 250 km to reach spawning areas (Fraley and Shepard 1989).  Migratory corridors link spawning, rearing, and refuge habitats for all bull trout life histories and provide connectivity among local populations.  Because the ability to migrate is important to the persistence of bull trout (Rieman and McIntyre 1993), identification and maintenance of migratory corridors is also critical.

In order to develop appropriate recovery strategies we must know the distribution and seasonal movement patterns of fluvial bull trout.  However, little quantitative information is available regarding the life history and seasonal distributions and habitats of migrant adult bull trout in the Grande Ronde and Imnaha river subbasins.  We know that some of the adult bull trout in these subbasins have a fluvial or migratory life history.  Generally, fluvial fish are thought to leave the headwater rearing areas at two or three years of age and move into larger streams.  Fluvial adults may migrate back into headwater streams in May through July to spawn in late August through early November.  After spawning many of these fish appear to migrate downstream to larger mainstem reaches.  Some of these downstream migrants (e.g., from the Wenaha River (Hemmingsen et al. 2001c) move into the mainstem of the Snake River where they may overwinter in reservoirs or attempt to move past mainstem dams.  Mature bull trout may spawn every year or in alternate years.  Fluvial adult bull trout are believed to be the primary mechanism for gene transfer among bull trout populations. 

The expression of migratory life history strategies by bull trout in the Columbia River Basin remains poorly understood.  It is not clear how commonly migratory forms are expressed in populations of bull trout.  In addition, little is known about the magnitude of bull trout migrations and their use of mainstem habitats, including that of the Snake and Columbia rivers.  This information is critical to adapting management strategies and planning recovery efforts for bull trout.  One objective of the study we are proposing is to monitor the movement patterns of migratory bull trout in the Grande Ronde and Imnaha river subbasins.  This is a continuation of activities currently funded by BPA (Project 199405400).  

Food Habits.

Declines of bull trout have coincided, both in space (in many instances) and time, with declines of anadromous salmonids.    A number of factors have contributed to the decline of bull trout (Office of the Federal Register, 60 [June 12, 1995]: 30825).  The decline in abundance of many fluvial bull trout populations has been attributed, in part, to the absence of anadromous salmonids as potential prey (Ratliff and Howell 1992). 

Resident bull trout occupying headwater habitats are primarily insectivorous (Gunckel 2001, Pratt 1992, Wallis 1948).  As they grow, many salmonids switch their diet from planktivory to piscivory if forage fish are available (Boag 1987).  Large migratory bull trout are opportunistic piscivores, typically feeding on chinook (O. tshawytscha), kokanee (O. nerka), mountain whitefish (Prosopium williamsoni), rainbow trout/steelhead (O. myskiss), other bull trout and a variety of other fish species, depending on availability (Beauchamp 2001, Brown 1995, Boag, 1987).  Bull trout may require fish in their diet to attain a relatively large size (see Wilhelm et al. 1999).  Because salmonids are frequently observed in the diet of migratory bull trout, healthy bull trout populations are often thought to be dependent to some degree on salmon and steelhead.  For example, the Grande Ronde draft recovery plan for bull trout (USFWS) includes an objective to restore the historic prey base by implementing recovery plans for anadromous species.  However, bull trout may be generalists, prey opportunistically and not depend on fish as prey.  Populations of bull trout that depend entirely on invertebrate prey species can be self-sustaining (Wilhelm et al. 1999).

Based on findings from our project in the upper John Day River and Mill Creek watersheds, we suspect the relative importance of anadromous salmonids in the diet of bull trout may differ between populations (Hemmingsen et al. 2001a; 2001b; 2001c).  In 1998, using data from screw traps, we estimated the number of juvenile (age 1-3) bull trout migrating downstream in Mill Creek was approximately six times greater than in the upper John Day basin (Hemmingsen et al. 2001b).  We estimated the Upper John Day River to have a 50% greater stream distance producing juvenile bull trout than Mill Creek.  The number of adult bull trout captured in upstream traps in Mill Creek appeared to be three times greater than in upper John Day River, though this may be an artifact of our trapping efficiency.  However, the abundance of potential prey species, particularly juvenile chinook salmon and O. mykiss, captured in the screw traps was much greater in the upper John Day River (Table 1).  Thus relative to the upper John Day River, the greater abundance of juvenile and adult bull trout in Mill Creek apparent from trap captures did not reflect the lower number of potential prey species. 

It is unclear how important fish in general, and anadromous salmonid juveniles in particular, are to the diet of bull trout in the Columbia River basin.  Specific information is lacking about the diet of bull trout in the Columbia River basin.  This information is important to recovery efforts 

Table 1.  Number of each species captured by screw traps in both watersheds

	Species
	John Day R.
	
	
	Mill Cr.

	
	1997
	1998
	
	
	1998
	1999

	S. confluentus
	169
	158
	
	
	1,221
	615

	O. tshawytscha  (juv)
	1,081
	3,789
	
	
	0
	0

	O. mykiss
	454
	398
	
	
	216
	67

	O. clarki
	6
	15
	
	
	-
	-

	O. mykiss x clarki
	0
	11
	
	
	-
	-

	Cottus spp
	10
	0
	
	
	49
	26

	P. williamsoni
	1
	0
	
	
	-
	1

	Catostomus spp
	0
	1
	
	
	1
	1

	Ptychocheilus oregonensis
	0
	3
	
	
	-
	-


for existing populations of bull trout as well as for potential efforts to reintroduce bull trout into vacant habitat.  Whether and to what extent bull trout prey on salmonid juveniles is essential information for ongoing or proposed efforts to restore or supplement chinook and steelhead.  To begin to understand the importance of anadromous salmonids as a prey item for bull trout it is necessary to compare bull trout diets from areas with varying prey composition. 

Evaluating the ecological interactions between bull trout and anadromous salmonids was identified as a research need in the Grande Ronde and Imnaha river subbasin summaries.  Implementing actions to improve abundance and distributions of anadromous species (historic prey base for bull trout) was a recommended step for the recovery of bull trout as identified in the Imnaha River subbasin plan.  The draft recovery plans for bull trout in the Grande Ronde River subbasin, and throughout Oregon, call for restoring the historic prey base by reintroduction or enhancement of anadromous species.  The proposed diet study would directly address how the restoration of bull trout is potentially linked to the restoration of anadromous salmonids.  

The importance of salmon carcasses in providing nutrients in freshwater habitats is gaining wider recognition (e.g., Cederholm et al. 1999).  Several projects related to carcass/nutrient enhancement have recently been funded under the NPPC Fish and Wildlife Program.  However, the function of anadromous fish as a nutrient and energy base also needs to be understood in a larger context beyond carcasses.  The proposed study would help describe the role of anadromous juveniles as prey for other native aquatic species.

Population Status, Redd Surveys and Escapement.

This study proposes a Tier-2 level, monitoring and evaluation program for bull trout in the Oregon portion of the Blue Mountain Province.  This proposed structure, adapted from the strategies and techniques incorporated into the Oregon Plan for Salmon and Watersheds, will enhance the rigorousness of ongoing work and a coordinated approach within and among angencies throughout the Oregon portion of the Blue Mountain Province.  There is nearly universal support in the scientific and regulatory community regarding the critical role of monitoring to assure accountability, adaptive learning, and the credibility of recovery efforts for native salmonids and the watersheds that support them.  When the Oregon Plan for Salmon and Watersheds (Nicholas 1997a) was developed for coastal watersheds, monitoring was one of the four primary elements of the Plan.  The conceptual framework and the programs that support the Oregon Plan Monitoring Program were critically reviewed and strongly supported by State, Federal, Tribal and Non-Governmental experts, along with the State of Oregon’s Independent Multidisciplinary Scientific Team prior to implementation.  The Plan received high marks for the comprehensive, integrated, and coordinated approach the State has taken to monitoring the effectiveness of the Oregon Plan.  While this program was developed for coastal watersheds, it is a model that should prove useful to bull trout recovery efforts in the Columbia River Basin.

The primary goal of this portion of this proposal is to provide a rigorous monitoring program for abundance, status and trend estimates of bull trout within the Grande Ronde and Imnaha river subbasins.  Along with traditional spawning ground surveys, we propose to systematically survey areas outside traditional spawner reaches to cover potential spawning areas and implement Tier-2 level monitoring.  This monitoring would occur through the implementation of the EPA, EMAP approach.  This monitoring would support evaluations of numerous projects in these subbasins (i.e. habitat-related projects) as well as recovery planning.

c. Rationale and significance to Regional Programs

Various measures directed under the Columbia River Basin Fish and Wildlife Management Plan (Plan) (Northwest Power Planning Council 1994; Northwest Power Planning Council 2000) address bull trout biology and management.  An overall objective of the Plan is to achieve a Columbia River ecosystem that sustains an abundant, productive and diverse community of fish.  The Plan calls for recovery issues identified by the Endangered Species Act to be addressed as well as for mitigation for losses of the numbers and diversity of native fishes, such as bull trout.  In addition, the Plan requires a complete assessment of fish populations and directs that the purpose of research is to resolve key uncertainties.  The Plan (Northwest Power Planning Council 1994) identifies specific measures.  Measure 2.2A emphasizes work on native species in native habitat.  Measure 3.2C.1 focuses on research that identifies key uncertainties that are most critical to the achievement of program goals.  Measure 10.1A.1 is specific to the need for assessments of resident fish populations.  Measure 10.2B.1 calls for the development of a plan to assist in conserving the genetic diversity of resident fish.  Measure 10.2C.1 is associated with habitat improvement of resident fish.  Measure 10.5 specifically addresses bull trout mitigation and measure 10.5A.2 focuses bull trout status, life history, habitat needs and limiting factors in the Grande Ronde River subbasin.  

The Fish and Wildlife Program (Chapter 9) calls for monitoring and evaluation of biological and environmental conditions at the scale of provinces and subbasins.  The two subbasin summaries this proposal addresses (Grande Ronde and Imnaha) all call for a framework for the coordination and integration of monitoring efforts, increased monitoring of the status trends in anadromous and resident fish populations and habitats, a process to prioritize how and where restoration and protection efforts are focused, and an increased law enforcement presence to ensure compliance with laws pertaining to fish, wildlife, and habitat in their respective “Fish and Wildlife Needs” sections.  The proposed monitoring program will provide a framework for improved coordination and integration of monitoring efforts.  ODFW will monitor and evaluate the status and trends in fish populations (abundance and distribution) and habitat (quantity and quality) at the province (Oregon Portion) and subbasin scales.  The purpose of the monitoring and evaluation program is to assure that the effects of actions taken under sub-basin plans are measured, that these measurements are analyzed so that we have better knowledge of the effects of the action, and that this improved knowledge is used to choose future actions.

Recently the federal government published a Biological Opinion (Opinion) on the operation of the hydropower system in the Columbia River (NMFS 2000; USFWS 2000).  Summaries from the Opinions indicate that bull trout in the Grande Ronde and Imnaha river subbasins are impacted by the federal hydropower system.  The Opinions discuss the need for a better understanding of the population structure of bull trout.  These Opinions contain sections on reasonable and prudent alternatives or measures.  These sections discuss research, monitoring and evaluation plans and include a goal that the abundance of populations of fish affected by the hydropower system, which would include bull trout, be monitored in a scientifically sound manner.  The reasonable and prudent measures published by USFWS (2000) specifically call for action agencies to implement monitoring and studies to provide critical information on bull trout distribution, timing, and usage of Lower Snake River dams and reservoir system.

Both the Grande Ronde River (Nowak et al. 2001), and Imnaha River (Bryson et al. 2001) subbasin plans address specific goals and objectives related to bull trout.  The subbasin plans for the Grande Ronde River subbasin (GRRSBP) and Imnaha River subbasin (IRSBP) emphasize bull trout as a key species and indicate bull trout populations have limited ability to be connected.  The GRRSBP and IRBP summarize the goals of various agencies with management responsibilities in the subbasin.  In general, these goals include mitigating for damages resulting from the operation of the mainstem hydropower system; recovery of a species listed as threatened under the Endangered Species Act; evaluating the connectivity, the degree of interchange and gene flow between populations; responsible management of bull trout; protecting and enhancing bull trout populations, as well as coordinated management.  

Relative to bull trout, both the GRRBP and IRSBP define specific goals and objectives.  These include 1) ensure that projects are coordinated and consistent, 2) provide information to help develop federal recovery plans, 3) collect life history, distribution, and homing behavior information of bull trout within the subbasin and in relevant core areas, 4) evaluate connectivity, the degree of interchange and gene flow between populations throughout the subbasin, and 5) monitor core populations to establish trends and measure population response to recovery and restoration activities.  Additional specific goals and objectives that this proposal addresses are to  6) assess the relationship between resident and migratory life history forms, 7) evaluate ecological interactions between bull trout and anadromous salmonids, 8) determine survival rates of bull trout between life stages and assess productivity, and 9) determine water temperature associations of migratory bull trout.

In June of 1998 the FWS listed bull trout under the Endangered Species Act (ESA) as a threatened species.  Currently, a recovery plan for bull trout is being developed.  Goals of the draft recovery plan, which include a better understanding of bull trout ecology, improved population status and delisting criteria can be found in the subbasin summaries.

Under the Oregon Plan (Coastal Salmon Restoration Initiative, Steelhead Supplement, Executive Order No. EO 99-01) monitoring is one of the four essential elements to implement the plan.  This monitoring proposal for the Columbia Plateau RFP is consistent and complementary to the program ODFW has implemented in coastal watersheds.  This proposal also supports the implementation of the Oregon Plan statewide for all salmonids at-risk throughout the state.  In addition, the ODEQ will likely propose water quality and biotic condition monitoring to BPA in a separate proposal that will integrate with ODFW’s Fish and Habitat Monitoring in a similar manner as on-going cooperative monitoring in coastal watersheds.

The project we are proposing is significant because it begins to fill gaps in the description of bull trout biology in general and characteristics of specific populations.  This project focuses on information that is critical to the CRFWMP’s goals and objectives, subbasin plans and ESA issues.  Results from this project will include information on bull trout abundance, evaluation and development of methods to assess bull trout abundance, as well as a genetic description of populations and their relationships to each other.  Information gathered will help fisheries managers assess the relative risks to populations, develop protection and recovery plans specific to each population, and prioritize resources to enable such protection or recovery.  If this information is applied properly, the expected overall outcome is increased long-term persistence of bull trout populations.  Some of the data we have collected previously have been incorporated into current recovery plans, and new data will help refine those plans.  Knowledge of bull trout biology was limited at the start of this project, and work to date has considerably enhanced that knowledge.  Efforts have also identified, and will continue to uncover, other critical areas that need further investigation.  
d. Relationships to other projects 

The project we are proposing focuses on bull trout abundance, food habits, methods to assess bull trout abundance, as well as a genetic description of populations and their relationships to each other.  The work we are proposing is a direct extension of the bull trout work we have previously conducted and are currently conducting in the Blue Mountain Province (see Hemmingsen et al. 2001a, 2001b, 2001c).  This work is also related to numerous other projects that are in progress both in the Columbia and Snake river basins.  Direct and indirect relationships exist between the work we are proposing and that being done by others (including BPA-funded projects) and the work is typically supportive of, complementary to, or collaborative with the other work.
Since bull trout are listed under the Endangered Species Act as threatened, federal law requires that the USFWS develop a plan to recover bull trout.  Our project has and will continue to collaborate with the recovery team designated to develop this recovery plan.  Information from our research will feed directly into recovery planning efforts and the ultimate measures in the recovery plan.  The work we are proposing directly relates to recovery efforts.

The Oregon Plan for Salmon and Watersheds (OPSW) is a community-based, bottom-up effort to identify, conserve, and help restore crucial elements of natural ecosystems that support fish, wildlife, and people.  One of the four major components of the OPSW is monitoring activities for assessment purposes.  The governor of the state of Oregon has issued an executive order requiring the OPSW to be a statewide effort.  Our project will collaborate directly with the OPSW and provide information that applies specifically towards the mission of the OPSW.  The work we are proposing is directly supportive of OPSW efforts.

A coordinated approach to assessment and monitoring of bull trout populations and their habitats is needed to support restoration and recovery efforts in the Columbia Basin.  Currently, independent research projects and some monitoring activities are conducted various state and federal agencies, tribes, and to some extent by watershed councils or landowners, but there is no overall framework for coordination of efforts or for interpretation and synthesis of results.  We propose that the structure and methods employed by the Oregon Plan for Salmon and Watersheds (OPSW) Monitoring Program be extended to Oregon’s portion of the Columbia Basin.  A consistent and coordinated approach to monitoring and evaluation is a cornerstone of the NWPPC Fish and Wildlife Program and the OPSW.  This approach, successfully implemented in Oregon’s coastal watersheds, applies a rigorous statistically-based sampling design to answer key monitoring questions, provides integration of sampling efforts, and has greatly improved coordination among state agencies, federal agencies, and local watershed groups.  The goal of this proposal is to systematically implement salmonid population assessments, stream channel and riparian habitat assessments, and measurements of water quality and overall biotic condition.  The proposed project would be responsible for the bull trout component of this work.  These efforts will create better understanding of the factors that influence survival rates and can be used adaptively to modify management of restoration efforts.

Federal, tribal and state fishery managers routinely conduct surveys in an attempt to assess population status.  The work we are proposing is also a direct extension of bull trout telemetry studies that were previously conducted as part of this project (see Hemmingsen et al. 2001a, 2001b, 2001c).  Researchers from CTWSRO (C. Brun, personal communication), the USFS (B. Rieman, personal communication) and Montana State University (M. Taper, personal communication) are also proposing to evaluate methods to assess bull trout abundance.  The work we are proposing was designed in collaboration with or to complement, both directly and indirectly, these efforts.  

Genetic analysis of local population structuring has already been completed for the portions of the Pend Oreille subbasin in Idaho (Spruell et al. 1999) and is planned for the upper Boise River subbasin (Paul Spruell, University of Montana, personal communication).  The work we are proposing was designed in collaboration with this larger, regional effort and would directly contribute to it by expanding the database to include the Grande Ronde River subbasin.  Analysis of the John Day River populations has been proposed in a companion proposal for the Oregon portion of the Columbia Plateau Province.  Collaborators include Paul Spruell, Wild Trout and Salmon Genetics Laboratory, University of Montana and Bruce Rieman, USDA Forest Service, Rocky Mountain Research Station. 

The work we are proposing is indirectly related to numerous other ongoing efforts in the Blue Mountain Province.  These include BPA-funded projects 8200100, 8400900, 8402500, 8805300, 8805301, 8805305, 8909700, 9202601, 9202604, 9306600, 9307000, 9402701, 9402705, 9403000, 9505300, 9604800, 9607400, 9609000, 9703300, 9707300, 9707400, and 9707800 as well as the Lower Snake River Compensation Plan which is administered through the US Fish and Wildlife Service.  These include non BPA-funded projects on Imnaha riparian fencing, Imnaha riparian enhancement, Little Sheep Creek streambank stabilization, and Little Sheep Creek riparian fencing.  The relationship to these projects ranges from sharing resources and expertise, to data collection and information sharing which supports monitoring and evaluations of various projects, to specific collaboration between projects.  Project personnel are also cooperating in a current 1-year bull trout telemetry study of fluvial populations in the Lostine (Grande Ronde) and Imnaha rivers funded by the USDA Forest Service and OWEB. This proposed work builds on and complements that work.

e. Project history
 (for ongoing projects) 

As a result of this project we have completed annual reports for work conducted in 1995 (Hemmingsen et al. 1996), 1996 (Bellerud et al. 1997), 1997 (Hemmingsen et al. 2001a), 1998 (Hemmingsen et al. 2001b), 1999 (Hemmingsen et al. 2001c) and 2000 (Hemmingsen et al. in press).  Reports and results from this project have been provided to biologists throughout the region and information from these reports has been used to help guide management decisions.  For example, results from this project were included in the development of water temperature standards to protect and restore habitat for bull trout (Buchanan and Gregory 1997).  As a second example, results from this project have been used to help assess the status of bull trout, specifically in Oregon (Buchanan et al. 1997).  This information was included by the USFWS in the decision to list bull trout as threatened.  As a final example, results from this project include experimental information on interactions between bull trout and brook trout (Gunckel 2001), which is relatively rare in the literature.  This information has been distributed to regional managers and is being used to help guide decisions regarding the potential influence of exotic brook trout in bull trout conservation efforts.  

Specific to the population structure of bull trout, we have sampled fish from numerous locations in northeast Oregon.  Results of the genetic analysis of bull trout populations previously completed for this project were reported by Spruell and Allendorf (1997) and can be found in Spruell et al., in press.  These results indicated that there was substantial genetic differentiation among populations but little within populations.  For example, there was greater genetic distance between 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.  Three major regional groups of bull trout were identified: 1. Coastal, 2. Snake River, and 3. Clark Fork.  This information has direct application in determining appropriate conservation units for listed bull trout.

Specific to bull trout abundance, we have conducted extensive and intensive redd counts in Mill Creek (Walla Walla River subbasin) and the Little Minam River (Grande Ronde River subbasin) during 1996-2000 and in Silver Creek (Powder River subbasin) during 1996-1999.  Mill Creek contained what appeared to be primarily larger (>300 mm) fluvial adults, but smaller (<300 mm) suspected resident adults were also observed and dominated Low Creek, a tributary.  All adults observed in the Little Minam River and Silver Creek were less than 300 mm.  Fluvial bull trout were trapped, enumerated, and PIT-tagged, and a sample was radio-tagged at the upstream ladder on the Mill Creek diversion dam.  No bull trout spawning has been observed in Mill Creek or tributaries downstream from the dam. We estimated the adult population size in Silver Creek using a combination of calibrated snorkel counts and estimates of size at maturity using endoscopy (Hemmingsen et al. 2001c).  In 1998 the spawner:redd ratio was very high in Silver Creek (885:36) compared to adult dam counts:redd counts in Mill Creek (144:108) suggesting that redd counts may be a poor measure of abundance in Silver Creek and similar streams with resident adults and redds that are difficult to detect.  As previously mentioned, study results also indicated high sampling error among observers conducting redd counts, especially in streams with small adults and redds (Hemmingsen et al. in press).  

Specific to bull trout migration, we have used a combination of traps and radio telemetry to determine the movements of bull trout in numerous areas of the Columbia River Basin.  During three years (1997 – 1999), we surgically implanted radio transmitters into bull trout from the Grande Ronde River subbasin (83), John Day River subbasin (71), and Walla Walla River subbasin (59) (Hemmingsen et al. 2001a; 2001b).  Bull trout that could be tracked for one year or more were generally 30 cm or larger and showed a variety of movements.  For example, bull trout generally reached winter holding areas between mid-September through December.  In addition, bull trout from the Wenaha River over-wintered in the Grande Ronde River both upstream and downstream from the Wenaha River confluence, as well as in the Snake River.  Some fluvial bull trout began upstream movements in April and there was a tendency for larger fish to move upstream earlier.  Locations furthest upstream were generally reached in September and October.  Not all bull trout repeated migrations in subsequent years.  The greatest distance that any bull trout traveled was 108 km in the Grande Ronde River subbasin.

Specific to bull trout food habits, we conducted a diet study examining the prey choice of resident bull trout as it relates to potential competition with sympatric brook trout (Gunckel 2001).  Diets of 82 allopatric bull trout, 74 sympatric bull trout, and 73 sympatric brook trout examined were dominated by aquatic Diptera and Trichoptera larvae, Ephemeroptera nymphs, and terrestrial insects.  Bull trout and brook trout showed strong size selective predation, with both terrestrial and aquatic insects > 5 mm occurring more frequently in the diet than were available.  Diets of sympatric bull and brook trout overlapped substantially.  No resident bull trout in this analysis were found to be piscivorous, and only two brook trout consumed sculpin. The study provided little evidence of food resource partitioning between bull trout and brook trout.  In an in-stream behavior experiment (Gunckel 2001) we also showed that both bull trout and brook trout occupied similar feeding microhabitats, and both species captured prey primarily in the water column.   We also documented brook trout were more aggressive and frequently dominant over bull trout of similar size.  Brook trout frequently occupied the positions at the head of the pool where the preferred prey are typically more assessable.  This examination of diet, behavior, and microhabitat use demonstrates a high potential for competition and possibly displacement of bull trout when prey and habitat resources are scarce.

f. Proposal objectives, tasks and methods

Specific Research Questions.

Objective 1.  Genetics.

One of our goals is to improve conservation and recovery efforts for bull trout by determining whether fish within a basin are part of one metapopulation or represent multiple discreet populations.  The first objective of this project is to characterize the fine-scale population structuring of bull trout within the Grande Ronde River subbasin.  We propose to accomplish this objective by analyzing the genetic composition of bull trout collected throughout the Grande Ronde River subbasin.  The null hypothesis is that there is no genetic differentiation among bull trout collected from different tributaries in the Grande Ronde River subbasin.

Approach.

Previously, we have sampled bull trout from 11 tributaries in the Grande Ronde  subbasin.  Tributary populations sampled included South Fork Wenaha, Butte Cr. (Wenaha);  Elk Cr., Little Minam R. (Minam); Bear Cr., Lostine R., Hurricane Cr. (Wallowa); Indian Cr., North Fork Catherine Cr., Limber Jim Cr., Clear Cr. (upper Grande Ronde)  .  Sample  sizes ranged from 22 to 31 fish from each tributary.  Additional samples are needed to: 1. resample Hurricane Cr., which was anomalous in the initial analysis, 2. sample Lookingglass Cr., a large tributary not previously sampled; 3. compare fine-scale population structure in the upper Grande Ronde, where there are suspected to be few fluvial migratory forms that could provide the principal linkage among local populations, and in the Wenaha system, where fluvial forms are relatively abundant; and 4. test for temporal variability.  Archived samples previously collected during this study would be reanalyzed using additional primers now available.  Additional samples would be collected during the first year of the study.  Critical assumptions include that we will be able to collect sufficient samples and that sample sizes represent the variation in allele frequencies within the population.  We anticipate results from this objective will allow us to determine potential metapopulation structure of bull trout from the Grande Ronde subbasin.

Tasks and Methods.

Task 1.1. Reanalyze previously collected samples that are archived (South Fork Wenaha, Butte Cr. (Wenaha);  Elk Cr., Little Minam R. (Minam); Bear Cr., Lostine R., Hurricane Cr. (Wallowa); Indian Cr., North Fork Catherine Cr., Limber Jim Cr., Clear Cr. (upper Grande Ronde) using a combination of data from four microsatellite loci previously analyzed and six additional loci. Samples will be analyzed by the Wild Trout and Salmon Genetics Laboratory, University of Montana, using polymerase chain reaction (PCR) and amplification of 10 microsatellite loci.  Detailed methods are described in Spruell et al. (1999).

Task 1.2. To supplement archived samples, collect fin tissue from 30 fish in Hurricane Cr.; Lookingglass Cr.; North Fork Wenaha, Crooked Cr. (Wenaha); Indiana Cr., Fly Cr., (upper Grande Ronde).

Task 1.3. To test for temporal variation in allele frequencies, collect fin tissue from 30 fish in Little Minam R., South Fork Wenaha R., North Fork Catherine Cr., Limber Jim Cr., Indian Cr.

Task 1.4. Analyze genetic variation among local populations from Tasks 1.2 and 1.3 samples using 10 loci.  Samples will be analyzed, likely the year following collections, by the Wild Trout and Salmon Genetics Laboratory, University of Montana, using polymerase chain reaction (PCR) and amplification of 10 microsatellite loci.  Detailed methods are described in Spruell et al. (1999).

Task 1.5.  Publish results of the analysis annual reports and peer reviewed publications as well as present these results at technical meetings.

Objective 2.  Adult Abundance.

Another of our goals is to improve conservation and recovery efforts for bull trout by determining appropriate methods to assess population status and trend.  The second objective of this project is to evaluate redd counts as a means of estimating bull trout spawner abundance in the Little Minam River, which supports only resident bull trout. We propose to accomplish this objective by estimating the abundance and maturity of resident adults and counting redds.  The null hypothesis is that there is no relationship between redd counts and abundance estimates of adult bull trout or adult female bull trout.

Approach.

We will estimate the abundance of resident bull trout spawners in the Little Minam River using a combination of calibrated snorkel counts and estimates of length at maturity.  Snorkel counts will be calibrated with snorkeling efficiency estimates derived by block-netting a sample of stream reaches, counting bull trout while snorkeling, and subsequently using mark-recapture or removal techniques to estimate the abundance of  bull trout in each sample reach.  Bull trout densities (by size class) will be extrapolated and abundance estimated using area under the curve techniques (Dambacher 1999).  We will use ultrasound or endoscopy (Hemmingsen et al. 2001c) to inspect a sample of bull trout for maturity and obtain estimates of length at maturity.  Estimates of bull trout abundance within different size classes and of length at maturity will be combined to obtain spawner abundance estimates.  We will conduct spawning surveys bi-weekly in September and October and subsequently compare redd counts to abundance estimates for adults and adult females.  A critical assumption is that the abundance estimates will be sufficiently precise.  

Tasks and Methods.

Task 2.1.  Estimate the abundance of adult (mature) resident bull trout in the Little Minam River (2002-2004).  Estimate the length and density of bull trout in randomly selected stream reaches.  Reach length will be set at 30 times the active channel width (or approximately 100 m).  Reaches will be snorkeled and counts of bull trout will be calibrated using removal or mark-recapture estimates of snorkeling efficiency.  Determine the maturity of bull trout using ultrasound or endoscopy (see Hemmingsen et al. 2001c).  Estimate abundance by extrapolating densities and using area-under-the-curve techniques (Dambacher 1999).  Determine the number of mature bull trout in the Little Minam River using estimates of abundance and length at maturity.  Compare redd counts to abundance estimates for mature females.  Calculate spawner-to-redd ratios.

Task 2.2.  Develop recommendations for methods of monitoring bull trout abundance, including considerations for time and cost efficiencies.  Publish results of the analysis in annual reports and peer reviewed publications and present results at technical meetings.

Tier 1 and Tier 2 Monitoring.

Objective 3.  Migration. 

Another of our goals is to improve conservation and recovery efforts for bull trout by determining their seasonal distribution.  We are proposing to investigate the seasonal movements of fluvial bull trout of the Lostine and Imnaha rivers and Catherine Creek.  We propose to begin addressing the following questions.  What is the seasonal distribution of fluvial bull trout in the Lostine and Imnaha rivers and Catherine Creek?  An important component of this question is whether bull trout from these streams are migrating to the mainstem of the Snake River where they may be impacted by the operation of the Federal Columbia River Power System.  Do upstream movements of fluvial bull trout in the Lostine River and Catherine Creek correlate with the location of stream diversions and possible effects on stream temperature?  Do individual, fluvial bull trout in the Lostine and Imnaha rivers and Catherine Creek display the same movement patterns in successive years?  How do the ambient temperatures of the Lostine and Imnaha rivers and Catherine Creek compare to the water temperature of areas selected by fluvial bull trout?  Are upstream movements of fluvial bull trout in the Lostine and Imnaha rivers and Catherine Creek correlated with stream temperatures?  The work we are proposing is a direct extension of bull trout telemetry studies that we began in 1997 and are ongoing.  This work will add additional description of the life histories of bull trout of the Grande Ronde and Imnaha river subbasins and help to identify fluvial and spawning habitats and their temperature characteristics.  Large-scale movements identified through telemetry may add empirical evidence to help understand the metapopulation dynamics in bull trout (Rieman and Dunham 2000). 

Approach.

We will use radio telemetry to describe the movements and habitats of fluvial bull trout of the Lostine River, the Imnaha River, and Catherine Creek.  Bull trout will be captured with existing weirs during their upstream migration, which occurs during late spring and early summer.  Radio transmitters of 18-24 months duration will be surgically implanted in some of these bull trout during the first year of the proposed contract period (2002) (Hemmingsen et al. 2001a).  Each transmitter will be accompanied by a sensor (archival temperature logger), which will measure water temperature and store the measurement at 30-minute intervals.  These archival loggers will be externally attached through the musculature beneath the dorsal fin of the fish.  They are intended to determine the temperatures in areas that bull trout actually inhabit, as opposed to the inferences made using thermographs placed in the stream to measure ambient temperatures.  Thus, we will be able to account for possible differences in areas selected by bull trout (e.g., cool water refugia during summer) and ambient stream temperatures (Torgerson et al. 1999). However, this requires recovery of the fish and retrieval of the archival logger to access data.  If these bull trout again move upstream in the following year, archival loggers will be retrieved after the fish re-enter the traps.  Transmitters of these bull trout will remain in the fish so additional movements can be tracked.  If tagged bull trout are not captured in the trap or do not move upstream the following year, we will locate them before the transmitter signal expires and re-capture them by angling or snorkeling and netting to retrieve the archival temperature tags.  Concurrently with telemetry, we will measure ambient stream temperatures of along the fluvial migratory corridor in the Lostine, Imnaha, Wallowa, and Grande Ronde rivers and Catherine Creek year-round using conventional data loggers.

Because individuals in a population of fluvial bull trout have shown considerable variation in movement, we propose a sample size of at least 20 bull trout per stream (60 total).  Some fish with transmitters will likely be lost to the study through natural mortality, illegal harvest, or predation.  The combined weight of the radio transmitter and archival logger will not exceed 3% of the weight of their host.  Bull trout locations will be tracked regularly throughout the duration of the tag life.    

Critical assumptions include that we will be able to capture and tag sufficient numbers of large fluvial bull trout, the loss of fish with transmitters from natural mortality, illegal harvest, or predation is not excessive, and most archival temperature loggers can be recovered.

Tasks and Methods.

Task 3.1.  Using radio telemetry, determine the temporal and spatial distributions of fluvial bull trout that enter the Lostine and Imnaha rivers and Catherine Creek.  From fluvial bull trout captured in existing weir traps during April through July or through angling, select 20 (35 cm minimum fork length) from each stream in 2002.  Measure and weigh each bull trout and apply a passive integrated transponder (PIT) tag.  Anesthetize each selected bull trout and surgically implant radio transmitters according to methods used in previous studies (Hemmingsen et al. 2001a).    Conduct radiotelemetry surveys for all bull trout with transmitters throughout the duration of this study.  Surveys will occur on a regular basis but with increased frequency when bull trout movements accelerate.  Fish will be tracked approximately once each month during times spent in holding areas (e.g. winter). These surveys will occur primarily by vehicle during summer and fall and primarily by plane during winter and spring.  Surveys will occur by foot when necessary.  Analyze radio telemetry data to assess the movements of individual bull trout as well as to characterize the movement patterns of a given population.  Identify movement patterns by season.  Develop maps of the observed distribution of fluvial bull trout.  If possible, integrate these maps with the Geographic Information System (GIS).

Task 3.2.  Determine the relationship between the location of stream diversions and the movements of fluvial bull trout in the Lostine and Imnaha rivers.  Identify locations of water diversions in each river, and develop maps of their distribution.  If possible, integrate these maps with the Geographic Information System (GIS).  Identify movements of fluvial bull trout in relation to the distribution of diversions in each river.  Compare maps from Task 3.1 with those from Task 3.2.

Task 3.3.  Deploy temperature loggers to determine the year-round ambient temperatures at points along the potential fluvial distribution of bull trout in the Lostine, Imnaha, Wallowa, and Grande Ronde rivers and Catherine Creek.     Retrieve temperature data from each logger. Summarize and analyze temperature data.

Task 3.4.  Determine temperatures of the Lostine, Imnaha, Wallowa, and Grande Ronde rivers and Catherine Creek where fluvial bull trout are located.  To each bull trout radio-tagged also attach an archival temperature logger externally beneath the dorsal fin. Retrieve archival temperature loggers from fluvial bull trout re-captured in traps on the Lostine River, Imnaha River, and Catherine Creek (see Task 3.1).  From fluvial bull trout that are not recaptured in traps, locate them with telemetry before their transmitter signals expire. Recapture these bull trout by angling or snorkeling and netting, and retrieve archival temperature loggers.  Download data from archival temperature loggers.  Summarize and analyze temperatures. Compare temperatures where bull trout are located from archival tags to ambient water temperatures (see Task 3.3). 

Task 3.5.  Communicate results and information.  Present results at technical meetings.  Prepare annual reports and peer-reviewed articles for publication.

Objective 4.  Food Habits.

Another of our goals is to improve success of bull trout recovery and re-introduction efforts by determining the relative importance of anadromous salmonids in the diet of bull trout.  The objective is to describe the diet of fluvial bull trout in streams with relatively low vs. high abundance of anadromous salmonids present.  Specifically, we are interested in the following questions.  What is the prevalence of anadromous salmonids, resident salmonids, and non-salmonids in the diet of fluvial bull trout?  Does fluvial bull trout diet differ between streams with relatively low vs. high abundance of anadromous salmonids?  Does the proportion of salmonid prey in the diet of bull trout differ among size classes?  Does the proportion of salmonid prey in the diet of bull trout differ between seasons?  Given these questions, we propose the following null hypotheses.  There is no difference in the prevalence of piscine prey in the diet of bull trout among streams with differing abundance of anadromous salmonids.  There is no difference in the prevalence of salmonid prey in the diet of bull trout among streams with differing abundance of anadromous salmonids.  There is no difference in the prevalence of anadromous salmonid prey in the diet of bull trout between among streams with differing abundance of anadromous salmonids.  There is no difference in the prevalence of salmonid prey in the diet among size classes of bull trout.  There is no difference in the prevalence of salmonid prey in the diet of bull trout between summer and winter.

Approach.

During two seasons (summer and winter), we will describe the diets of bull trout in the Wenaha/lower Grande Ronde River or Imnaha River (pending information from current telemetry) and Mill Creek (a tributary to the Walla Walla River) watersheds where the assemblages of potential prey fish differ (Table 2).  We will collect 30-60 bull trout by seining, snorkeling with hand nets, or angling where migratory forms typically reside during each season in each watershed.  Seasonal distributions in Mill Cr. and the Wenaha River have been described by radiotelemetry and snorkeling (Hemmingsen et al. 2001b; 2001c; Colden Baxter, Oregon State University, personal communication).  During the summer sampling season (June - Aug 2002) sampling sites will be located in the upper mainstem/lower tributary reaches where habitat is suitable for both available prey species and migratory bull trout.  During the winter sampling season (January – March 2003) sampling sites will be located in the mainstem reaches where large migratory bull trout overwinter. 

While bull trout less than 150 mm may be primarily insectivores (Gunckel 2001), larger bull trout can be piscivores but not exclusively (Boag 1987; Brown 1995).  In order to compare the diets of various size classes of potentially piscivorous bull trout in the Wenaha or Imnaha river and Mill Creek, samples will be evenly distributed across three size classes of bull trout 150 mm and larger.  Captured bull trout will be anesthetized, measured and weighed.  Stomach contents will be removed by gastric lavage and stored in ethanol.  Each bull trout will be held in a live box until fully recovered before it is released back to the stream.  In the laboratory, stomach contents will be sorted into invertebrate and vertebrate components.  Vertebrates will be sent to the Department of Fisheries and Wildlife (Dr. Doug Markle) at Oregon State University for identification to species.  Critical assumptions include that we will be able to capture sufficient numbers of fluvial bull trout, particularly in mainstem habitat during the winter, and that prey will be identifiable.

Table 2.  The relative abundance of possible prey species for bull trout in three watersheds.

	Watershed
	Possible prey species

	
	O. tshawytscha
	O.

 Mykiss
	O.

 Clarki
	P. williamsoni
	Cottus

 spp.
	Catastomus macrocheilus
	Ptychocheilus oregonensis

	Wenaha/

Imnaha R.
	many
	Many
	none
	Some
	some
	few
	few

	Mill Cr.
	few
	Some
	none
	Some
	some
	none
	none


Tasks and Methods.

Task 4.1.  During June - Aug 2002, capture bull trout from upper mainstem or tributary locations in the Wenaha or Imnaha rivers and Mill Creek watersheds.  Capture bull trout with seines, hand-held nets while snorkeling, or angling.  Capture 10-20 bull trout 150-300 mm fork length, 10-20 bull trout 300-450 mm fork length and 10-20 bull trout larger than 450 mm fork length.

Task 4.2. During January-March 2003, capture bull trout from lower mainstem locations in the Wenaha/lower Grande Ronde or Imnaha rivers and Mill Creek watersheds.  Capture bull trout with seines, hand-held nets while snorkeling, or angling.  Capture 10-20 bull trout 150-300 mm fork length, 10-20 bull trout 300-450 mm fork length and 10-20 bull trout larger than 450 mm fork length.

Task 4.3. Collect stomach contents from each captured bull trout.  Captured bull trout will be anesthetized.  Their stomach contents will be removed by gastric lavage in accordance with established procedures, preserved with buffered formalin, and stored in 95% ethanol (Crossman and Hamilton 1978; Meehan and Miller 1978),.

Task 4.4.  Captured bull trout will be measured and weighed prior to lavage.  After lavage, each bull trout will be held in a live box until fully recovered before it is released back to the stream.

Task 4.5.  Identify and classify stomach contents.  In the laboratory, stomach contents will be sorted into insect and vertebrate components (August 2002 - December 2003).  Determine invertebrate biomass.  Vertebrates will be sent to the Department of Fisheries and Wildlife (Dr. Doug Markle) at Oregon State University for identification to species and calculation of biomass (wet weight). 

Task 4.6. Analyze data.  Proportions of prey taxa in the diets of bull trout will be analyzed using the test of non-parametric log-likelihood ratios (G statistic).  Comparisons will be made between watersheds, size classes, and seasons (January – June 2004).  

Task 4.7.  Communicate results and information.  Present results at technical meetings.  Prepare annual reports and peer-reviewed articles for publication.
Objective 5.  Populations status.

Another of our goals is to improve conservation and recovery efforts for bull trout by beginning to assess the status of various populations.  The fifth objective of this project is to employ methods to monitor and evaluate the abundance and trends in bull trout populations.  We propose to accomplish this objective by implementing an EMAP probabilistic sampling design to characterize the status, trends, and distribution of adult bull trout populations at the provincial and subbasin scale throughout the Oregon portion of the Blue Mountain Province.  We recognize the uncertainty associated with using spawning ground surveys for population status information.  Objective 2 of this proposal is designed to help address some of these limitations. Results of this objective 2 and other objectives can be subsequently used to refine methods for monitoring populations.  The current EMAP protocol uses the best available science to implement a Tier 2 monitoring approach that is organized and systematic.

Approach.

ODFW, in coordination with the EPA Research Lab in Corvallis, Oregon, will develop the sampling frame to randomly draw sites in each of the four subbasins.  The sampling frame will consist of all streams that make up the current and potential distribution of adult bull trout in the two subbasins.  Once the sampling frame is established, up to 50 1-km sites/subbasin/year will be selected based on the EMAP process.  This procedure is based on a spatial grid design with hexagonal areas centered at grid points.  Points along all streams in the sampling framework are plotted sequentially by computer and points then randomly selected.  The randomly selected points are then replotted on maps and selected for sampling.  The following web site discusses the monitoring approach/design for the OPSW project: http://www.oregon-plan.org/FCH16.html.

Tasks and Methods.

Task 5.1.  Randomly select and survey stream sites from the current and potential range of adult bull trout in the Grande Ronde and Imnaha river subbasins.  At each one of the study sites, biweekly bull trout spawning ground surveys will be conducted from mid-August through mid-November.  Survey crews will be thoroughly trained in the identification of bull trout redds based on standard methods.  All surveys will be conducted walking upstream, generally in the center of the channel, or when two surveyors are required, each surveyor on opposite side of the stream.  All surveyors will be equipped with polarized sunglasses.  All redds in the survey reaches will be marked with survey flagging so they are not double-counted.  A chronological record will be kept of each redd and the visibility of each classified every survey.  The data will be analyzed using analytical tools developed by the EMAP program to support ODFW’s Coastal Monitoring Program.  The analysis will provide an estimate with statistical confidence of the abundance of bull trout redds and distribution of redds at the provincial and subbasin scales.

Task 5.2. Determine ownership of each site location and contact private landowners for access and permission to sample.  Site maps (1:24,000) are printed and locations identified as private, state, or federal ownership.  For state and federal ownership, contact and inform local land managers of sampling work.  For privately owned sites, determine ownership at local county courthouses and contact landowners via phone or in person to get permission for sampling.  We intentionally overdraw sample sites to account for landowner rejection.  ODFW’s Coastal Monitoring Program has experienced less than a 10% rejection rate for landowner permission after four years of monitoring, with acceptance improving over time.

g. Facilities and equipment

An ultrasound and/or endoscope would and computer may be required to complete the project.
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Stephanie L. Gunckel, Fisheries Research Biologist, Oregon Department of Fish and Wildlife.

Education:  

B.S., Biology, Lewis and Clark College, 1989.

M.S., Fisheries Science, Oregon State University, 2000.

Professional Experience:  

1994 - Present, Oregon Department of Fish and Wildlife, Fisheries Research Biologist.  

For the past seven years Ms. Gunckel has worked for the Oregon Department of Fish and Wildlife conducting investigations on native trout.  She has assisted with planning and implementation of field studies on native trout populations in Oregon.  Her responsibilities included summary and analysis of data as well as written and oral communication of results.

Qualifications:  

Ms. Gunckel is currently researching the feeding ecology and interactions of co-occurring juvenile bull trout and brook trout.  This research involves the collection, analysis, and interpretation of stomach contents, and behavioral observations.  Her experience also includes the collection and analysis of trout abundance estimates and quantitative stream habitat assessments, and collection of bull trout genetic data and redd count information.  Much of Ms. Gunckel’s experience and expertise are directly applicable to the research of native trout populations in Oregon.

Relevant Publications:

Gunckel, S.  2001.  Feeding behavior and diet of native bull trout Salvelinus confluentus and introduced brook trout S. fontinalis in two eastern Oregon streams.  Masters Thesis, Oregon State University, Corvallis, Oregon.

Hemmingsen, A.R., B.L. Bellerud, S.L. Gunckel, and P.J. Howell.  In Press.  Bull trout life history, genetics, habitat needs, and limiting factors in central and northeast Oregon.  1998 Annual Report. Project Number 199405400, Bonneville Power Administration, Portland, Oregon.

Hemmingsen, A.R., S.L. Gunckel, J.K. Shappart, B.L. Bellerud, D.V. Buchanan and P.J. Howell.  2001.  Bull trout life history, genetics, habitat needs, and limiting factors in central and northeast Oregon.  1997 Annual Report.  Project Number 199405400, Bonneville Power Administration, Portland, Oregon.

Bellerud, B.L., S. Gunckel, A.R. Hemmingsen, D.V. Buchanan and P.J. Howell.  1997. Bull trout life history, genetics habitat needs, and limiting factors in central and northeast Oregon, 1996 Annual Report.  Project Number 199405400, Bonneville Power Administration, Portland, Oregon.

Alan R. Hemmingsen, Fisheries Research Biologist, Oregon Department of Fish and Wildlife.

Education:  

BS, Fisheries and Wildlife Biology, Iowa State University, 1971.

Professional Experience:  

For the past 13 years Mr. Hemmingsen has worked for the Oregon Department of Fish and Wildlife as an Assistant Project Leader conducting investigations on native trout.

Qualifications:  

Since 1988 Mr. Hemmingsen has conducted or assisted various investigations on native trout in Oregon.  Those investigations were designed to describe the diversity among native trout, determine threats to their sustainability, and foster awareness of their value.  Specific projects involved genetic characterization of populations, description of life history traits, definition of migration patterns, and identification of critical habitat needs.  Since 1994 he has served on a research project that has studied the biology and ecology of bull trout in central and northeast Oregon.

Relevant Publications:

Bellerud, B.L., S. Gunckel, A.R. Hemmingsen, D.V. Buchanan and P.J. Howell.  1997. Bull trout life history, genetics habitat needs, and limiting factors in central and northeast Oregon, 1996 Annual Report.  U.S. Department of Energy, Bonneville Power Administration, Portland, Oregon.

Hemmingsen, A.R., D.V. Buchanan, and P.J. Howell.  1996.  Bull trout life history, genetics, habitat needs, and limiting factors in central and northeast Oregon.  Annual Report 1995.  Prepared for the U.S. Department of Energy, Bonneville Power Administration.  Project Number 94-54.  Portland, Oregon.
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Hemmingsen, A.R., B.L. Bellerud, S.L. Gunckel, and P.J. Howell.  In Press.  Bull trout life history, genetics, habitat needs, and limiting factors in central and northeast Oregon.  1998 Annual Report.  Project Number 199405400,  Bonneville Power Administration, Portland, Oregon.

Spruell, P., A.R. Hemmingsen, N. Kanda, P.J. Howell and F.P. Allendorf.  In press.  Conservation genetics of bull trout: geographic distribution of variation at microsatellite loci. Conservation Genetics

Philip J. Howell, Fisheries Biologist/Aquatic Ecologist, USDA, Forest Service Pacific Northwest Research Station.

Education: 

M.A., University of Missouri, 1976

B.A., cum laude, Rockhurst University, 1972

Professional experience:

Currently, Mr. Howell has responsibility as a project manager, BPA project 199405400, bull trout genetics, life history, habitat needs and limiting factors in central and northeastern Oregon, principal investigator of a study of the genetic characteristics of westslope cutthroat trout in eastern Oregon and Washington, and as an aquatic scientist with the Science Advisory Group for the Interior Columbia Basin Ecosystem Management Project.  Previously, Mr. Howell was employed by the Oregon Department of Fish and Wildlife as a project leader for native trout research studies.  Mr. Howell has also instructed classes at Oregon State University.  His duties have included project design and development, management of field studies, data analysis and reporting, as well as coordination with the U.S. Forest Service.

Qualifications: 

Mr. Howell has been extensively involved in the design and implementation of BPA-funded study of bull trout genetics, life history, habitat needs and limiting factors in eastern Oregon since the project began.  In 1992 he and Don Ratliff completed the first assessment of bull trout distribution, status and management in Oregon.  He currently provides aquatic science oversight for the development of a management plan for federal lands in the interior Columbia Basin, which addresses the habitat management needs of bull trout and other aquatic species.   For that project other scientists and he has completed an assessment of the status, distribution and management of bull trout and other aquatic species east of the Cascades and developed models to evaluate the effects of proposed management alternatives on bull trout and other species.   Mr. Howell is currently chair of a panel of bull trout research biologists for the Western Division of the American Fisheries Society who are developing a sampling protocol for determining bull trout presence/absence.

Relevant publications:

Spruell, P., A. R. Hemmingsen, P. J. Howell, N. Kanda, F.W. Allendorf. In press. Conservation genetics of bull trout: geographic distribution of variation at microsatellite loci. Conservation Genetics.

Peterson, J., J. Dunham, P. Howell, R. Thurow, S. Bonar. 2001. Protocol for determining bull trout presence. Peer review draft. Western Division of the American Fisheries Society.

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

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.

Howell, P.J. and D.V. Buchanan, editors.  1992.  Proceedings of the Gearhart Mountain bull trout workshop.  American Fisheries Society, Corvallis, OR.  

Bruce A. McIntosh, Oregon Plan Monitoring Coordinator, Oregon Department of Fish and Wildlife.

Education:

B.S., Wildlife Biology, University of Montana, 1982.

M.S., Forest Ecology, Oregon State University, 1992.

Ph.D., Forest Ecology, Oregon State University, 1995.

Professional Experience:  

Dr. McIntosh has been employed by the Oregon Department of Fish and Wildlife since 2000 as the Oregon Plan Monitoring Coordinator.  He also has an appointment at Oregon State University as an Assistant Professor (Courtesy) in the departments of Fisheries and Wildlife and Forest Science.  From 1999 to 2000 he held the position of Assistant Professor at Oregon State University in the Department of Forest Science.  While at Oregon State University, Dr. McIntosh worked as a Research Associate in the Department of Forest Science from 1996 to 1999 and held a Faculty Research Assistantship in the Department of Forest Science from 1992 to 1996.  

Qualifications:  

During his career, Dr. McIntosh has been involved in the assessment of the structure, function, and dynamics of aquatic ecosystems.  He has also evaluated historical changes in aquatic ecosystem structure and function and the influence of anthropogenic and natural disturbance on these changes.  Dr. McIntosh has worked with multi-scale methods to assess aquatic condition and community structure of watersheds.  He also has extensive experience with the freshwater ecology of fish assemblages of the Pacific Northwest and the use of remote sensing techniques for across scale assessments and watershed monitoring.

Relevant Publications:

Torgersen, C.E., R.N. Faux, B.A. McIntosh, N.J. Poage, and D.J. Norton.  in press.  Airborne Thermal Remote Sensing for Water Temperature Assessment in Rivers and Streams.  Remote Sensing of Environment.
Faux, R.N., and B.A. McIntosh.  2000.  Stream temperature assessment using forward-looking infrared (FLIR).  Conservation Biology in Practice, 1(10): 38-39.

McIntosh, B.A., J.R. Sedell, R.F. Thurow, S.E. Clarke, and G.L. Chandler.  2000.  Historical changes in stream habitats in the Columbia River basin.  Ecological Applications, 10(5): 1478-1496.

Torgersen, C.E., D.M. Price, B.A. McIntosh, and H.W. Li.  1999.  Multiscale thermal refugia and stream habitat associations of chinook salmon in northeastern Oregon.  Ecological Applications, 9(1): 301-319.

McIntosh, B.A., J.R. Sedell, J.E. Smith, R.C. Wissmar, S.E. Clarke, G.H. Reeves, and L.A. Brown. 1994.  Historical changes in fish habitat for select river basins of eastern Oregon and Washington.  Northwest Science, 68(Special Issue): 36-53.

Paul M. Sankovich, Fisheries Research Biologist, Oregon Department of Fish and Wildlife.

Education:  

B.S., Biology, University of Nevada, 1987.

M.S., Fishery Resources, University of Idaho, 1995.

Professional Experience:  

Mr. Sankovich is currently employed by the Oregon Department of Fish and Wildlife.  He is responsible for conducting and overseeing life history studies on bull trout and Oncorhynchus mykiss with an emphasis on bull trout spawning and the interaction between resident and anadromous forms of O. mykiss.  He oversees and coordinates data collection and necessary project operations.  Mr. Sankovich is responsible for coordinating ESA and other research activities in eastern Oregon.  He prepares manuscripts, study plans, budgets, reports, permits, detailed sampling plans, and schedules.  He also assists supervisor in personnel activities.  Mr. Sankovich has presented project results at numerous professional meetings and to public interest groups.  From 1992-1995 he worked as a fisheries research scientist for the Idaho Department of Fish and Game.

Qualifications:  

Since 1992 Mr. Sankovich has conducted or assisted in various investigations on listed salmonids and native trout.  He has extensive experience studying the life history and spawning behavior of salmonids, particularly chinook salmon, steelhead, and bull trout. He has also worked extensively with federally-listed species. 

Relevant Publications:

Jonasson, B. C., J. V. Tranquilli, P. Sankovich, E. S. Van Dyke, M. Keefe, and R. W. Carmichael.  In press.  Investigations into the early life history of naturally produced spring chinook salmon in the Grande Ronde River Basin.  Annual Progress Report.  Bonneville Power Administration, Portland, OR.

J. V. Tranquilli, P. Sankovich, E. S. Van Dyke, B. C. Jonasson, M. Keefe, and R. W. Carmichael.  1998.  Investigations into the early life history of naturally produced spring chinook salmon in the Grande Ronde River Basin.  Annual Progress Report.  Bonneville Power Administration, Portland, OR.

Sankovich, P., R. W. Carmichael, and M. Keefe.  1997.  Smolt migration characteristics and mainstem Snake and Columbia River detection rates of PIT-tagged Grande Ronde and Imnaha River naturally-produced spring chinook salmon.  Annual Report.  Bonneville Power Administration.

Sankovich, P., R. W. Carmichael, and M. Keefe.  1996.  Smolt migration characteristics and mainstem Snake and Columbia River detection rates of PIT-tagged Grande Ronde and Imnaha River naturally-produced spring chinook salmon.  Annual Report.  Bonneville Power Administration.

Sankovich, P., R. W. Carmichael, and M. Keefe.  1995.  Smolt migration characteristics and mainstem Snake and Columbia River detection rates of PIT-tagged Grande Ronde and Imnaha River naturally-produced spring chinook salmon.  Oregon Department of Fish and Wildlife, Fish Research Project 95-37, Annual Progress Report, Portland.

Timothy A. Whitesel, Fisheries Scientist, Conservation Biology Section, Oregon Department of Fish and Wildlife.

Education:  

Ph.D., Biological Sciences, University of Rhode Island, 1990.

M.S., Zoology, University of Rhode Island, 1987.

B.A., Philosophy, State University of New York, College at Fredonia, 1985.

B.S., Biology, State University of New York, College at Fredonia, 1983.

Professional Experience:  

For the past 10 years Dr. Whitesel has worked for the Oregon Department of Fish and Wildlife.  In that capacity he has served as the program leader for native trout studies, the coordinator for endangered species activities, and as a supervisory biologist for studies on threatened and endangered salmon and steelhead.  His work has focused on basic research with salmonids.  Dr. Whitesel currently has faculty status at Portland state University and has held faculty status at Eastern Oregon University and Stockton State College (NJ).

Qualifications:  

Currently, Dr. Whitesel has responsibility for the design and implementation of a BPA-funded study of bull trout genetics, life history, habitat needs and limiting factors in eastern Oregon as well as a project funded by the USFWS to evaluate movements and habitat requirements of westslope cutthroat trout.  He has coordinated activities for the state of Oregon that were associated with fish species listed as endangered or threatened.  He has also designed, implemented and conducted projects to evaluate chinook salmon and steelhead trout compensation, supplementation, and recovery efforts.  These programs focused on the use of hatcheries and revolved around traditional production projects, projects to supplement natural populations, and captive broodstock projects.

Relevant Publications:

Keefe, M., T.A. Whitesel and P. Angelone.  2000.  Induced mortality and sublethal injuries in embryonic brook trout from pulsed DC electroshocking.  N. Amer, J. Fish. Manag. 20: 320-327.

Whitesel, T.A., R.W. Carmichael, M.W. Flesher, and D.L. Eddy.  1998.  Summer steelhead in the Imnaha River basin, Oregon.  In, Lower Snake River Compensation Plan Status Review Symposium (D. Herrig, ed.); U.S. Fish and Wildlife Service, Boise.  p. 32-42.

Jonasson, B.C., R.W. Carmichael, and T.A. Whitesel.  1996.  Residual hatchery steelhead: Characteristics and potential interactions with spring chinook salmon in northeast Oregon.  Oregon Department of Fish and Wildlife, Fish Research Project, Annual Progress Report, Portland, Oregon.

Whitesel. T.A.  1993.  Comparison of juvenile Atlantic salmon (Salmo salar) reared in a hatchery and introduced into a stream:  a two-size-threshold model of smoltification.  Can. Spec. Publ. Fish. Aquat. Sci. 118: 239-247.

Keefe, M., T.A. Whitesel and H.E. Winn.  1992.  Learned predator avoidance behavior and a two-level system for chemosensory recognition of predatory fishes in juvenile brook trout.  In, Chemical Signals in Vertebrates, VI (R.L. Doty and D.D. Muller-Schwarze, eds.), Plenum Press, New York. p. 375-381.
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