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a. Abstract 
Nonnative trout invasions are widespread in the Columbia River basin in general and the Middle Snake in particular, yet their implications for fishery management are poorly understood.  In many, but not all cases, it is believed that nonnative trout can have adverse impacts on native salmonids.  These impacts can result from ecological (e.g., competition, predation) or genetic (e.g., hybridization) interactions, or both.  Efforts to manage factors related to salmonid productivity (e.g., harvest, hatcheries, habitat, hydropower) must also explicitly consider the issue of nonnative trout invasions.  For example, many wilderness areas contain large, relatively pristine habitats with minimal harvest; however, these habitats may support large populations of nonnative trout.  Management options for dealing with nonnative trout are limited and controversial.  Furthermore, there is little understanding of larger-scale patterns that could be used to support a more strategic approach to managing nonnative trout.

We propose to study nonnative brook trout invasions and their potential ecological and genetic impacts on native bull trout in the Middle Snake Province to provide better information for managing those species.  We will consider ecological impacts by looking at multi-scale (e.g., subbasins, subwatersheds, reaches) patterns in the distribution of bull trout and brook trout.  Our goal is to produce a series of models to predict brook trout distributions and their ecological impacts on bull trout.  Patterns of hybridization between bull trout and brook trout will also be described and analyzed in relation to local habitat and landscape characteristics to identify areas where hybridization is and may likely be a problem.  Finally, we will conduct a more focused genetic study of brook trout population structure to better understand how this species disperses through streams to colonize habitats. 

In addition, a coordinated approach to monitoring habitat status and trends in bull trout populations is needed to support recovery efforts. 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 to use the approach employed by the Oregon Plan for Salmon and Watersheds Monitoring Program (Nicholas 1997a; 1997b; 1999) as adapted to bull trout and other salmonids in the Oregon subbasins of the Middle Snake Province. This approach, successfully implemented in Oregon’s coastal watersheds, applies a rigorous sampling design to answer key monitoring questions, provides integration of sampling efforts, and has greatly improved coordination among state, federal, and tribal governments, along with local watershed groups.  The proposed project is high priority based on the high level of emphasis the NWPPC Fish and Wildlife Program and Subbasin Summaries, NMFS, and the Oregon Plan for Salmon and Watersheds have placed on monitoring and evaluation to provide the real-time data to guide restoration and adaptive management in the region.
b. Technical and/or scientific background
Bull trout-brook trout interactions

A major goal in restoration of aquatic ecosystems and associated fisheries is to restore natural ecological functions (e.g., Frissell and Bayles 1996; Bisson and Gregory 1997; Rieman et al., in press).  This goal is embodied in the many documents associated with salmonid fishes (trout and salmon) in the Pacific Northwest, including the Columbia River basin (e.g., Williams et al. 1999; Independent Scientific Group 2000; Northwest Power Planning Council 2000; U. S. Fish and Wildlife Service 2000; National Marine Fisheries Service 2000, 2001).  Restoration of fisheries in the Columbia River basin has been tied to the “Four-H” factors:  Harvest, Hydropower, Hatcheries, and Habitat.  One factor that is not directly addressed by the Four Hs is the widespread change in the fish fauna brought about by introductions of nonnative fishes.  Nonnative fishes representing a wide variety of taxa have extensively invaded the Columbia River basin, with potentially profound impacts on recovery and restoration of native species.  These dramatic changes in the fish community could affect the outcome of a wide range of management activities to mitigate effects of the Four-H factors on native fishes.

Recent work suggests that restoration of natural conditions (e.g., in-stream habitat structure, temperature, and flow regimes) may benefit native fishes, while potentially suppressing nonnative fish invasions (e.g., Moyle and Light 1996; Marchetti and Moyle 2001).  However, the case of salmonids is unique in that both native and nonnative species share many common physiological, genetic, and ecological characteristics.  Thus, the influence of various environmental conditions on native or nonnative species may not be as obvious.  Effects of habitat restoration may benefit both native and nonnative species, or benefit one at the expense of another.  For example, habitat restoration may benefit both native and nonnative salmonids in terms of their common physiological requirements (e.g., the need for clean, cold, and connected habitats), but ecological interactions (e.g., competition, predation, disease transmission) may be substantially altered at the same time.  Subtle changes in conditions favoring one species over another could result in displacement of natives by nonnatives, or result in strong native populations that are resistant to invasions by nonnative salmonids.  Our understanding of the interplay between environmental conditions and nonnative fish invasions is currently very limited, and managers face great uncertainty designing and prioritizing restoration activities.  Here, we propose to take a detailed look at nonnative brook trout (Salvelinus fontinalis) invasions to better understand factors that cause invasions to occur and impacts of these invasions on native bull trout (Salvelinus confluentus).

Native and nonnative trout are variably distributed in stream habitats throughout the Interior Columbia River Basin (Lee et al. 1997).  Brook trout occur in all of the subbasins in the Middle Snake province in Oregon and Idaho.  Patterns of species occurrence in stream basins are generally known, but have not been quantitatively analyzed in detail across any province within the Columbia River Basin (see Adams (1999) and Weigel et al. (2000) for local exceptions).  Nonnative species, especially brook, brown (Salmo trutta), and rainbow trout (Oncorhynchus mykiss; where hatchery fish have been stocked), may have negative impacts on native species, such as bull trout and resident rainbow trout (O. mykiss). 

The impacts of nonnative salmonids on native salmonids can be described in terms of ecological (e.g., competition, predation) and genetic (e.g., hybridization) impacts.  Both factors are probably important in determining the outcome of species.  Similarly, the causes of nonnative trout invasions can be investigated through both ecological and genetic means.  Due to the complexity of the potential problems, we propose addressing the causes and effects of nonnative trout from both genetic and ecological perspectives.  We believe a combined approach will provide much more robust inferences about biological patterns and potential mechanisms (see Dunham et al. 1999a; Rieman and Dunham 2000).

Proposed work

We propose to study the ecology and genetics of brook trout and bull trout within the Middle Snake Province to better understand the causes and potential impacts of nonnative trout invasions. Data on other native and nonnative species that occur in areas sampled for bull trout and brook trout will also be collected and analyzed as appropriate.

Ecological studies.  Multi-scale  patterns of fish distributions (e.g., patterns observed at subbasin, subwatershed, and reach scales) will be related to local habitat and landscape characteristics.  Analyses will be structured to determine the effects of habitat conditions on individual species, the potential influence of brook trout on the distribution of native salmonids, and how the influence of brook trout may be modified by environmental conditions (e.g., impacts may change in different environments).  We will consider a range of environmental conditions hypothesized to be important for salmonid fishes and species interactions, including natural thermal and discharge regimes, geomorphology, human disturbance (e.g., roads, timber harvest, stocking history), habitat size, connectivity, and landscape context.  The series of analyses associated with this work will produce a better understanding of factors that facilitate brook trout invasions and provide an indication of where impacts on bull trout distributions are most likely.

Genetic investigations.  Interspecific hybridization with native salmonids is recognized as one of the most important threats posed by nonnative trout (Allendorf et al., in press).  The distribution of hybridization between brook trout and bull trout will be used to identify localized areas of hybridization in relation to local and landscape characteristics.  

Patterns of hybridization between brook trout and bull trout have been studied in localized systems (e.g., Spruell et al., in press A), but patterns of hybridization across larger landscapes have not been described.  An understanding of patterns of hybridization in an ecological context will provide much better guidance for managing the genetic impacts of nonnative brook trout invasions.

We propose to use genetic techniques to describe the distribution of hybrids and to determine what genetic impacts hybridization and introgression may be causing.  We will then link the patterns of hybridization to landscape characteristics.  This combined approach should provide a much more complete understanding of the factors influencing hybridization.  In addition, the resulting data should direct managers toward improved management of these populations (see Products below). 

We will also use genetic information to better understand patterns of genetic variability among and within populations of nonnative brook trout.  This focused investigation will provide information on brook trout dispersal through stream networks.  There is currently little understanding of how nonnative brook trout colonize new habitats.  Recent work on brook trout within its natural range suggests genetic markers can provide important insights into the historical and ecological factors that affect population structuring (Castric et al. 2001). 

In summary, we will address the problem of nonnative brook trout invasions at multiple scales by analyzing both ecological and genetic patterns.  We believe this approach to understanding nonnative invasions will provide a more realistic picture of salmonid invasion biology that can be used to guide fisheries management (e.g., Rieman and Dunham 2000).

Monitoring

There is near 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 can be readily applied to recovery efforts across the State and the Pacific Northwest.

This proposal will provide the relevant data to quantify the current status and long-term trends in bull trout and other resident salmonids populations and the habitats they are dependent on in the Oregon portion of the Middle Snake Province.  The imminent risk this proposal addresses is the lack of information to quantify based on statistically rigorous methods the current status of fish populations and habitats in the region. This assessment will provide the underlying scientific information to guide the development of restoration and protection priorities that support subbasin assessments and the allocation of funds.  

c. Rationale and significance to Regional Programs

Bull trout-brook trout interactions

Scope of the problem

Current management of nonnative trout invasions is fraught with controversy.  In many parts of the Columbia basin, including the Middle Snake Province, nonnative trout have replaced fisheries for native salmonids that existed prior to isolation of the upper Snake River by mainstem dams.  Many popular recreational fisheries target nonnative trout, yet nonnative trout can have devastating impacts on native species.  The conflict between recreational values associated with nonnative trout fisheries versus protection of declining native species is an urgent management issue throughout the Columbia River basin.

Approaches to controlling nonnative species can also be extremely controversial.  For example, a common approach to controlling nonnative fishes is to eradicate them with chemical toxicants, such as antimycin (Buktenika 1997) and rotenone.  Toxicants are usually more effective than other methods of direct control (electrofishing removals, trapping, selective angling), but they also can pose significant risks to native species (including the native fishes the projects are intended to benefit; DeMarais et al. 1993), and often meet with social resistance (e.g., the Lake Davis incident in California).  The effectiveness of alternatives to direct removal of nonnative species (e.g., habitat management) is poorly understood.

Funding required for projects to control nonnative trout is substantial.  Funding requirements include the costs of initial consultations and project approval, costs associated with field operations, and follow-up monitoring.  Within the Middle Snake Province alone, the costs of projects to control nonnative trout could easily total several millions of dollars.

The choice to adopt any management approach should be informed by an assessment of threats posed by nonnatives, and potential benefits and impacts of management on native species (Table 1).  Because resources (e.g., time and funding) for managing nonnative trout are extremely limited relative to the size of the problem, it is essential to have a sense of where nonnative trout are likely to pose problems for native fishes, and what kinds of management alternatives are most feasible in any given situation.  This leads naturally to the need for a system to prioritize actions to control nonnative trout.  The need for prioritization is widely acknowledged in nearly all documents associated with fishery management in the Columbia River basin, yet management to control nonnative trout still proceeds on a “case-by-case” basis.

There are four basic patterns of co-occurrence between native and nonnative fishes that have important implications for management priorities.  These responses may be predictable at a variety of scales with a variety of different variables.  

Table 1.  Potential patterns of co-occurrence between native and nonnative salmonids.

Pattern
Explanations

Native salmonids only
Native fishes are resistant to nonnative invasions; OR nonnatives have not yet colonized due to other factors

Nonnative salmonids only
Nonnatives have invaded following depletion or loss of native salmonids and replaced them.  Nonnatives have actively displaced native salmonids.  For example, through predation, competition, disease transmission, or hybridization

Native and nonnative salmonids present
Native and nonnative species are able to coexist.  The time frame over which coexistence is expected is unknown.

No salmonids present
Migration barriers have prevented colonization by native and nonnative species, or habitat conditions have been rendered unsuitable for other reasons

Identifying priorities at multiple scales: moving from opportunistic to strategic management of nonnative species

Managers generally have information on where the priorities for managing nonnative fish may lie within their areas of responsibility.  In most cases, however, comprehensive surveys have not been conducted to put those problem areas into perspective.  Furthermore, there are no tools available to provide a sense of priorities at larger scales.  For example, there may be some indication of places where nonnative trout pose the greatest risks within a given area (e.g., upper Boise River), but how do the threats in this area compare to others (e.g., upper Powder and Malheur rivers)?  

It is clear the relative threats posed by nonnative trout could vary substantially across different scales, including variability among populations and subbasins.  Threats may result from different mechanisms acting in different areas.  A spatially explicit, multi-scale perspective is needed to provide strategic allocation of management actions to benefit native species on more than a “case-by-case” basis.  The alternative to a “strategic” approach is an “opportunistic” approach.  For example, removal of nonnative trout may be conducted in a system with easy access and strong stakeholder support.  It may be “easier” to complete this project, but it is possible that nonnative trout in the system may pose less of a threat than nonnative trout in other systems where work may be more difficult.  If the overall management goal is to benefit the species as a whole, with reference to threats posed by nonnative fish, then each management action must be evaluated in the context of the overall goal, not just local costs and benefits.

In summary, prioritization must address the following questions:

1. What is the current distribution of native and nonnative species?

2. What factors (e.g., environmental conditions) are associated with patterns of co-occurrence of native and nonnative species?

3. Where are nonnative invasions most likely to occur in the future?

4. Where are threats posed by nonnatives more severe?  

5. Are threats posed by nonnatives ecological, genetic, or both?

6. Do these threats vary at different scales?  

Without answering these questions, management will continue (because nonnative fish are an urgent issue) by essentially treating isolated symptoms of the problem with little understanding of the causes, risks, or priorities.  Our proposed research will address these key questions to provide an important first step toward more effective prioritization of management efforts to manage nonnative trout in the Middle Snake Province.  This work should also serve as a model for developing tools to address similar problems with nonnative trout and other species throughout the Columbia River basin.

c. Rationale and significance to Regional Programs
Columbia Basin Fish and Wildlife Program.  The Columbia Basin Fish and Wildlife Program (CBFWP) fully recognizes the importance of mitigation for native resident fishes, including ESA (Endangered Species Act) listed species, such as bull trout.  In regard to resident fishes, the CBFWP states the following needs for mitigation of hydrosystem effects on resident fish populations:

“Complete assessments of resident fish losses throughout the basin resulting from the hydrosystem, expressed in terms of the various critical population characteristics of key resident fish species.”

“Maintain and restore healthy ecosystems and watersheds, which preserve functional links among ecosystem elements to ensure the continued persistence, health, and diversity of all species, including game fish species, non-game fish species, and other organisms”

The statements above highlight the need to better understand how important native and nonnative game fishes (such as salmonids) can be managed to attain multiple objectives, such as ecosystem integrity and sustainable consumptive and non-consumptive fisheries.  

Furthermore, the CBFWP recognizes the need for mitigation of lost anadromous fisheries above human barriers (“resident fish substitution policy”).  Again, the multiple fishery restoration objectives and options span the range from native to wild nonnative to hatchery-reared fish stocks:

“Administer and increase opportunities for consumptive and non-consumptive resident fisheries for native, introduced, wild, and hatchery-reared stocks that are compatible with the continued persistence of native resident fish species and their restoration to near historic abundance (includes intensive fisheries within closed or isolated systems).”

Much of our work will be focused on habitats that may be classified in terms of “off-site mitigation.”  The CBFWP recognizes the role of these habitats in off-setting impacts of the hydrosystem on important fisheries:

“Changes in the hydrosystem are unlikely within the next few years to fully mitigate impacts to fish and wildlife.  However, the Northwest Power Act allows off-site mitigation for fish and wildlife populations affected by the hydrosystem.  Because some of the greatest opportunities for improvement lie outside the immediate area of the hydrosystem --- in the tributaries and subbasins off the mainstem of the Columbia and Snake Rivers --- this program seeks habitat improvements outside the hydrosystem as a means of off-setting some of the impacts of the hydrosystem.”  

Subbasin summaries (http://www.cbfwa.org/files/province/midsnake/subsum.htm).  The draft subbasin summaries are consistent with the CBFWP in recognizing the need to consider both native and nonnative salmonids for attaining fishery restoration and management objectives.  Statements of fish and wildlife needs in the summaries repeatedly refer to the impacts of nonnative species invasions and the need to better understand them, and also refer to the relative lack of knowledge of resident native fishes, such as bull trout. For example, the Powder Subbasin Summary specifically identifies the need to determine the extent and magnitude of nonnative species interactions and hybridization with bull trout to better define treatment options.  The Lower Middle Snake and Malheur subbasin summaries call for determination of the distribution and abundance of native and nonnative species and the effects of nonnative species, including hybridization.  The Malheur Subbasin Summary also recommends control of brook trout in bull trout areas and reduction of possible brook trout X bull trout hybridization.

NMFS-USFWS “Reasonable and Prudent Alternatives.”  Biological opinions issued by National Marine Fisheries Service (NMFS 2000), and U.S. Fish and Wildlife Service (USFWS 2000) for hydrosystem operations and fisheries mitigation in the Columbia River basin identify a number of reasonable and prudent alternative (RPAs) to avoid jeopardy to listed fish.  At least one RPA related to tributary habitat needs would be addressed by research proposed (see NMFS 2000). Offsite habitat enhancement measures, as specified in RPA 152, would be greatly enhanced with information from this research .
The USFWS biological opinion focused on fisheries mitigation for listed bull trout in the Columbia River basin.  Many issues over use of habitat within areas most obviously affected by the hydrosystem were listed.  Research proposed herein will complement the goal of bull trout conservation by providing key information on the ecological requirements of bull trout in headwater habitats, which are used extensively for spawning and early rearing.  These habitats supply most of the migratory bull trout that use the larger streams, lakes, and reservoirs that are more directly affected by the hydrosystem.  

NMFS Guidance Regarding BPA/NW Council Columbia Basin Provincial Review Solicitations.  Our objectives in this proposal are very consistent with guidelines outlined by NMFS.  The guidance calls for “ecological context in habitat initiatives” and for approaches that “identify and provide rationale for measurable benefits to specific salmonid life stages in a spatially explicit manner.”  Our research products will address the issue of “context” and “space” in several ways (see Luce et al. 2001 and Rieman et al. 2001 for other examples).  Most obvious is the importance of understanding habitat restoration alternatives in the context of nonnative salmonid invasions.  Which habitat restoration options are likely to benefit native fishes the most?  Are some habitat restoration efforts likely to benefit nonnative fish more than native fish?  

Context is also important in terms of evaluating individual habitat restoration projects in relation to larger-scale objectives.  For example, how does restoration in stream “X” benefit the species/ESU/region as a whole?  All restoration projects are “local,” but they must also be consistent with attaining larger regional goals to be truly effective.  Our multi-response, multi-scale investigation of the causes and effects of nonnative invasions will provide managers with new information and new tools for understanding the context of management alternatives.

Interior Columbia Basin Ecosystem Management Project.  The science assessments in the Interior Columbia Basin Ecosystem Management Project (ICBEMP) have played a critical role in providing regional perspectives on management opportunities (e.g., Rieman et al. 2001).  The focus for salmonids was primarily on native species (Lee et al. 1997; Rieman et al. 1997; Thurow et al. 1997), and our work will complement these assessments by including information on nonnative salmonids.  Furthermore, we intend to further examine the factors considered in the larger-scale assessment with finer-scale environmental data and more detailed information on biological responses (both ecological and genetic indicators).  This will allow us to biologically validate many of the relationships indicated by the ICBEMP analysis.

Return to the River 2000.  A central focus in the review of the Northwest Power Planning Council’s Fish and Wildlife Program by the Independent Scientific Group (Williams et al. 1999; ISG 2000) was the “normative river” concept.  This concept is embraced in many disciplines and is increasingly advocated in aquatic restoration (Rieman et al., in press).  The practical application of this concept to the Columbia River basin hinges critically on the role of nonnative species, of which nonnative salmonids are a dominant component.  Many habitats considered to be relatively “pristine” in the physical sense (e.g., cold, clean, and connected) are not pristine in the biological sense (e.g., they have strong populations of nonnative trout).  Management for protection and restoration of habitats must, therefore, explicitly consider the issue of nonnative salmonids.  Return to the River also identifies spatial processes (e.g., patterns of intraspecific diversity, metapopulation structure) as important, but often ignored components of salmonid recovery (see also McElhaney et al. 2000).  Our past work has played a central role in applying these concepts to bull trout and other salmonids (Rieman and Dunham 2000; Dunham et al., in press; Spruell et al., in press B), and our proposed research will explicitly address the importance of spatial processes for nonnative salmonid invasions and the distribution of native salmonids in headwater streams.

Monitoring

The program described in this proposal is consistent with and supports the monitoring needs specified by the amended NWPPC’s Columbia Basin Fish and Wildlife Program and Subbasin Summaries, NMFS 2000 FCRPS Biological Opinion, and the Oregon Plan for Salmon and Watersheds.  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 subbasin summaries this proposal addresses  call for a framework for the coordination and integration of monitoring efforts and increased monitoring of the status trends in anadromous and resident fish populations and habitats 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) scale.  The purpose of the monitoring and evaluation program is to assure that the effects of actions taken under subbasin 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.

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.  ODFW’s monitoring proposal for the Middle Snake Province Project Selection 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.

d. Relationships to other projects 

Bull trout-brook trout interactions

Our project is relatively unique in that the focus is on nonnative trout and their impacts on native resident fish.  As indicated above, this is a key component of fisheries restoration in the Columbia River basin, but it is infrequently addressed (also see Weigel et al., in revision; Hemmingsen et al. 2001).  Though the focus of our project is unique in many aspects, it will be linked to several recently completed and ongoing projects.  We have a strong record of interagency collaboration (Rieman and Chandler 1999; Spruell et al. 1999; in press A and B; Dunham and Chandler 2001), and much of our work will build on existing datasets (e.g., Lee et al. 1997; Rieman et al. 1999) assembled through our past efforts involving collaboration with numerous university, agency (state and federal), tribal, and private partners (see http://www.fs.fed.us/rm/boise/fish/fisheries.htm).  
The U.S. Fish and Wildlife Service is in the process of drafting a recovery plan for bull trout, and has indicated a strong interest in the research questions we propose to address here (Contact Sam Lohr: 208-378-5264).  We have played an active role in advising the recovery team on technical issues and providing new information for recovery planning.  Examples include recent collaborations with U.S. Fish and Wildlife Service in Washington State (Contact Paul Wilson: 360-696-7605), related work on bull trout throughout the region (e.g., Rieman and Chandler 1999; Dunham and Chandler 2001; Peterson et al. 2001), and project data provided to the Malheur and Powder-Pine recovery unit planning teams.

Population structure of bull trout in the Boise Basin

The Boise Basin is the site of considerable past and current research on bull trout and other species supported by RMRS and collaborators.  Currently work with Bureau of Reclamation and Idaho Fish and Game is designed to describe the genetic population structure and diversity for bull trout populations throughout the basin.  Previous work has focused on patterns of occurrence associated with the size and geometry of suitable habitats (Rieman and McIntyre 1995; Dunham and Rieman 1999).  The combination of ecological and genetic information has proven to be particularly useful in understanding important processes structuring populations and guiding further research and management.  Our experience in the Boise and similar systems in the Middle Snake provides a support for the new work proposed here.  By linking our existing understanding of suitable habitats, population structure, and persistence with new work on patterns of invasion and hybridization we can provide a far more detailed foundation for prioritization and the evaluation of ecological threats.   By building on the collaborative efforts already underway, we have the opportunity to extend limited resources to their greatest benefit.

BPA Project 9107 North Fork Malheur River Bull Trout and Redband Trout Life History Study
Our project has previously coordinated with project 9107 by providing information regarding project design and methods. The Burns Paiute Tribe is planning to submit a proposal for the Middle Snake province that will include objectives and tasks related to hybridization between brook trout and bull trout in the Middle Fork Malheur River.  If both of these proposals are funded, we will continue to coordinate with the tribe to ensure our mutual objectives are attained and avoid duplication of effort (Dan Gonzalez and Lawrence Schwalbe, Burns Paiute Tribe, personal communication).  

Inland West Water Initiative

The Weiser, Payette, and Boise subbasins have been part of an ongoing effort by the U.S. Forest Service Inland West Water Initiative (see http://fsweb.r2.fs.fed.us/iwwi/index.html).  The goal of this effort is to develop landscape and fish status data for the entire inland western region.  Biologists at the Rocky Mountain Research Station in Boise have played an important role in developing and maintaining this database (K. Overton, personal communication).

There are undoubtedly other projects that may be related to the studies proposed herein, but we are not aware of any work that would be in conflict or duplicate our efforts.  To ensure strong collaboration and to minimize duplication of effort, we will engage biologists (e.g., state, tribal, federal, private) working within the province to the fullest extent possible.  This will involve sharing of information and ideas to assist in study design and assimilation of additional data sets that may be useful for this study.  

e. Project history (for ongoing projects)

Bull trout-brook trout interactions

We identified the distributions of bull trout and introduced brook trout and their associated habitat characteristics in 17 Oregon streams during 1996 and 1997 (Bellerud et al., 1997; Hemmingsen et al. 2001).  Suspected bull trout X brook trout hybrids were also identified using phenotypic characteristics (Markle 1992). Studies were conducted on Canyon Creek and Roaring River (Metolius River, Deschutes subbasin); Crane Creek, Baldy Creek, Crawfish Creek, the upper North Fork John Day River, and the upper mainstem John Day River (John Day subbasin); Big Creek and Meadow Fork Big Creek (upper Malheur River, Malheur subbasin); Indian Creek, North Fork Anthony Creek, the North Powder River, Lake Creek and Little Cracker Creek (Powder subbasin); Hurricane Creek, Bear Creek and Goat Creek (Wallowa River, Grande Ronde subbasin).

In each stream we systematically electrofished a 100-m reach per kilometer, beginning at its mouth or 2 km downstream of the lower limit of bull trout distribution determined from existing survey data.  We determined the presence or absence of bull trout and brook trout by electrofishing once upstream (single-pass) without blocknets.  When no individuals of a given species were detected in two reaches 1-km apart, an additional intermeditate 100-m section was sampled.   From this sampling, we determined the lower distribution bounds of allopatric bull trout, the upper distribution bounds of allopatric brook trout, and the zone of sympatry of both species.  In zones allopatric for bull trout and brook trout, we measured habitat in four 500-m reaches (two km total) that alternated with un-surveyed reaches of equal length.  One 500-m reach was surveyed in the zone of sympatry.  Habitat was assessed using methodology based on Hankin and Reeves (1988) and Moore et al (1997).  Electronic temperature loggers (“hobo-temp”, Onset Computer Co.) were placed within zones of distributions, and most operated from June through September.

Analysis of the data showed no statistically significant differences between reaches allopatric for bull trout, allopatric for brook trout, and sympatric for both species for 36 of 37 habitat variables.  However, comparisons were of low statistical power due to high variability of the data.  Stream gradient was the only habitat variable to show statistical significance, but only when brook trout reaches that originate in headwater lakes were excluded from the analysis.  Then, the overall mean gradient of reaches allopatric for bull trout was significantly higher than the overall mean gradients of reaches allopatric for brook trout or sympatric for both species.  However, brook trout occupied high (5-25%) gradient reaches when these originated in headwater lakes.  Brook trout were found at higher gradients when they were allopatric rather than sympatric with bull trout.  We evaluated seven habitat variables associated with quality bull trout habitat:  shade, undercut, riffle gravel, bank erosion, riffle fines, number of pieces of large wood and volume of large wood (Dambacher and Jones 1997).  Habitat quality was lower in allopatric brook trout reaches than in sympatric bull trout and brook trout reaches in six of seven cases.  Habitat quality was higher in allopatric bull trout reaches than in sympatric bull trout and brook trout reaches in six of 10 cases (Hemmingsen et al. 2001).

During mid-July through August, the period of warmest water in the streams sampled, water temperatures were significantly cooler in allopatric bull trout reaches than in reaches allopatric for brook trout or sympatric for both species.  Stream reaches with allopatric bull trout had a greater proportion of temperatures below 9o C than reaches with allopatric brook trout or sympatric for both species.  Stream reaches with allopatric brook trout had greater proportions of higher temperatures, particularly above 12o C, than reaches allopatric for bull trout or sympatric for both species (Hemmingsen et al. 2001).

We conducted studies of diets and feeding behaviors of bull trout and brook trout in two second-order streams, the upper North Powder River (Powder subbasin) and Meadow Fork of Big Creek (Malheur subbasin).  In 1996 and 1997 we collected stomach contents from allopatric bull trout and sympatric bull trout and brook trout (229 total fish).   We also described the macroinvertebrate community (drifting and benthic) in allopatric bull trout and sympatric bull trout and brook trout reaches in both streams.  Diets for all fish were dominated by aquatic Diptera and Trichoptera larvae, Ephemeroptera nymphs, and terrestrial insects.  Sympatric bull trout and brook trout had substantial dietary overlap and completely overlapping patterns of electivity.  Results showed little evidence of food resource partitioning between the two species, and little evidence of changes in bull trout diet when brook trout are present (Gunckel 2001).

Behavior studies focused on habitat use, foraging rates, and agonistic interactions of the two species.  During 1998 allopatric and sympatric bull trout and brook trout in their natural environment in Meadow Fork of Big Creek were observed using day-time snorkeling conducted once weekly for six weeks.  These observations of free-ranging fish provided little evidence of resource partitioning, since sympatric bull trout and brook trout had similar feeding behaviors and habitat associations (Gunckel 2001).  During 1997 and 1998, we placed 20 in-stream enclosures in headwaters of the North Powder River (Powder subbasin) and Meadow Fork of Big Creek (Malheur subbasin).  These enclosures contained allopatric bull trout and sympatric bull trout and brook trout of similar sizes.  Enclosed fish were observed using day-time snorkeling conducted up to eight times weekly for six weeks.  Food resources were reduced in the enclosures, enhancing the potential for competition.  Under these conditions bull trout and brook trout again had similar feeding behaviors and habitat associations.  There was no evidence of a niche shift for bull trout in the presence of brook trout.  However, compared to enclosed bull trout, enclosed brook trout were highly aggressive, usually maintained dominance, and grew faster.  These results suggest that when resources are scarce, competition between the two species is likely and the displacement of bull trout may occur (Gunckel 2001).

Genetics

Results of the genetic analysis of bull trout populations throughout Oregon and the Northwest previously completed for this project were reported by Spruell and Allendorf (1997) and can be found in Spruell et al., in press B. Populations were sampled from the Powder, Malheur, and Snake Lower Middle (Pine and Indian crs.) subbasins in the Middle Snake Province.  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.
Monitoring

With regard 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 to evaluate the use of spawning surveys for monitoring bull trout.  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 from 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.  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).  

f. Proposal objectives, tasks and methods

Bull trout-brook trout interactions

General objectives and study overview

We propose studying patterns of occurrence, distribution, interspecific hybridization, and genetic variability of native bull trout and nonnative brook trout in the Powder, Malheur, Snake Lower Middle (Pine Cr.), Payette, Weiser, and Boise subbasins to test a suite of hypotheses related to the following objectives:

1) Describe the physical and biotic conditions that may facilitate successful invasions of brook trout.

2) Estimate the ecological and genetic effects of nonnative brook trout on native bull trout.

Our study will involve collection of new information, both in the field and laboratory, to provide ecological and genetic information, respectively.  The study design will involve a large-scale investigation of patterns across landscapes, and a series of smaller scale, more detailed investigations to better understand specific patterns and potential mechanisms.  

Ecological studies and tissue collections for genetics will be primarily conducted by Oregon Department of Fish and Wildlife (ODFW), U.S. Forest Service Pacific Northwest (PNW) and Rocky Mountain Research Station (RMRS), and genetic analyses will be conducted primarily by the Wild Salmon and Trout Genetics Laboratory (WSTGL) at the University of Montana.

Questions to be addressed

The distribution of native and nonnative trout may be purely a function of environmental factors if species interactions are unimportant.  However, because nonnative trout have frequently been implicated in the decline of native salmonids (e.g., Rieman and McIntyre 1993; Young 1995), it appears likely that species interactions are important.  Nonnative trout invasions may be slowed or impeded altogether by “biotic resistance” from native salmonids (the dominant group of fishes in headwater streams).  Alternatively, native species may be displaced (e.g., by species interactions) or replaced (e.g., habitat conditions favoring nonnatives) by nonnatives.  Furthermore, the effect of one species on another species’ distribution may depend on spatially variable environmental conditions.  

The distribution of Lahontan cutthroat trout in the Great Basin, studied by Dunham et al. (1999b), illustrates these possibilities.  The distribution of Lahontan cutthroat trout in streams follows predictable elevation gradients in streams where nonnative brook trout are not present.  When nonnative brook trout are present, the distribution of Lahontan cutthroat trout is significantly reduced in a consistent direction (cutthroat trout are isolated in headwater streams), but the reduction in distribution is highly variable.  Some streams appear to show little or no effect of brook trout, in terms of species distributions, while others indicate dramatic displacement or replacement.  Dunham et al. (1999b) did not have sufficient information to explain the variability in the distribution of brook trout (invasion success) or the variable effects of brook trout on the distribution of Lahontan cutthroat trout (or vice-versa).

In this study, we anticipate a large degree of variability in the success of nonnative brook trout invasions and their effects on the distribution of bull trout.  By analyzing relationships among fish distributions and environmental variables at a number of spatial scales, we expect to find patterns that can be used to provide answers to the following questions: 

1) Where are nonnative brook trout likely to occur in unsampled areas and what areas are they likely to invade where they do not presently occur?

2) Where are bull trout likely to occur in unsampled areas?

3) Where do brook trout and bull trout affect each other in sampled areas and where are they likely to affect each other in unsampled areas in terms of species distributions (ecological effects) and genetics (e.g., hybridization)?

4) How do local habitat and landscape characteristics relate to these patterns?

5) What insights into the patterns of invasions by brook trout do genetic markers provide?

This study is essentially a retrospective analysis that will attempt to explain the factors that have influenced the extent and impacts of invasions following the introduction of nonnative brook trout to headwater habitats supporting native bull trout.  Our approach is correlative, which means that specific mechanisms of species interactions cannot be directly inferred.  Community ecology has a long history of debate regarding the various approaches to studying community structure and species interactions (Crowder 1990).  The topic of brook trout invasions in the west has been addressed primarily through smaller-scale correlative or experimental studies to define mechanisms of species interactions.  These studies have provided important insights into several potential mechanisms, but due to the limited scope of inference of each study, this large body of work (see the literature review at http://www.brrc.unr.edu/data/animals/appendix1.html) has not provided any generalized guidance that can be applied to management.  Our study design and the factors we will consider will be guided by results from this work, but we do not intend to draw unequivocal conclusions regarding specific mechanisms of species interactions.  Our experience indicates the most efficient guidance for managers in the short-term will come from predictive models of fish distributions and genetic patterns that do not rely on the details of specific mechanisms.  We fully acknowledge the importance of understanding the mechanisms behind ecological interactions, but our understanding of nonnative trout invasions will take a very long time to fully develop.  In the meantime, managers must have some sense of how to design and prioritize their efforts to most efficiently maintain and enhance fisheries for native and nonnative species.

Specific objectives and methods

Our proposed study consists of three individual objectives to address the genetics and ecology of nonnative brook trout invasions.

Objective 1.  Determine distribution and habitat characteristics of bull trout and brook trout populations.

Our basic premise is that the distribution of bull trout and brook trout in headwater tributaries can be predicted by local habitat and/or landscape characteristics.  We anticipate patterns of occurrence of those species in headwater streams can be predicted by basic elements of habitat quality, including stream size, temperature, disturbance, and connectivity.  

For this objective, we intend to collect new data in the field to complement gaps in existing datasets and to permit more refined testing of the hypothesis and predictions outlined below.  Some data on distributions and habitat characteristics of sympatric bull trout- brook trout populations in the province were previously collected for this project  (Bellerud et al. 1997; Hemmingsen et al. 2001) (see Project History).
Our study design will address habitat at several scales.  In each subbasin we will identify 1-4 fourth-code hydrologic units (HUC) to sample.  Within each fourth-code HUC we will sample a number of 6th code subwatersheds.  We will focus on distributions and habitats of juvenile and resident adult forms of bull trout and brook trout. Within each 6th code subwatershed, fish occurrence and habitat characteristics will be surveyed in a longitudinal (upstream-downstream) array of stream reaches.  Stream reaches will be at least 100 meters in length (see Peterson et al. 2001).  Fish will be sampled with electrofishing or night snorkeling, using blocknets (Thurow 1994; Peterson et al. 2001; Dunham and Chandler 2001).  Recent research (Peterson et al. 2001) indicates these are the most efficient methods for sampling bull trout in headwater streams.  Habitat measurements will follow standard protocols (Platts et al. 1983; Overton et al. 1997, Jones and Moore 1999), as modified in our recent work on bull trout in other areas (Dunham and Chandler 2001).

At this stage, we anticipate including several specific factors related to status or distribution of species, based on our experience and reviews of the literature.  Some of these apply at a local (e.g., reach) scale, while others are more relevant at larger (e.g., “landscape”) scales (e.g., Fausch et al. 1994; Dunham and Rieman 1999). Specific variables known to be important are described below in more detail.  Additional variables may be added or modified.  

Habitat size.  Habitat size is important at both local and landscape scales.  At a landscape scale, watersheds with larger areas of suitable habitat (e.g., cold water) are known to have a higher probability of supporting local bull trout (Rieman and McIntyre 1995; Dunham and Rieman 1999) and cutthroat trout (Dunham et al., in press a) populations.  The mechanism driving the habitat size effect could be related to larger population size, or greater habitat or life history diversity (Rieman and Dunham 2000).  Relationships between occurrence of brook trout and habitat size have not been defined, but we predict a pattern similar to that observed for native species.  

At a local scale, habitat size may also be important.  Local variation in stream size, discharge, pool size (e.g., in or off-channel habitats, beaver ponds) may explain the distribution of fish within streams (Rieman and McIntyre 1995; Schroeter 1998; Dunham and Rieman 1999; Rieman et al. 1999).  There is some covariation between stream size and watershed area (e.g., Rieman and McIntyre 1995), but spatially structured analyses (e.g., Dunham and Rieman 1999) can distinguish the effects of stream size independently of watershed area.

Temperature.  Many native salmonids, including bull trout are sensitive to warm water temperatures.  For example, the distribution of bull trout is limited primarily to streams with maximum daily or mean summer temperatures of about 21 and 15 C, respectively (Rieman and Chandler 1999; Dunham and Chandler 2001).  Nonnative salmonids may be less sensitive to warm water temperatures, and could potentially have an ecological advantage in warmer water (e.g., DeStaso and Rahel 1994).  Data previously collected for this project suggest temperature differences in reaches occupied by bull trout vs. brook trout (Hemmingsen et al. 2001) (see Project History).
Disturbance.  “Disturbance” in the form of human-caused alterations of stream habitats, is believed to be an important mechanism leading to successful invasions of nonnative fishes (Moyle and Light 1996).  Disturbance at the scale of entire watersheds may be indicated by high densities of forest roads, or other patterns of land use or ownership (Lee et al. 1997).  Changes in the natural flow regime, as related to flow regulation or landscape alteration (Poff et al. 1997) may also be important (Marchetti and Moyle 2001; Fausch et al., in press).

Spatial structure (e.g., habitat connectivity and distribution of habitat types on the landscape).  The spatial context of habitat is an important factor affecting persistence of salmonid populations (Rieman and Dunham 2000).  Source-sink dynamics that may drive invasions may be dependent on the spacing of appropriate spawning and rearing habitats on the landscape (Schlosser 1995).  

Isolation of native trout above human-caused (e.g., dams, culverts, stream diversions) or natural barriers (e.g., natural subsurface flow, steep channel slopes, waterfalls) may prevent invasion of nonnatives and provide a refuge from species interactions (e.g., predation, competition, hybridization) that could otherwise lead to displacement of natives.  

Conversely, isolation of native populations above barriers could lead to local extinctions (e.g., Dunham et al. 1997).  Furthermore, accidental or intentional reintroduction of non-natives upstream of barriers may be more detrimental if native fish abundance is depressed due to the effects of isolation (Thompson and Rahel 1998).

Increased life history variation in interconnected stream habitats may support native salmonid populations that are more resilient in the face of natural and human-caused disturbances (Rieman and Dunham 2000), and potentially less “invasible” by nonnative trout.  For example, bull trout often have a migratory life history, whereas nonnative brook trout do not in the West.  Because migratory fish are generally larger, more fecund, and more able to utilize a diversity of resources, populations of native fishes with a strong migratory component may be more resistant to invasion by nonnatives.

At a larger scale, habitat connectivity (connections among different habitats) may be important (Rieman and Dunham 2000).  Habitat connectivity in streams is unique from other habitats in that streams are linear pathways for dispersal, and the direction of dispersal (up- versus downstream) can be important as well.  Headwater lakes deserve special attention because nonnative salmonids are frequently stocked into them to support recreational fisheries.  Fish in these headwater lakes may colonize outlet streams via downstream dispersal (Adams et al. 2001).  Dispersal in a downstream direction is clearly a more effective pathway for invasions, in comparison to upstream dispersal (Adams et al. 2001).

Biotic factors.  Biotic resistance to invasion, either by native or by other non-native fishes, may influence patterns of invasion.  For example, brown trout are known to reduce abundance of brook trout (Waters 1983) and in the native range of brook trout, introduced rainbow trout are thought to preclude brook trout at lower elevations (Larson et al. 1995).  Therefore, a population of one salmonid species at low elevations may insulate higher elevations in the drainage from invasion.

There are clearly other factors that could be included in our analysis to develop predictive models (e.g., Fausch et al. 1988).  These include variables that are easily derived from maps, such as basin or stream channel slope, confinement, and elevation.  Other variables, such as stocking history, may be valuable (but see Paul 2000).  Selection of predictors will be driven by several factors, including cost and precision of measurement, and relation to specific hypothesized mechanisms. 

Tasks

1.1 
Design field studies based on consideration of existing data and input from local biologists.

1.2 
Measure habitat characteristics and determine the distribution and densities of bull trout and brook trout within selected study areas/stream reaches. This task will be coordinated with Objective 4 (population and habitat monitoring) to achieve efficiencies and economies where possible, given differences in the objectives addressed, scales of inference, and needed data resolution.

1.3
Develop predictive models of fish status and distribution in relation to local habitat and landscape characteristics.  Incorporate effects of potential species interactions into the analysis.

Objective 2.  Describe patterns of hybridization in brook/bull trout.

Patterns of hybridization between brook trout and bull trout have not been studied in relation to ecological factors.  We will sample fish from a subset of subwatersheds to determine the degree of hybridization between co-occurring brook and bull trout.  Habitat variables measured in the second objective will be related to patterns of hybridization.  In essence, hybridization will serve as an additional response that will complement our ecological view (e.g., distribution) of nonnative invasions.  It is possible that ecological effects of nonnative invasions could differ from genetic effects.  For example, we may find that hybridization in a particular basin is widespread, but that the distribution of native genotypes is unaffected by the presence of nonnatives.  Alternatively, we may observe strong ecological segregation between species with no evidence of hybridization.
Tasks

2.1
Collect genetic samples (fin clips) from fish populations in subwatersheds distributed throughout major study basins.
2.2 
Use PINE-PCR to identify areas in which hybridization has occurred (see Spruell et al., in press A).
2.3
Describe the distribution of hybridization within and among the samples.

2.4
Develop predictive models of hybridization in relation to local habitat and landscape characteristics.  Compare patterns among major study basins.

Objective 3.  Describe pathways of brook trout invasion as indicated by patterns of among- and within-population genetic variation. 

Although brook trout are widely implicated in declines of bull trout and other native salmonids, their dispersal and population structure in the western United States is poorly understood.  Detailed studies of movements of brook trout in the West are lacking (Adams 1999).  Brook trout are known to be highly mobile in streams (e.g., Gowan and Fausch 1996) including movement through relatively high-gradient (>20%) stream reaches (Adams et al. 2000).  In regard to understanding patterns of invasions, it would be useful to have more detailed information on patterns of fish movement in contrasting habitats and a better understanding of habitat selection by mobile brook trout.  For example, preliminary genetic data (Adams, unpublished data) indicate strong spatial structuring among populations of brook trout in the South Fork Salmon River.  Distribution data from streams in the same area (including the Weiser River in the Middle Snake Province) indicate that many brook trout invasions have not expanded over the past 20 years (Adams 1999).  In summary, existing observations suggest that brook trout could be highly mobile, but that rates of dispersal could be relatively low.  

We will conduct an analysis of the genetic population structure of brook trout to better understand genetic relationships between potential source and colonized populations.  If brook trout are both highly mobile and have high levels of gene flow we would expect little differentiation among populations and substantial levels of variation to be maintained within populations.  Conversely, there may substantial differentiation among populations indicative of limited gene flow and natal homing, in spite of widespread movements by individuals.

In addition, we may be able to use the genetic relationships among populations to reconstruct the history of invasions.  For example, if a single lake were the original source of all brook trout within a system, a specific genetic signature would be expected.  We would expect the populations founded by this source to contain a reduced level of genetic variation and to contain a subset of the alleles found in the source.  If this population subsequently served as the source of a secondary invasion, the resulting population should exhibit even less variation.  

Tasks

3.1
Collect genetic samples (fin clips) from brook trout populations in selected watersheds
3.2 
Survey patterns of genetic variability as indicated microsatellite DNA markers (see Spruell et al. 1999; Castric et al. 2001).
3.3
Describe the distribution of variation within and among the samples.

3.4
Compare patterns of variability between source populations (e.g., headwater lakes, streams with well-documented stocking histories) and those founded by colonization.

Products

Completion of the proposed research will represent a major contribution to our understanding of nonnative brook trout invasions and their implications for bull trout management.  Objectives 1and 2 will provide managers with population-specific data and new models of species distributions and map-based inferences about the potential genetic and ecological impacts of nonnative trout.    Objective 3 represents a novel approach to understanding patterns of brook trout invasions.  These products can be directly applied to local and regional efforts to manage bull trout and nonnative fishes in a more strategic context.  Results of this work may be applicable to other fishes in the basin, and the approach should be relevant to addressing nonnative trout invasions in other provinces in the Columbia Basin.

Examples of specific management applications

The primary concern of managers is to minimize the effects of brook trout on native bull trout.  However, within the Middle Snake Province there appears to be a large amount of variability in the success of nonnative brook trout invasions and their impacts.  In some systems, the advance of brook trout invasions appears to be stalled.  In the Weiser River, the distribution of brook trout within streams has remained constant for many years (Adams 1999).  Brook trout are widespread in the region, but in some areas there are no detectable effects on bull trout.  An example would be the Boise River basin, where patterns of occurrence of bull trout within watersheds is not related to occurrence of nonative brook trout (Dunham and Rieman 1999).  More detailed work has similarly revealed only minor effects of brook trout on the distribution of bull trout within streams (B. Rieman, unpublished data).  Consequently, the need to control nonnative brook trout there may not be as urgent in comparison to other systems in the Middle Snake Province.    

Given the tremendous variation in the effects of brook trout on bull trout and the success of brook trout invasions, what are the important driving factors?  This is a very open question.  Managers face the daunting task of managing nonnative trout in a situation they are forced to treat the “symptoms” without understanding the causes problem.  Furthermore, it is currently very difficult to quantify “the problem.”  The potential problems addressed in this study include both genetic and ecological impacts of brook trout invasions.  In the meantime, efforts to control nonnative brook trout are proceeding in the face of this great uncertainty.

Efforts to control brook trout are usually motivated by consideration of potential ecological and genetic impacts of bull trout and depressed status of the populations.  This approach can work on a small scale, assuming control efforts can be conducted successfully and that brook trout are limiting the bull trout population.  However, because the information generated by this approach is site-specific, it is not possible to evaluate a local problem in the context of other areas.  For example, are threats posed by brook trout in area “X” more or less severe than area “Y”?  A modeling approach, such as proposed here, would more efficiently provide a perspective on where threats are most important at larger scales.

A “site-specific” informed approach is impossible to apply at larger scales because resources are not available to collect detailed ecological and genetic information at every potential site where management might be needed.  The site-specific approach is also relatively non-informative for applying to larger scales.  There is no unified study design, sampling protocol, or common set of factors being considered.  In contrast, the modeling approach proposed here would provide significant new information and a common framework for future development.  Until such a coordinated effort is supported, a widely applicable understanding of the problems and solutions to managing brook trout invasions will be slow to develop.   

Monitoring 

Objective 4.
Implement EMAP sampling framework developed for coastal Oregon watersheds (Firman and Jacobs, 2001; Stevens and Olsen, 1999) to monitor the status and trends in bull trout and other resident salmonid populations and their habitats throughout the Oregon portion of the Middle Snake Province.

Task 4.1  Sample 50 spatially-balanced, randomly selected 500-1000 meter reaches in the Oregon portion of the Middle Snake Province.  The sampling universe will be the range of juvenile salmonids in the Burnt, Malheur, Powder, Snake Lower Middle subbasins drawn from the 1:100k EPA River Reach file.  Since the Owyhee subbasin is contained within three states, it has been excluded from this proposal until a coordinated monitoring plan can be developed.  Sampling will be based on standard methods for habitat and population monitoring adopted by ODFW (Jones and Moore, 1999; Rodgers, 2000; Thom et al., 2000) and will be conducted annually from July-September.  Habitat sampling will determine current habitat conditions at the provincial and subbasin scales and allow for assessing how habitat conditions change in the future.  Current habitat conditions will also be compared to habitat benchmarks ODFW established in 1997 and 1998 (Dambacher and Jones, 1997; Thom et al., 1999).  Fish sampling through snorkeling, electro-fishing, and seining will determine the current distribution and trends in distribution and abundance for all salmonids at the provincial and subbasin scales.
g. Facilities and equipment
Field operations in Oregon will be conducted by ODFW and USDA Forest Service (PNW Research Station). Field operations in Idaho for Objectives 1-3 will be conducted by  USDA Forest Service (RM Research Statlion). Office space will be provided by ODFW, PNWRS, and RMRS.  Equipment to be used will include standard snorkeling gear, backpack electrofishing units, seines and dipnets, stream habitat survey equipment, and vehicles.  Computers, software, and technical statistical assistance are also available. Three electrofishing units will be needed for sampling fish distribution.

Genetic analyses will be conducted by the WTSGL, University of Montana.  The WTSGL has extensive experience working with genetic studies of salmonid fishes.  Equipment for all analyses proposed is available in the laboratory.

Schedule and Deliverables

Bull trout-brook trout interactions

2003 - Develop field study designs and protocols; coordinate with area biologists.  Evaluate existing data; develop or locate needed GIS and map-based landscape coverages. Full implementation of field sampling; data entry and summaries, preliminary analyses, preparationof year-one interim report.  Begin genetic analysis of tissue samples collected from field sampling.

2004 - Complete field and genetic data collection.  Development of final database.  Year-two interim report with preliminary analysis delivered.

2005 - Final data analysis and reports delivered.  Preparation of manuscripts for peer-reviewed journals.
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