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a. Abstract 
Isolation and fragmentation of habitats is believed to be one of the most important threats to the integrity of aquatic ecosystems in the Pacific Northwest (Lee et al. 1997; Rieman and Dunham 2000).  Artificial barriers to the movements of fish and other aquatic organisms are an important cause of isolation and fragmentation   Road culverts are perhaps the most significant and widespread barriers or partial barriers to fishes throughout the Columbia River basin.  A recent assessment by the U.S. General Accounting Office identified literally thousands of culverts in need of repair, replacement, or removal to facilitate fish passage in the region.  Region-wide, the cost of these efforts will easily exceed several hundred million dollars, and likely require several decades to implement.  The magnitude of the problem, coupled with limited time and funding suggests that prioritization of fish passage projects is an urgent need.  Existing tools for monitoring and evaluation of culverts do a good job of identifying potential fish passage barriers, but the actual effects of these barriers on upstream fish populations are poorly understood.  Fish populations and aquatic communities isolated upstream of culverts face a number of potential risks.  Our objective in this proposed study is to develop quantitative models that 1) predict where culverts pose the biggest threats to existing populations, 2) predict where the most ecologically important habitats upstream of culverts are, and 3) identify key factors that affect persistence of fish populations above culverts for different species.  The products from this work will provide immediately useful tools for evaluating the effects of culverts on fish populations and identifying high priority fish passage restoration opportunities.

b. Technical and/or scientific background
Road culverts and similar structures (e.g., dams, diversions, weirs) number in the thousands on streams on private and public lands within the western United States (Lee et al. 1997; GAO 2001; http://www.gao.gov/new.items/d02136.pdf).  Widespread culvert inventories are in progress on Forest Service and Bureau of Land Management lands in the western United States (GAO 2001).  The purpose of these inventories is to identify locations of culverts and their potential as fish passage barriers.  Elimination of fish passage barriers can have direct and immediate benefits, but the process can also be extremely expensive.  To date, inventories have identified literally thousands of culverts that could be potential fish passage barriers.  The estimated cost to restore fish passage exceeds $375 million, and full restoration could require decades to accomplish (GAO 2001).

Because both time and available funding is limited, there is an urgent need to prioritize repair, replacement, and removal efforts for culverts and other fish passage barriers (GAO 2001).  Prioritization should include a consideration of the degree to which culverts actually disrupt movements of different species, the ecological costs of that disruption, and the funding required for restoration (WDFW 2000; and see Luce et al. 2001; Figure 1).  Simply put, it is important to ensure the largest biological gains for the lowest cost.  

The question of prioritization was emphasized strongly by the GAO report (2001).  In Oregon and Washington, the U.S. Forest Service and Bureau of Land Management completed 141 fish passage restoration projects on culverts, providing access to an estimated 171 miles of habitat (GAO 2001).  The average amount of habitat gained per project was 0.82 miles.  Does this represent the maximal amount of habitat that could have been gained through these efforts?  Furthermore, did the habitat gained represent the best available habitat, in terms of population persistence or productivity?  These are difficult questions to answer with currently available information.  With our current state of knowledge, it is likely that culvert restoration efforts will be driven more by logistical, economic, and political opportunities, and less by a strategic, biologically based prioritization.  In the long-term, a stronger initial investment in our understanding of the biological priorities will provide the best returns on restoration projects to benefit fish populations.

Figure 1.  A conceptual overview of the process for prioritizing culverts for repair, replacement, or removal.  The first phase of evaluation (left column) involves determination of the culvert’s status as a fish passage barrier.  If the culvert is not a barrier, the evaluation stops.  If the culvert is a complete or partial barrier, the evaluation proceeds to consider the costs of restoring passage, and the risks to the affected fish population (alternatively, the potential biological benefits from restoration).  Together, these considerations should lead to an integrated prioritization of culvert restoration activities.
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Currently, the emphasis in culvert inventories and assessments is on fish passage.  Existing management tools for fish passage restoration include the following:

FishXing - http://www.stream.fs.fed.us/fishxing/; 

Washington State Protocol - http://www.wa.gov/wdfw/hab/engineer/fishbarr.htm).

These provide important guidance for culvert inventories, assessments, and engineering designs to improve fish passage.  

Fish passage is obviously important, but other biological considerations are equally important.  Given that a culvert is a complete or partial migration barrier, it is important to assess the value of the habitat upstream of the culvert to fish.  Risks that culverts pose to fish include the following:

1) Reduction in fish production within a given area (WDFW 2000).  For example, restoration of adult passage near the mouths of streams supporting large areas of potentially productive rearing habitat could substantially increase the area available for production and ultimately the size of a population. 
2) Extinction of fish populations upstream of the culvert.  Fish populations in smaller, more isolated habitats may be more vulnerable to local extinction following loss of fish passage (Rieman and Dunham 2000). 
3) Loss of ecological integrity and function from the loss or constraint of some species or life stages.  
Even if culverts are passable to adult salmonids migrating to spawn, they may not be passable to other life stages or species that are far less obvious but nonetheless dependent on free movement to exploit available habitats (Kahler et al. 2001).  As the list of threatened and endangered species and the disruption of whole aquatic ecosystems grows, the emphasis on habitat requirements in many areas has shifted from fish production to population persistence and community integrity.  Fish passage barriers such as culverts can pose significant threats, but there are no quantitative tools available to estimate the associated risks.  

c. Rationale and significance to Regional Programs
Relevance to current programs and assessments in the Columbia River basin

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, or species of concern, such as native inland rainbow 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 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 fish barriers and nonnative species. 

In regards to the Boise-Payette-Weiser Subbasin Summary (Grunder and others 2001), the proposal demonstrates a clear relationship to specific objectives in this summary.  The subbasin summary cites three specific objectives of the Idaho Department of Fish and Game from their 2001-2006 Fisheries Management Plan (IDFG 2001).  Objective 1 is to assess current stock status and population trends of native salmonids and their habitat.  Strategy 5 under this objective is to develop models that explain the occurrence and abundance of native salmonids based on measurable characteristics of stream habitat and landscape features.  Results will identify populations at risk and in need of recovery strategies, and will guide study designs for Objective 2.  Objective 2 states that, based on results from Objective 1, initiate studies to identify major limiting factors and life history and habitat needs for native salmonid populations throughout the middle and upper Snake River provinces, especially for populations most at risk of extirpation.  Objective 3 is to develop and implement recovery and protection plans based on results from Objectives 1 and 2.  The IDFG management of native salmonid populations would greatly benefit from the proposal by having a tool available to quantitatively evaluate the effects of stream road culverts on fish populations.  The IDFG could then approach land management agencies with these assessments in order to provide documented evidence of passage problems.  

In the statement of fish and wildlife needs cited in the Boise-Payette-Weiser Subbasin Summary (Grunder and others 2001), a general fisheries need is to fully inventory manmade and natural migration barriers for native fish and to develop methods to identify and prioritize barrier removal projects based on assessments of risk and benefit for basin-wide native fish populations.  The proposal would provide such a tool to meet this need.

Bull trout problem assessments developed by the State of Idaho for the Boise, Payette, and Weiser River drainages emphasize the mission of recovery for bull trout populations is to maintain and/or restore complex interacting groups (Steed et al. 1998; Steed 1999; Jimenez and Zaroban 1998; DuPont and Kennedy 2000).  A primary goal of the problem assessments is to institute recovery strategies that produce measurable improvement in the status, abundance, and habitats of bull trout.  The State of Idaho wants to concentrate resources and recovery efforts in areas that will produce maximum cost-effective, short-term returns and which will also contribute to long-term recovery.  This proposal would provide an important tool for this effort. In all four of these problem assessments, the authors cited that improperly placed culverts were potentially a major limiting factor for bull trout.  However, the multitude of potential barrier culverts posed a logistical problem for managers across such a huge landscape. The proposal would provide an invaluable tool for the state’s interdisciplinary effort.      

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 two RPAs related to tributary habitat needs would be addressed by research proposed herein, including Actions 150 and 152 (see NMFS 2000).  In particular, offsite habitat enhancement measures, as specified in RPA 152 would be greatly enhanced with information from the research proposed herein.
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.  In addition, the genetic data collected as part of this study will further delineate bull trout populations and allow us to better define the appropriate units (e.g., distinct population segments, recovery units) for conservation of this threatened species.

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 fish passage restoration.  Which 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 effects of culverts on fish will provide managers with new information and new tools for understanding the context of management alternatives related to culverts.

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).  Results of this work (Lee et al. 1997; Rieman et al. 1997; Thurow et al. 1997) consistently identified a negative association between roads and native salmonids.  The exact nature of the “road effect” was unknown, but roads are known to have a wide range of potential impacts on fish (Gucinski et al. 2001).  Culverts are one of the major influences of roads on fish populations.

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).  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).  Fish passage, spatial connectivity, and population persistence in the face of human influences is an important part of “normative” functioning of aquatic ecosystems.  Our past work has played a central role in applying these concepts to salmonids (Rieman and Dunham 2000; Dunham et al., in press), and provides key guidance for assessing the effects of culverts on fish populations.

d. Relationships to other projects 
The Idaho Department of Fish and Game has a keen interest in this proposal, as it would potentially provide a valuable tool to collect quantitative evidence of the effects of stream culverts on fish populations. They are interested in providing land managers such as the U.S. Forest Service, Bureau of Land Management, and Idaho Department of Lands with a resource to assist in prioritizing the investment of limited financial resources. It is their professional opinion that stream road culverts are one of the primary limiting factors for native fish populations in the Middle Snake River Province.  The IDFG has informed us that they have been involved in recent attempts to document the potential scale of culvert passage problems in the Boise, Payette, Weiser, and Salmon River drainages as part of the state’s recovery efforts for bull trout. They have been frustrated by how logistically difficult it is to collect this information, and by the widespread scale of the potential problem (Scott Grunder, Idaho Department of Fish and Game, personal communication). With little funding currently available, the state must prioritize where its money is spent.

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 our recent collaborations with U.S. Fish and Wildlife Service in Washington State (Contact Paul Wilson: 360-696-7605) and related work on bull trout throughout the region (e.g., Rieman and Chandler 1999; Dunham and Chandler 2001; Peterson et al. 2001).

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 host workshops to engage and inform biologists (e.g., state, tribal, federal, private) working within the province to the full 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) 

None – this is a new project

f. Proposal objectives, tasks and methods
Given that a culvert is a complete or partial migration barrier, it is important to assess the value of the habitat upstream of that culvert.  Habitat loss and isolation caused by culverts could to lead to local extinctions or lost ecological integrity.  Recent work has shown that the probability of occurrence for some fishes may be related directly to the size and relative isolation of habitat patches (Dunham et al. 1997; Dunham and Rieman 1999).  Those patterns may be used to infer extinction risks associated with habitat fragmentation.   Even if extinctions do not occur, significant changes in the structure of populations or communities can be anticipated with barriers or even seasonal restrictions to movement.  By evaluating the occurrence of significant discontinuities in population or community structure associated with culverts it should be possible to characterize risks to the integrity of aquatic ecosystems that are less dramatic but perhaps no less ecologically important than local extinction.
Objective

Our objective in this study is to develop quantitative models that 

1) predict where culverts pose the biggest threats to existing populations, 

2) predict where the best potentially occupied habitats upstream of culverts are, 

3) identify key factors that affect persistence of fish populations above culverts for different species, 

4) identify the key factors associated with significant disruption of population or community structure above culverts.
Products of this research could be directly incorporated into existing monitoring efforts to inventory fish passage barriers and evaluate their significance to fish populations and aquatic communities.

Methods

We propose to conduct an investigation to describe and model the effects of stream culverts on resident fishes within the Middle Snake Province.  Existing research within the province has provided important guidance on factors that are likely to be important when considering the population-level effects of stream culverts on fishes.  For example, occurrence of local populations of bull trout in the Boise River basin is tied strongly to habitat size, isolation, and human disturbance (Rieman and McIntyre 1995; Dunham and Rieman 1999).  Watersheds with smaller areas of suitable habitat that are more isolated from other watersheds with bull trout populations, and in more disturbed (higher road densities) habitats are less likely to support local populations of bull trout.  These patterns at a “landscape” scale can be used to make predictions about the potential effects of culverts on upstream fish populations (Table 1).  

There are a variety of important factors that may affect persistence of fish populations upstream of culverts (Table 1).  Furthermore, these factors will depend on the species in question.   Species with obligate migratory life histories (e.g., most Pacific salmon; Rieman and Dunham 2000) cannot persist above complete migration barriers.  Species with more flexible life histories (e.g., can adopt a resident or migratory life history) may be able to persist for a given time above barriers.  These isolated populations face a number of challenges, however.  For example, loss of migratory life histories and reduction of the total population size and inhabited area could lead to greater extinction risk (Rieman et al. 1993; Rieman and Dunham 2000; McElhany et al. 2001).  Isolation caused by culverts could also affect interactions between native and nonnative fish, perhaps giving the latter an advantage.  Even at a local scale isolation may restrict the exploitation of available habitats (Kahler et al. 2001) and ultimately reduce the productivity and resilience of any population.

Table 1.  List of key factors and predicted responses (probability of occurrence upstream of culverts).

Stream culverts:  Key factors and predicted responses 



Factor
Predicted Response

(probability of occurrence upstream of the culvert)

Area of suitable habitat upstream of culvert
Probability of occurrence increases with increasing suitable habitat area above culvert.  Can look at total watershed area above a culvert, or total length of stream available, given constraints posed by natural barriers and other culverts upstream.

Time since culvert was installed
Probability of occurrence increases with shorter time since culvert installed (less time for local extinction to occur).

Degree of fish passage impairment
Probability of occurrence increases with increasing fish passage (e.g., not a barrier, partial barrier, complete barrier, no-culvert “control”).  Fish passage impairment will also be measured in terms of number of culverts downstream of the “focal” culvert.

Presence of nonnative trout
Probability of occurrence increases in habitats without nonnative trout present.

Presence of focal species downstream of culvert
Probability of occurrence increases in habitats with a potential source of immigrants from downstream.  Applies only to culverts that are not complete barriers.

Presence of focal species in adjacent suitable habitats
Probability of occurrence increases in habitats that are adjacent to other streams with potential sources of immigrants.  Applies only to culverts that are not complete barriers.

Degree of human or natural disturbance
Probability of occurrence increases in habitats that are less subject to increased human disturbance as indexed by road densities (e.g., Rieman et al. 1997; Dunham and Rieman 1999). 

Probability of occurrence is less likely in habitats that are more subject to the effects of fires (link with RMRS-fire research).

Some of the predictions in Table 1 are supported by research on systems with fish passage barriers that are directly analogous to those posed by culverts.  Research on white-spotted charr (Salvelinus leucomaenis) populations isolated above small erosion control dams in Hokkaido, Japan, has found that occurrence of this species upstream of dams is a function of habitat size, and time since damming (Morita and Yamamoto 2001a; Kentaro Morita, Hokkaido University, personal communication).  Furthermore, populations of charr above these dams suggests life history changes may also occur following isolation (Morita and Suzuki 1999; Morita et al. 2000; Morita and Yamamoto 2001b).
An important part of the study design will be to consider “no culvert” control sites.  Reduced probability of presence for fish populations upstream of a migration barrier could be due to the effects of the barrier (e.g., fish formerly used the habitat), or characteristics of the habitat that are unrelated to the barrier (e.g., fish never used the habitat in the first place).  In most cases, there is no prior information on occurrence of fish species upstream of culverts prior to their installation.  Thus, a set of “control” sites is essential for providing a baseline of information for providing a sense of where fish are likely to be without the confounding influence of culverts.
Focal species

Our focus will be on coldwater fishes, especially native and nonnative resident salmonids, including threatened bull trout Salvelinus confluentus, brook trout Salvelinus fontinalis, rainbow trout Oncoryhchus mykiss, cutthroat trout O. clarki, brown trout Salmo trutta, and mountain whitefish Prosopium williamsoni.  To the extent that they occur in the habitats relevant to the focal species we will also include other fishes including sculpins (Cottus spp.), and several native cyprinids.  There are no anadromous salmonids currently in the Middle Snake Province.  

Study areas 

This project will take place in the Boise, Payette, and Weiser subbasins.  The subbasins are located in southwestern and west central Idaho and total approximately 8,800 mi2 in area.  A detailed description of these areas and management issues is provided in the subbasin summaries Grunder et al. (2001).  To economize on effort and coordinate with existing projects, our field sampling will be focused on areas with the best existing information whenever possible.  Relevant information includes fish survey data, culvert inventories, habitat surveys, and landscape GIS data.
Sampling design

The sampling design will address a wide range of conditions (Table 1).  Whenever possible, we will use existing information on fish populations and culvert inventories within our study areas.  Close coordination between this research and existing management efforts and information will be ensured through a series of workshops held throughout the province.  

Within a stream system or watershed, individual “focal” culverts will be selected for this analysis.  Fish and habitat surveys will be conducted up- and downstream of the focal culvert to provide information for testing the predictions outlined in Table 1.  Because the effects of culverts on fish populations may vary within or among subbasins, we will use a spatially nested sampling design to test the consistency of model predictions in different subbasins.  In each subbasin, we will identify at least 2-4 fourth-code hydrologic units to sample.  Within each fourth-code “subbasin” (terminology from Lee et al. 1997) we will sample a number of 6th code subwatersheds.  Within each 6th code subwatershed, fish occurrence and habitat characteristics will be surveyed in a longitudinal (upstream and downstream of the focal culvert) array of stream reaches or “sites” (Figure 2).  

The primary value of a spatially nested design is the ability to test the consistency of fish responses to culverts across subwatersheds and subbasins.  Model parameters and predictions may not be consistent across these different spatial domains.  In other words, this kind of design addresses the question of how transferable model predictions are in different localities (e.g., Dunham and Vinyard 1997; Dunham et al., in press).  This is a key question for management applications.
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Figure 2.  Illustration of sampling design and different “levels” or spatial scales at which fish responses to culverts will be considered.
Culvert inventories

Culvert inventories will be developed so they are consistent with standardized published protocols (USFS 2000; WDFW 2000) and ongoing culvert inventories in the region (J. Sanchez, U.S. Forest Service, Umatilla National Forest, personal communication; P. Anderson, U.S. Forest Service Region 6, Portland, Oregon, personal communication).  Existing culvert inventories will be used whenever possible to economize on sampling and duplication of effort.

Fish and habitat sampling

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 trout in headwater streams.  Fish habitat measurements will follow standard protocols (Platts et al. 1983; Overton et al. 1997), as modified in our recent work on bull trout and other fishes (Dunham and Chandler 2001).  Sampling units (stream reaches) will be at least 100 meters in length (see Peterson et al. 2001).   

Data archiving and distribution of information

All products from this research, including models, data, and reports will be made available on our website (http://www.fs.fed.us/rm/boise/publications/masterlist.htm) and submitted to StreamNet (http://www.streamnet.org) as well.  Technology transfer will be accomplished through workshops, presentations at conferences, peer-reviewed publications, and contract reports.  The Boise Forestry Sciences Laboratory supports a full-time technology transfer specialist who will play a key role in distributing information to users in a timely fashion.

Tasks

A. Workshops and meetings to provide coordination and information sharing

B. Assemble data or meta-data on existing information within study areas

C. Finalize sampling design and protocols

D. Plan and prepare for field operations, hire field support 

E. Conduct field data collection, enter and proof data

F. Data analysis, interpretation of results, preparation of publications

G. Dissemination of research results, support for management applications

g. Facilities and equipment
The research will be conducted primarily by RMRS.  Equipment to be used will include standard snorkeling gear (Thurow 1994), backpack electrofishing units, seine and dipnets, stream habitat survey equipment (Overton et al. 1997), and vehicles.  Computers, software, and technical statistical assistance are also available. See http://www.fs.fed.us/rm/boise/fish/fisheries.htm for more information on the RMRS-Boise fisheries research program.  The research environment at the RMRS is very interactive.  Other experienced scientists at RMRS, including Bruce Rieman and Russ Thurow will play an active part in providing technical advice in this study.  We also have access to two full-time statisticians within RMRS, and access to a wide variety of library resources and literature searches.

Idaho Fish and Game is the lead agency responsible for management of fisheries in the state of Idaho.  In cooperation with RMRS, IDFG will provide management oversight and assist in coordination of this project with existing and proposed management, monitoring, and research with all concerned stakeholders.
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