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a. Abstract 
The goal of the project is to provide scientific information that will help develop a protection and recovery plan for threatened stocks of  native bull trout in the Columbia River Basin.  Information about the scale at which populations are structured and a method to effectively monitor population abundance, particularly in populations with resident fish, have been identified as keys to the recovery and persistence of bull trout populations (Howell and Buchanan 1992; Rieman and McIntyre 1993; Kostow 1995; Buchanan et al. 1997).  From these considerations we have derived specific objectives that are addressed in the study: 1) evaluate the population structure of bull trout in the John Day River basin, and 2) assess techniques and refine guidelines to measure the abundance of bull trout spawning in Mill Creek.  These objectives were designed to complement ongoing work and, more specifically, to support collaborative work that will be proposed in future provincial solicitations.  Each objective is addressed using established techniques including systematic sampling of streams to evaluate species distribution and abundance, DNA analysis, spawning surveys, and trapping.  Data will be summarized and statistical analyses performed, when appropriate, to test specific hypotheses.  The results of our research will be used to develop guidance for managers and biologists as well as presented in the forms of annual reports, presentations at professional meetings, and publications in peer-reviewed journals.  The proposed work represents the continuation of an ongoing project and reflects some of the critical areas for futher investigations that were identified by this project.
b. Technical and/or scientific background
Populations of bull trout from the Columbia and Klamath river basins were listed as threatened by the U.S. Fish and Wildlife Service under the Endangered Species Act (Office of the Federal Register 63 [June 10, 1998]: 31647).  It is estimated that bull trout occupy only 36% of their former range south of the Canadian border.  Over 78% of the historic bull trout populations in the proposed study subbasins are classified as having a moderate or high risk of extinction or are probably extinct (Ratliff and Howell 1992; Buchanan et al. 1997).  Bull trout numbers have been severely impacted by harvest pressure, habitat degradation, passage barriers and interactions with exotic species.  Past and current efforts to assess, protect and restore existing bull trout populations have been limited by the lack of basic information about bull trout ecology, life history and genetics (Ratliff and Howell 1992; Rieman and McIntyre 1993; Buchanan et al. 1997; Spruell and Allendorf 1997).  

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

Genetics.

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

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

The structure of metapopulations within these regional groups is still unclear.  Previous analytical methods were limited to the use of four DNA microsatellite loci.  These loci have limited resolution power to discriminate fine-scale population structuring within metapopulations.  Recently, new diagnostic loci have been developed that increase the resolution power of the technique (Spruell et al. 1999).  Rieman and Dunham (2000) suggested using DNA microsatellite analysis as a tool to estimate dispersal parameters and help define fine-scale relationships among local populations.  One objective of the study we are proposing is to evaluate the fine-scale population structure of bull tout in the John Day River subbasin using these new diagnostic loci.

Abundance.

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

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

Despite their frequent use, the redd count information from spawning surveys may not be sufficient or appropriate to quantify the population status of bull trout.  Detection of changes in population size may not be possible using the most extensive sets of redd count data available (7-17 years), (Maxell 1999) and is unlikely for populations with more limited data sets (Rieman and Myers 1997).  The utility of redd counts may be further limited by errors, not accounted for in these earlier analyses, in the accuracy of redd enumeration.  Recent studies (Dunham et al. 2001) and results from our project (Hemmingsen et al. 2001) have shown substantial sampling error associated with redd counts for bull trout.  In addition, we have found that redd counts, which are typically used to monitor trends of larger fluvial and adfluvial adult forms of bull trout, may not account well for the component of the population consisting of smaller, resident life history forms (Hemmingsen et al. in press).  Relatively small redds, which are built by resident life history forms, can be difficult to detect.  Finally, during spawning surveys there is the potential for surveyors to unknowingly walk on redds or disrupt the behavior of spawning adults.

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

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

Recently the federal government published a Biological Opinion (Opinion) on the operation of the hydropower system in the Columbia River (NMFS 2000; USFWS 2000).  Summaries from the Opinions indicate that bull trout in the John Day River subbasin and in Mill Creek (Walla Walla River subbasin) are impacted by the federal hydropower system.  The Opinions discuss the need for a better understanding of the population structure of bull trout.  These Opinions contain sections on reasonable and prudent alternatives or measures.  These sections discuss research, monitoring and evaluation plans and include a goal that the abundance of populations of fish affected by the hydropower system, which would include bull trout, be monitored in a scientifically sound manner.  

Both the Walla Walla River (James et al. 2001) and John Day River (Knapp et al. 2001) subbasin plans address specific goals and objectives related to bull trout.  The subbasin plan for both the Walla Walla River subbasin (WWSBP) and John Day River subbasin (JDSBP) emphasize bull trout as a key species and indicates bull trout populations have limited ability to be connected.  Both the WWSBP and JDSBP summarize the goals of various agencies with management responsibilities in the subbasin.  In general, these goals include mitigating for damages resulting from the operation of the mainstem hydropower system, recovery of a species listed as threatened under the Endangered Species Act, responsible management of bull trout, protecting and enhancing bull trout populations, as well as coordinated management.  

The WWSBP defines specific goals, objectives, strategies and actions.  Relative to bull trout, these include 1) a goal to protect, enhance and restore wild and native populations of bull trout, 2) an action (1.4) to evaluate or refine methods to establish recovery goals and escapement goals, and 3) an action (12.3) to monitor adult spawning escapement.  Specific to research monitoring and evaluation, the WWSBP goals are to collect trend data for bull trout abundance, increase monitoring and assessment of bull trout to determine their abundance and population status, and refine or determine appropriate bull trout abundance levels for spawner escapement goals.  

The JDSBP defines specific goals, objectives, strategies and actions.  Relative to bull trout, these include 1) a goal to restore populations to healthy levels, 2) an objective (1) to conduct population status monitoring, 3) a strategy (1.4) to improve understanding of relationships among genetic characteristics, 4) an action (1.4.3) to determine the consequences of genetic fragmentation, 5) an objective (4) to conserve genetically diverse bull trout populations, 6) a strategy (4.1) to characterize genetic diversity and gene flow, 7) an action (4.1.1) to document genetic baselines for each local population, and 8) a need to determine the degree of interchange between bull trout in the middle fork and north fork tributaries.  

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

The project we are proposing is significant because it begins to fill gaps in the description of bull trout biology in general, and to update the status of specific populations.  This project focuses on information that is critical to the CRFWMP’s goals and objectives, subbasin plans and ESA issues.  Results from this project will include information on bull trout abundance, methods to assess bull trout abundance, as well as a genetic description of populations and their relationships to each other.  Information gathered will help fisheries managers assess the relative risks to populations, develop protection and recovery plans specific to each population, and prioritize resources to enable such protection or recovery.  If this information is applied properly, the expected overall outcome is long-term persistence of all bull trout populations that currently exist.  Some of the data we have collected previously have been incorporated into current recovery plans, and new data will help refine those plans.  Knowledge of bull trout biology was limited at the start of this project, and work to date has considerably enhanced that knowledge.  Efforts have also identified, and will continue to uncover, other critical areas that need further investigation.  
d. Relationships to other projects 
The project we are proposing focuses on bull trout abundance, methods to assess bull trout abundance, as well as a genetic description of populations and their relationships to each other.  The work we are proposing is a direct extension of the bull trout monitoring in Mill Creek that was previously conducted as part of this project (see Hemmingsen et al. 2001).  This work is also related to numerous other projects that are in progress both in the Columbia River basin and elsewhere.  Direct and indirect relationships exist between the work we are proposing and that being done by others and the work is typically supportive of, complementary to, or collaborative with the other work.
Since bull trout are listed under the Endangered Species Act as threatened, federal law requires that the USFWS develop a plan to recover bull trout.  Our project has and will continue to collaborate with the recovery team designated to develop this recovery plan.  Information from our research will feed directly into recovery planning efforts and the ultimate measures in the recovery plan.  The work we are proposing directly collaborates with recovery efforts.

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

Federal, tribal and state fishery managers routinely conduct surveys in an attempt to assess population status.  Researchers from the CTUIR, WDFW and ODFW have begun OWEB-funded telemetry work in the Walla Walla River subbasin to begin assessing the population status of bull trout.  The work we are proposing was designed to directly complement this study.  Researchers from ODFW are proposing province-wide spawning surveys (B. McIntosh, ODFW; personal communication) to monitor the status of bull trout populations.  The work we are proposing was designed to directly complement this study.  Researchers from CTWSRO (C. Brun, personal communication), the USFS (B. Rieman, personal communication) and Montana State University (M. Taper, personal communication) are also proposing to evaluate methods to assess bull trout abundance.  The work we are proposing was designed in collaboration with or to complement, both directly and indirectly, these efforts.  

Genetic analysis of local population structuring has already been completed for the portions of the Pend Oreille subbasin in Idaho (Spruell et al. 1999) and is planned for the upper Boise River subbasin (Paul Spruell, University of Montana, personal communication).  The work we are proposing was designed in collaboration with this larger, regional effort and would directly contribute to it by expanding the database into the John Day River subbasin.  Analysis of the Grande Ronde River populations will be proposed in a companion proposal for the Blue Mountain Province.  Collaborators include Paul Spruell, Wild Trout and Salmon Genetics Laboratory, University of Montana and Bruce Rieman, USDA Forest Service, Rocky Mountain Research Station.  The work we are proposing is a direct extension of bull trout telemetry studies that were previously conducted as part of this project (see Hemmingsen et al. 2001). 

The work we are proposing is indirectly related to numerous other ongoing efforts in the Walla Walla River subbasin.  The USACE and WDFW are working on fish passage and screening at the Bennington Lake intake on Mill Creek.  The CTUIR oversees projects on adult passage and habitat protection in Mill Creek.  Monitor and Evaluate the Natural Production, Distribution, Abundance and Genetics of Salmonids.  Each of these projects was designed, in part, to enhance the bull trout population in Mill Creek.  Our proposal to evaluate the abundance of spawning bull trout in Mill Creek is supportive of and complementary to each of these efforts.

The work we are proposing is indirectly related to numerous other ongoing efforts in the John Day River subbasin.  Numerous efforts are underway to improve habitat conditions in the John Day River.  One of the reasons to improve habitat is to achieve better fish passage and connectivity between bull trout in different areas.  These projects include the North Fork John Day Habitat project which is a multi-agency, cooperative effort, the John Day Watershed Restoration project that is a cooperative effort led by the CTWSRO, ODFW’s Streamflow Restoration Prioritization project and Northeast Oregon Fish Screening and Passage project, the USFS’s Fish and Wildlife Habitat Improvement project, and the North Fork Watershed Council project to Eliminate Gravel Push-Up Dams on Lower North Fork John Day.  Our proposal to evaluate the population structure of bull trout in the John Day River subbasin is supportive of and complementary to each of these efforts.

e. Project history (for ongoing projects) 

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

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

Specific to the population structure of bull trout, we have sampled fish from numerous locations in northeast Oregon.  Results of the genetic analysis of bull trout populations previously completed for this project were reported by Spruell and Allendorf (1997) and can be found in Spruell et al. (In Review).  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 was used by the USFWS to help determine appropriate conservation units for listed bull trout.

This project began in 1995 as project number 9405400.  Currently the project number is 199405400.  This project has been underway for six years.  To date, the project has cost approximately $1,440,166.  The work we are proposing here represents a logical extension of this project into its next phase.  

f. Proposal objectives, tasks and methods
Objective 1.  Genetics.

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

Approach.

Previously, we have sampled bull trout from 10 tributaries in the John Day River subbasin, respresenting each of the three major forks.  These tributaries included (from the North Fork) South Fork Desolation Creek, Baldy Creek, South Fork Trail Creek, and Clear Creek; (from the Middle Fork) Granite Boulder Creek, Big Creek, and Clear Creek; and (from the mainstem John Day River) the upper John Day River, Call Creek, and Indian Creek).  Sample sizes ranged from 16-32 fish for each tributary.  Additional samples are needed to increase the power of the analysis for populations with previous sample sizes of  less than 25 and to test for temporal variability.  Further analysis is needed to include additional loci.  Samples would be collected during the first year of the study.  Critical assumptions include that we will be able to collect sufficient samples and that sample sizes represent the variation in allele frequencies within the population.  We anticipate results from this objective will allow us to determine potential metapopulation structure of bull trout from the John Day River subbasin.

Tasks and Methods.

Task 1.1.  Reanalyze previously collected samples that are archived (North Fork: S. Fk. Desolation, Baldy, S. Fk. Trail, and Clear crs.; Middle Fork: Granite Boulder, Big, and Clear crs.; Upper John Day: Call and Indian crs) using a combination of data from four microsatellite loci previously analyzed and three additional loci. Samples will be analyzed by the Wild Trout and Salmon Genetics Laboratory, University of Montana, using polymerase chain reaction (PCR) and amplification of seven microsatellite loci.  Detailed methods are described in Spruell et al. (1999).

Task 1.2.  To supplement archived samples, collect fin tissue from 30 additional fish in each of Reynolds Creek, Indian Creek, South Fork Desolation Creek. To test for temporal variation in allele frequencies, collect fin tissue from 30 fish in Call Creek from the upper main stem of the John Day River; Clear Creek and Big Creek from the Middle Fork of the John Day River; , Baldy Creek and Clear Creek from the North Fork of the John Day River.

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

Task 1.4.  Publish results of the analysis annual reports and peer reviewed publications as well as present these results at technical meetings.

Objective 2.  Abundance.

Another of our goals is to improve conservation and recovery efforts for bull trout by determining appropriate methods to assess population status.  The second objective of this project is to compare methods that estimate the abundance of spawning bull trout in Mill Creek, a tributary with both migratory and resident spawners.  We propose to accomplish this objective by estimating the number of migratory bull trout that move upstream to spawn, the number of redds produced by bull trout, and the total number of mature bull trout spawning.  We hypothesize there is no relationship between adult bull trout abundance and redd counts and population estimates of resident adults.

Approach.

We have monitored bull trout escapement in Mill Creek for the past five years.  In general, we have accomplished this by monitoring the upstream movement of migratory fish through the fish ladder on the city of Walla Walla’s diversion dam and by conducting spawning surveys and counting redds.  Because Mill Creek appears to have resident fish that spawn, information on migratory bull trout may provide an incomplete estimate of the total spawning population.  Because redd count information can be imprecise, information from spawning surveys may provide an unreliable estimate of the total spawning population.  Thus, we propose to compare these methods with an actual estimate of the total number of bull trout that spawn in Mill Creek.  To provide sufficient analytical power, we propose to do this for each of the next three years.  Critical assumptions include that our estimate of the total spawning population will be sufficiently precise.  We anticipate results from this objective will allow us to begin determining appropriate methodologies to assess the status of bull trout population in Mill Creek as well as throughout the Columbia River basin.  Six subobjectives are included under this objective.

Subobjective 2.1.  Estimate the abundance of migratory (fluvial) adult bull trout in Mill Creek.

Task 2.1.1.  Count and measure upstream migrants passing the Mill Creek diversion dam.

Task 2.1.2.  Determine size at maturity and the proportion of mature individuals among upstream migrants using ultrasound or endoscopy (see Hemmingsen et al. in press).

Task 2.1.3.  Mark upstream migrants passing the diversion dam.

Task 2.1.4.  Estimate total abundance above the diversion dam using snorkel counts of marked and unmarked bull trout and mark-recapture analysis.

Subobjective 2.2.  Estimate the number bull trout redds 

Task 2.2.1.  Conduct extensive bi-weekly spawning surveys (see Bellerud et al. 1997).

Task 2.2.2.  Calculate sampling error for redd counts using data from Hemmingsen et al. (in press).

Subobjective 2.3.  Determine the accuracy of redd counts and dam counts as a measure of the abundance of fluvial bull trout.

Task 2.3.1.  Compare redd counts to dam counts and mark-recapture estimates.

Subobjective 2.4.  Estimate the number of resident adult bull trout.

Task 2.4.1.  Estimate densities of bull trout (< 300 mm) in randomly selected stream reaches.  Reach length will be set at 30 times the active channel width (or approximately 100 m).  Reaches would be snorkeled and calibrated using removal or mark-recapture estimates for snorkeling efficiency.

Task 2.4.2.  Determine size at maturity and the proportion of mature individuals using ultrasound or endoscopy (see Hemmingsen et al. in press).

Task 2.4.3.  Extrapolate densities of adults to produce an estimate of total population size using area-under-the-curve techniques (Dambacher et al. 1999).

Subobjective 2.5.  Determine the accuracy and precision of redd counts as a measure of the abundance of resident bull trout.

Task 2.5.1.  Compare redd counts to surveys estimates of resident bull trout.

Subobjective 2.6.  Disseminate information in a timely and effective manner.

Task 2.6.1.  Publish results of the analysis annual reports and peer reviewed publications as well as present these results at technical meetings.

g. Facilities and equipment
An endoscope would be required to complete the project.

h. References

Reference (include web address if available online)
Submitted w/form (y/n)

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

Bonar, S.A., M. Divens, and B. Bolding.  1997.  Methods for sampling the distribution and abundance of bull trout and Dolly Varden.  Washington Department of Fish and Wildlife, Olympia, WA.
N

Bonneau, ,J.L., R.F. Thurow, and D.L. Scarnecchia.  1995.  Capture, marking, and enumeration of juvenile bull trout and cutthroat trout in small, low-conductivity streams.  North American Journal of Fisheries Management, 15:563-568.
N

Buchanan, D.V. and S.V. Gregory.  1997.  Development of water temperature standards to protect and restore habitat for bull trout and other coldwater species in Oregon.  Pages 119-126 in  Friends of the bull trout conference proceedings.  Bull Trout Task Force (Alberta), c/o Trout Unlimited Calgary.
N

Buchanan, D.V., M. Hanson and B. Hooton.  1997.  Bull trout status report for Oregon.  Oregon Department of Fish and Wildlife.  Portland, OR.
N

Dambacher, J.  1999.  Redband Trout (Oncorhynchus mykiss ssp.): Assessment of Stream Populations and Habitat of Great Basin.  Species At Risk Program, Final Proposal To The Biological Resource Division, USGS, Oregon Department of Fish and Wildlife, Corvallis, OR.
N

Dunham, J., B. Rieman, and K. Davis.  In press.  Sources and magnitude of sampling error in redd counts for bull trout Salvelinus confluentus.  North American Journal of Fisheries Management.
N

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

Hemmingsen, A.R., D.V. Buchanan and P. J. Howell.  1996.  Bull trout life history, genetics, habitat needs and limiting factors in central and northeast Oregon.  1995 annual report.  Bonneville Power Administration.  Portland, OR.
N

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

Hemmingsen, A. R., B. L. Bellerud, and  S. L. Gunckel.  In press.  Bull trout life history, genetics, habitat needs, and limiting factors in central and northeast Oregon.  1998 Annual Report.  Bonneville Power Administration.  Portland, OR.
N

Hillman, T.C., J.W. Mullan, and J.S. Griffith.  1992.  Accuracy of underwater counts of juvenile chinook salmon, coho salmon, and steelhead.  North American Journal of Fisheries Management, 12:598-603.
N

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

James, G. and 28 coauthors.  2001.  Walla Walla Subbasin Summary.  Prepared for the Northwest Power Planning Council, Portland, OR.
N

Knapp, S. and 21 coauthors.  2001.  John Day Subbasin Summary.  Prepared for the Northwest Power Planning Council, Portland, OR.
N

Kostow. K.  1995.  Biennial report on the status of wild fish in Oregon.  Oregon Department of Fish and Wildlife, Portland, OR.
N

Maxell, B. A. 1999. A prospective power analysis on the monitoring of bull trout stocks using redd counts.  North American Journal of Fisheries Management 19:860-866.
N

Meffe, G.K. and C.R. Carroll.  1994.  Principles of conservation biology.  Sinauer, Sunderland, MA.
N

NMFS.  2000.  Biological Opinion: Effects to listed species from operations of the federal Columbia River power system.  National Marine Fisheries Service, Northwest Region, Portland, OR.
N

Northwest Power Planning Council.  1994.  Columbia River Basin Fish and Wildlife Program.  Northwest Power Planning Council, Portland, OR.
N

Northwest Power Planning Council.  2000.  Columbia River Basin Fish and Wildlife Program.  Northwest Power Planning Council, Portland, OR, document number 2000-19.
N

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

Rieman, B.E. and J.D. McIntyre.  1993.  Demographic and habitat requirements for conservation of bull trout.  General Technical Report INT-302, Intermountain Research Station, Ogden, UT.
N

Rieman, B.E. and J.D. McIntyre. 1995.  Occurrence of bull trout in naturally fragmented habitat patches of varied size.  Transactions of the American Fisheries Society, 124:385-296.
N

Rieman, B.E. and D.L. Myers. 1997. Use of redd counts to detect trends in bull trout (Salvelinus confluentus) populations. Conservation Biology 11(4): 1015-1018.
N

Rieman, B.E., Dunham J.B. 2000. Metapopulations and salmonids: a synthesis of life history patterns and empirical observations. Ecology of Freshwater Fish 9:51-64.
N

Spruell, P. and F.W. Allendorff.  1997.  Nuclear DNA analysis of Oregon bull trout, Report 97/5.  Oregon Department of Fish and Wildlife.  Portland, OR.
N

Spruell P., B.E. Rieman, K.L. Knudsen, F. M. Utter, Allendorf F.M. 1999. Genetic population structure within streams: microsatellite analysis of bull trout populations. Ecology of Freshwater Fish 8: 114-121.
N

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

Thurow, R.F. and D.J. Schill.  1996.  Comparison of day snorkeling, night snorkeling, and electrofishing to estimate bull trout abundance and size structure in a second-order Idaho stream.  North American Journal of Fisheries Management, 16:314-323.
N

USFWS.  2000.  Biological Opinion: Effects to listed species from operations of the federal Columbia River power system.  United States Fish and Wildlife Service, Regions 1 and 6, Portland, OR.
N

Section 10 of 10. Key personnel

Stephanie L. Gunckel, Fisheries Research Biologist, Oregon Department of Fish and Wildlife.

Education:  

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

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

Professional Experience:  

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

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

Qualifications:  

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

Relevant Publications:

Gunckel, S.  2001.  Feeding behavior and diet of native bull trout Salvelinus confluentus and introduced brook trout S. fontinalis in two eastern Oregon streams.  Masters Thesis, Oregon State University, Corvallis, Oregon.
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Alan R. Hemmingsen, Fisheries Research Biologist, Oregon Department of Fish and Wildlife.

Education:  

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

Professional Experience:  

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

Qualifications:  

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

Relevant Publications:

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

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

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

Hemmingsen, A.R., B.L. Bellerud, S.L. Gunckel, and P.J. Howell.  In Press.  Bull trout life history, genetics, habitat needs, and limiting factors in central and northeast Oregon.  1998 Annual Report.  Project Number 199405400,  Bonneville Power Administration, Portland, Oregon.
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Philip J. Howell, Fisheries Biologist/Aquatic Ecologist, USDA, Forest Service Pacific Northwest Research Station.

Education: 

M.A., University of Missouri, 1976

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

Professional experience:

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

Qualifications: 

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

Relevant publications:

Spruell, P., A. R. Hemmingsen, P. J. Howell, N. Kanda, F.W. Allendorf. In review. Conservation genetics of bull trout: geographic distribution of variation at microsatellite loci. Conservation genetics.
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Paul M. Sankovich, Fisheries Research Biologist, Oregon Department of Fish and Wildlife.

Education:  

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

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

Professional Experience:  

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

Qualifications:  

Since 1994 Mr. Sankovich has conducted or assisted in various investigations on listed salmonids and native trout.  He has extensive experience studying the life history and spawning behavior of salmonids, particularly chinook salmon, steelhead, and bull trout. He has also worked extensively with federally-listed species. 

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

Education:  

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

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

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

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

Professional Experience:  

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

Qualifications:  

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

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

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

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