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June 22, 2001

Dear Project Reviews,

I am submitting this letter on behalf of Russ Thurow, USDA FS Rocky Mountain Research Station, and myself in response to questions and concerns raised by the Panel during the review of project number 199405400, titled "Bull Trout Abundance Monitoring in the Lower Deschutes River.” 

Russ and I have reviewed both the proposal and the comments. We believe that the proposal has merit and the information from this will be valuable for improving the protocol for determining bull trout presence (Peterson et al. 2001) developed by the Western Division AFS, bull trout committee, copy attached.  Below, I address the concerns raised by the Panel and highlight the importance of the proposed study to the management of bull trout populations.

In the proposal review, members of the Panel suggested that the examination of night sampling efficacy is likely not necessary.  Further they suggested that night snorkeling is an efficient method for detecting bull trout and that relative abundance and trend data probably give sufficient resolution for purposes of bull trout management in the Deschutes basin.  These comments were likely due to the Panel members’ familiarity with previous studies of relative sampling efficiency. Unfortunately, these studies have overestimated efficiency by as much as 300%. This was primarily due to the reliance on removal estimates as estimates of the “true” abundance, which overestimated actual electrofishing sampling efficiency in Idaho Streams by 136%, on average (Thurow et al. draft report).  These biases led to overestimates of night snorkeling efficiency by an average of 142%.  Similar biases were also measured in a Washington streams (Thurow et al. draft report). Further, removal estimates were biased by stream characteristics, such as stream cross-sectional area, as were the relative estimates of night snorkeling efficiency.

The much lower than believed sampling efficiencies (hence, detection probabilities) alone are probably sufficient to warrant further investigation. However, bull trout day and night snorkeling and electrofishing efficiencies are biased by stream habitat characteristics, fish size, water temperature, clarity, and conductivity (Peterson et al 2001, Thurow et al. draft report). Hence, any relative abundance, trend, and presence/absence data will be biased by these same factors that will vary over time and space.  For example, Rieman et al. (1999) observed that stream temperature and visibility were related to discharge in a long-term fish monitoring data set.  These same factors affected snorkeling efficiency.  Thus, sampling efficiency and hence, fish abundance (and presence) estimates were likely negatively biased during high discharge years.  Adjusting catch data and sample size estimates for sampling efficiency is necessary to provide improved estimates of abundance and distribution, but also is important for identifying potential confounding of sampling efficiency.  Thus, the reason for conducting the sampling efficiency evaluations is to develop adjustments to estimate “true” population and required sample sizes and to eliminate bias, as opposed to increasing the precision of counts or indices, as was suggested by the Reviewers.

The bull trout sampling protocol was based on sampling efficiency models calibrated in Idaho streams (Peterson et al. 2001). As stated in the protocol these models should not be applied outside the range of conditions under which they were calibrated.  Indeed, Thurow et al. (draft) found that, while bull trout efficiencies in Washington streams were as low those found in Idaho, the physiochemical differences among streams resulted in poor predictions of sampling efficiency using the Idaho models. Given our recent observations in Washington streams, we believe that this project (199405400) and others are important for developing improved sampling efficiency models that can be used in the Deschutes and other similar streams. Therefore, we intend to work with the PIs and incorporate their data into the current protocol.

Hopefully this can help highlight the need for the proposed study.  If you have any questions or comments, please feel free to contact Russ or me. Thank you for your time.

Regards,

/s/ James Peterson
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Northwest Power Planning Council

Attention: Kendra Phillips

Response to ISRP

851 SW 6th Avenue, Suite 1100

Portland, OR  97204

Dear Northwest Power Planning Council:

The following is a reply to the Independent Scientific Review Panel (ISRP) preliminary review of the proposals submitted to the Bonneville Power Administration (BPA) as part of the Columbia Plateau Province solicitation process.  In particular, we are responding to comments made by the ISRP on:

Project 199405400 (ODFW), The Population Structure of Bull Trout in the John Day River and Abundance of Bull Trout in Mill Creek.

Project 199405400 (CTWSRO), Bull Trout Abundance Monitoring in the Lower Deschutes River formerly “Bull Trout Genetics, Habitat Needs, L.H. Etc. In Central and N.E. Oregon”

Project 25088 (ODFW), Salmonid Population and Habitat Monitoring in the Oregon Portion of the Columbia Plateau

This reply is, in part, based on the ISRP’s comments to projects 199405400 (ODFW), 199405400 (CTWSRO), 25088 (ODFW) and to 199801600 (ODFW).  When viewing these comments as a whole, a general theme emerged suggesting that the sponsors spend more time coordinating the projects and considering the best grouping of the proposed activities.  After consultation with project sponsors and regional managers we attempted to reorganized each proposal to be as biologically meaningful, as well as administratively and economically efficient, as possible.  The reorganization includes incorporating Objective 4 from 25088 into 199405400 (ODFW).  In general, the work being proposed under Objective 4 of 25088 is a logical extension of work that has previously been done under 199405400.  One exception is the bull trout component of the juvenile inventory work proposed by project 25088.  Project 25088 proposed a unified approach to juvenile inventory work for resident and anadromous salmonids.  In addition, the majority of this juvenile inventory work would focus on species other than bull trout.  Rather than separate the bull trout component of juvenile inventory work and incorporate it under 199405400 (ODFW), all juvenile inventory work remained combined and can now be found in the revisions of 199801600 (ODFW).  These two projects will work together to coordinate all juvenile inventory work.  The reorganization also includes recombining 199405400 (ODFW) and 199405400 (CTWSRO) into one proposal.  The work being proposed in 199405400 (ODFW) and 199405400 (CTWSRO) was split into two proposals because of confusion over the provincial solicitation and review process.  However, the ongoing work that is represented in these proposals has previously been accomplished under one project number (199405400).  

From a biological perspective, this reorganization would allow most of the proposed bull trout work to occur under one project (now 199405400 ODFW) where information from various activities could be exchanged frequently and regularly as well as integrated directly.  From an administrative perspective, this reorganization would allow BPA to oversee one project rather than three.  From an economic perspective, this reorganization will reduce equipment and personnel needs and would cost BPA approximately 5% less than if they funded these for each individual project.  As a result of this reorganization, the modified proposal for 199405400 (ODFW) now includes most of the bull trout work that was originally proposed by the above referenced projects.

In addition to this cover letter of our reply, you should find a response to each specific concern that was identified by the ISRP, a letter of support from Dr. James Peterson, and a modified proposal that reflects these responses.  Thank you for the opportunity to respond.  Please let me know if we can provide any additional information.

Respectfully,

/s/ Timothy A. Whitesel
Timothy A. Whitesel, Ph.D.

Native Trout Program, ODFW


Project:  199405400 (ODFW)

Concern #1: Clarify what is meant by the term “diagnostic” loci.
Response:  The term “diagnostic” was used inappropriately in the proposal.  As the ISRP suggested, the use of new loci have has increased levels of variation that may be useful in providing increased resolution among bull trout populations.  This concept was the intent of the discussion about the value of the new loci.  The term “diagnostic” has been removed from the proposal and replaced with appropriate discussion.

Project:  199405400 (ODFW)

Concern #2: More fully justify the additional genetic analysis that is proposed.
Response:  Rieman and McIntyre (1993)
 initially introduced the theory of metapopulations to bull trout conservation.  This theory has a number of potentially important biological and management implications.  However, if and how bull trout are actually organized and function as metapopulations are largely untested hypotheses.  Currently, microsatellite analysis is the best tool available to explore these hypotheses.  Our previous analysis considered broadscale population structure at the level of large subbasins to the Columbia River (e.g. John Day, Grande Ronde, and Deschutes rivers).  Given those data along with data on the extent of bull trout migration, it is reasonable to suspect that metapopulation structure, if it exists, occurs at smaller scales (i.e. within tributary basins).  Some preliminary, exploratory analysis of samples from the John Day and Grande Ronde rivers using additional loci developed since our earlier work suggests possible structuring of populations within those subbasins.  Such structuring would have significant implications for management activities and recovery efforts.  We anticipated the potential need to do finer scale analysis in our original sampling design.  Since the initial set of samples has already been collected and approximately half of the necessary loci analyzed during the original analysis, we could do the proposed analysis relatively efficiently and inexpensively.  This additional justification has been added to the proposal.

Project:  199405400 (ODFW)

Concern #3: Clarify why this proposal approaches abundance estimates differently than the Deschutes proposal. 

Response:  Biologists and managers need a method to assess the status of bull trout populations and typically focus on estimating the number of spawning fish.  Often these estimates are a function of weir counts or redd counts.  The work we propose acknowledges the potential lack of precision and accuracy that may be associated with these techniques.  To evaluate their utility, an objective of this proposal is to compare techniques 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 evaluating the relationship between the number of migratory bull trout that move upstream to spawn, the number of redds produced by bull trout, and the total number of spawning bull trout.  The primary focus of this proposal is on exploring proper and useful ways to estimate or measure abundance.  A valuable byproduct of this design will be the ability to monitor and continue a time series on the number of bull trout migrating upstream toward and the number of redds on the spawning grounds.  The Deschutes proposal uses a different approach primarily because it is focused on answering a different set of questions.  The Deschutes proposal focuses on monitoring efforts to maintain a time series of trend data on redd counts, adult counts at weirs and juvenile counts.  In addition, the Deschutes proposal focuses on quantifying sampling efficiency for juveniles.  This efficiency would ultimately be applied to presence/absence sampling protocols that are being developed by the USFWS and American Fisheries Society.  In addition, the results of the Deschutes work may be applicable to the methods used to determine abundance in Mill Creek.

Project:  199405400 (ODFW)

Concern #4: Clarify how this proposal is related to the Boise USFS Experimental Research Station regions oversight project. 

Response:  Whether populations of bull trout exist within a subbasin and function as a metapopulation is generally not known.  We propose to explore this question for bull trout in the John Day River subbasin.  Researchers at the USFS Experimental Research Station in Boise (ID) are involved in similar research on bull trout metapopulations.  So that approaches and data assessments would be done similarly and could potentially be integrated, we have coordinated our proposed work with the USFS researchers.

Project: 25088 (ODFW)

Concern:  Clarify how is this project coordinated with other monitoring and evaluation work in the Columbia Plateau.
Response:  Objective 4 of this proposal focused on evaluating movements of bull trout through radiotelemetry and monitoring population status by monitoring the number of spawning bull trout.  This bull trout work has been incorporated with other bull trout work in the Columbia Plateau (199405400-ODFW and 199405400-CTWSRO).  The proposed work represents both Tier 1 and Tier 2 approaches that should support efforts throughout the Columbia Plateau.

Project: 25088 (ODFW)

Concern:  Objective 4 of this work should be expanded to include a comparable sampling effort for (to?) spring chinook salmon and other resident salmonids.
Response:  The ongoing John Day chinook salmon monitoring project (#199801600) has been revised and expanded significantly to address integration and consolidation concerns expressed by the ISRP for this project and project #25088 (Salmonid Population and Habitat Monitoring).  Project #25088 was an umbrella proposal that contained numerous projects.  The ISRP recommended that project #25088 be broken up into separate projects, including bringing some objectives into this project #199801600.

To best address the ISRP concerns for project #199801600 and project #25088 we have expanded this project #199801600 to create a comprehensive proposal to include all monitoring and evaluation for all anadromous salmonid lifestages and habitats in the Oregon portion of the Columbia River Plateau Province, except adult bull trout which is is project #199405400.  Specifically, the proposal has been changed to add objective 1 (Oregon Plan approach for steelhead adult, salmonid juvenile abundance, and salmonid habitat) and objective 2 (steelhead smolt production) from project #25088.  In our original submission of proposal #199801600, we had already proposed to integrate the EMAP sampling approach into the ongoing adult chinook surveys.  Thus, this project (#199801600) includes a coordinated approach using Oregon Plan EMAP design for all chinook salmon and steelhead adult monitoring, juvenile salmonid abundance monitoring, smolt production monitoring, and salmonid habitat monitoring for the Oregon portion of the Columbia River Plateau Province.

We chose to consolidate Oregon Plan anadromous salmonid monitoring into this ongoing project because it represented the most effective and efficient approach to implementing the new proposed work.  The attached figure illustrates the proposed organizations and objective for the three projects that will be involved in population and environmental standards monitoring.

Project: 25088 (ODFW)

Concern:  The sampling design for Objective 4 should employ the EPA EMAP design, after perhaps some pilot work to identify boundaries of survey areas.
Response:  ODFW, in coordination with the EPA Research Lab in Corvallis, Oregon, will develop the sampling frame to implement the EMAP design in each of the four subbasins.  We will use our efforts in the first year to refine the sampling frame as necessary to insure consistent implementation in out years.  The sampling frame will consist of all streams that make up the current and potential distribution of adult bull trout in the four subbasins.  Once the sampling frame is established, up to 50 1-km sites/subbasin/year will be selected based on the EMAP process.  This procedure is based on a spatial grid design with hexagonal areas centered at grid points (EPA 1993).  Points along all streams in the sampling framework are plotted sequentially by computer and points then randomly selected.  The randomly selected points are then replotted on maps and selected for sampling.  The following web site discusses the monitoring approach/design for the OPSW project: http://www.oregon-plan.org/FCH16.html.

Project: 25088 (ODFW)

Concern:  The monitoring objectives should be coordinated with the stream habitat monitoring proposed in Project #25010 proposed by ODEQ.
Response: ODFW has coordinated with the PI of project #25010 to ensure that no duplication of habitat and water quality monitoring will occur and that all data will be collected in a consistent and cost effective manner.  In addition, these projects will cooperate to ensure data is integrated for comprehensive analysis.  The attached figure illustrates the project relationships.

Project: 199405400 (CTWSRO)

Concern:  Testing night snorkeling efficacy versus day snorkeling or electrofishing is likely not necessary.  If there are logistical reasons to explore the relationship between detections based on day snorkeling and day electrofishing, the proposal should describe this need more compellingly and the need for the tasks associated with this objective need to be better justified.
Response:  The first goal of this objective is to generate juvenile bull trout sampling efficiency data from the east side of the Cascade mountains.  The data will be collected according to a protocol developed by Thurow and Schill (1996)
 and provided to the USFS Rocky Mountain Research personnel.  They have undertaken the task of developing juvenile bull trout monitoring protocols for the USFWS.  AFS has endorsed the range-wide collection of data to support the development of the protocols.  A standardized protocol will ultimately be used by the USFWS to monitor bull trout recovery range-wide.  Research in Idaho has revealed that night snorkeling sampling efficiencies have been vastly overestimated when they were based upon removal estimates of the true abundance.  Additionally sampling efficiencies may vary by geographic area (see attached letter below from Dr. J.T. Peterson).  Sampling efficiencies of the three survey techniques has never been rigorously tested in the Oregon Cascades.  The Warm Springs Reservation contains streams with pristine bull trout habitat with varying degrees of stream habitat complexity and fish densities.  There are few remaining streams located within the eastern slopes of the Cascade mountains that offer high quality bull trout habitat.  Therefore this is a very good opportunity to conduct this research and provide data from Oregon streams to the regional cooperative effort.  

The second goal of this objective is to determine how close night snorkel counts are to the true population of juvenile bull trout within a given survey area.  By determining the true population and comparing it to night counts an expansion factor may applied to the night snorkel counts.  This may allow for juvenile abundance estimates to be derived from night snorkel counts.  We will apply the results to other objectives to obtain juvenile abundance estimates.

Project: 199405400 (CTWSRO)

Concern:  The proposal needs to provide additional documentation on the linkage to the USFS regional protocol and the involvement of Thurow et al.
Response:  The American Fisheries Society is developing a standard protocol for biologists to use during presence/absence surveys.  The USFS in Boise (ID) (Thurow et al.) are involved in data analysis associated with the development of this protocol.  The evaluation of juvenile sampling efficiency in the Deschutes would be incorporated into development of the presence/absence protocol.  Additional documentation on the linkage is provided in the following letter from Dr. James Peterson.





ISRP
NWPPC Fish and Wildlife Program

851 SW 6th Avenue, Suite 1100
Portland, OR 97204-1348

June 22, 2001

Dear Project Reviews,

I am submitting this letter on behalf of Russ Thurow, USDA FS Rocky Mountain Research Station, and myself in response to questions and concerns raised by the Panel during the review of project number 199405400, titled "Bull Trout Abundance Monitoring in the Lower Deschutes River.” 

Russ and I have reviewed both the proposal and the comments. We believe that the proposal has merit and the information from this will be valuable for improving the protocol for determining bull trout presence (Peterson et al. 2001) developed by the Western Division AFS, bull trout committee, copy attached.  Below, I address the concerns raised by the Panel and highlight the importance of the proposed study to the management of bull trout populations.

In the proposal review, members of the Panel suggested that the examination of night sampling efficacy is likely not necessary.  Further they suggested that night snorkeling is an efficient method for detecting bull trout and that relative abundance and trend data probably give sufficient resolution for purposes of bull trout management in the Deschutes basin.  These comments were likely due to the Panel members’ familiarity with previous studies of relative sampling efficiency. Unfortunately, these studies have overestimated efficiency by as much as 300%. This was primarily due to the reliance on removal estimates as estimates of the “true” abundance, which overestimated actual electrofishing sampling efficiency in Idaho Streams by 136%, on average (Thurow et al. draft report).  These biases led to overestimates of night snorkeling efficiency by an average of 142%.  Similar biases were also measured in a Washington streams (Thurow et al. draft report). Further, removal estimates were biased by stream characteristics, such as stream cross-sectional area, as were the relative estimates of night snorkeling efficiency.

The much lower than believed sampling efficiencies (hence, detection probabilities) alone are probably sufficient to warrant further investigation. However, bull trout day and night snorkeling and electrofishing efficiencies are biased by stream habitat characteristics, fish size, water temperature, clarity, and conductivity (Peterson et al 2001, Thurow et al. draft report). Hence, any relative abundance, trend, and presence/absence data will be biased by these same factors that will vary over time and space.  For example, Rieman et al. (1999) observed that stream temperature and visibility were related to discharge in a long-term fish monitoring data set.  These same factors affected snorkeling efficiency.  Thus, sampling efficiency and hence, fish abundance (and presence) estimates were likely negatively biased during high discharge years.  Adjusting catch data and sample size estimates for sampling efficiency is necessary to provide improved estimates of abundance and distribution, but also is important for identifying potential confounding of sampling efficiency.  Thus, the reason for conducting the sampling efficiency evaluations is to develop adjustments to estimate “true” population and required sample sizes and to eliminate bias, as opposed to increasing the precision of counts or indices, as was suggested by the Reviewers.

The bull trout sampling protocol was based on sampling efficiency models calibrated in Idaho streams (Peterson et al. 2001). As stated in the protocol these models should not be applied outside the range of conditions under which they were calibrated.  Indeed, Thurow et al. (draft) found that, while bull trout efficiencies in Washington streams were as low those found in Idaho, the physiochemical differences among streams resulted in poor predictions of sampling efficiency using the Idaho models. Given our recent observations in Washington streams, we believe that this project (199405400) and others are important for developing improved sampling efficiency models that can be used in the Deschutes and other similar streams. Therefore, we intend to work with the PIs and incorporate their data into the current protocol.

Hopefully this can help highlight the need for the proposed study.  If you have any questions or comments, please feel free to contact Russ or me. Thank you for your time.

Regards,

/s/ James Peterson

Literature cited
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Thurow, R.F., J.T. Peterson, and J. Guzevich. Draft report. Development of Bull Trout Sampling Protocols. Final Report to the US Fish and Wildlife Service, Olympia, WA.


Project: 199405400 (CTWSRO)

Concern:  Use of index reaches (Objective 1 and 3) or survey of known spawning ground surveys (Objective 3) have proven to be unacceptable in most fisheries monitoring and evaluation programs.
Response:  Problems exist surrounding the use of index reaches to monitor salmonid abundance.  However, little information has been collected to determine if sub-sampling juvenile bull trout within index reaches yields representative results from a larger area.  We propose to continue to monitor a 2.4 km reach in the Warm Springs River and compare the total night snorkel counts to randomly selected index reaches (both lineal and habitat based) within the study area.  This will allow us to collect enough data to determine the utility of using index reaches to monitor temporal trends in the relative abundance of juvenile bull trout in the Warm Springs River. 

We also propose to conduct basin wide spawning ground surveys for fluvial bull trout in the Warm Springs River and Shitike Creek.  We have identified all bull trout spawning habitat within these streams.  By conducting multiple-pass, basin wide surveys for several years (if this study is funded we will have a ten year data set) we will be able to determine if there is substantial spatial and temporal variability in bull trout spawning that may preclude the establishment of index reaches.  The available spawning habitat in the Warm Springs River and Shitike Creek totals approximately 23 km.  If index reaches prove to be unrepresentative of the total spawning abundance total basin surveys may be continued.  This may be unfeasible in larger river systems.  Dunham and Reiman (2001)
 found that there was substantial variation in both the location and timing of bull trout spawning in Lake Pend Oreille tributaries in northern Idaho.  However their study was of short duration (2 years) and focused on an adfluvial population.  Bull trout behavior varies by geographic region.  This study may provide conclusive results to determine the utility of using index reaches to monitor trends in spawning abundance in the Deschutes sub-basin.

Project: 199405400 (CTWSRO)

Concern:  Study reaches need to be selected in cooperation with Projects #25088 and #25010.
Response:  This project has been integrated with Objective 4 from Project 25088 (which is already integrated with Project 25010) and Project 199405400 (ODFW).  As such, these projects will work cooperatively to select stud reaches.  Total basin spawning surveys in the lower Deschutes tributaries have been conducted since 1998.  To complement the Tier 2 probabilistic approach proposed in Project 25088, we will continue total basin spawning surveys in the lower Deschutes tributaries to develop possible subsampling procedures. 

Attachment:

199405400 revised.doc
199405400n revised.doc
American Fisheries Society

Western Division

ISRP

NWPPC Fish and Wildlife Program

851 SW 6th Avenue, Si\uite 1100

Portland, OR 97204-11348

June 29, 2001

Dear Project Reviewers, 

I am writing this letter in support of the CTRSO Project #199405400, titled “Bull Trout Abundance Monitoring in the Lower Deschutes River.”  A part of this project involves a comparison of sampling efficiencies for different survey methods in order increase the regional dataset being assembled in development of a bull trout detection protocol.  The development of this  detection protocol is being coordinated by the Bull Trout Committee of the Western Division of the American Fisheries Society.  The sampling efficiency research used in development of the protocol is being led by Russ Thurow at the USFS Rocky Mountain Research Station. 

In 1998, Plum Creek Timber Company and Washington Department of Fish and Wildlife requested the Western Division American Fisheries Society  Bull Trout Committee to coordinate development of survey protocols for bull trout.  Two type of protocols were requested: 1) a protocol to determine bull trout distribution ("presence/absence"); and 2) a second protocol to determine potential or suitable bull trout habitat.

The AFS committee agreed to coordinate the protocol development and to use a process similar to that used by the Pacific Seabird Group to develop marbled murrelet protocols.  This is an iterative process in which the protocols are revised and updated as new data and information becomes available.

Membership on the Bull Trout committee and information about the protocol development process was published in the AFS newsletter and announced at AFS Chapter meetings.  Over 50 members signed up from all walks of life: state fish and game agencies, Forest Service, Tribes, EPA, timber industry, hydropower, independent consulting, etc. Membership on the Committee continues to be open to AFS members. The committee members voted  to select the four authors to be the Team to write the protocols:  Russ Thurow, Phil Howell, Jason Dunham, and Scott Bonar. The four authors added Jim Peterson to the protocol development team for his statistical expertise.

The Team acknowledged that the protocol development effort would require additional information in order to develop rigorous and defensible protocols.  The three parts of their approach were and continue to be 1) conduct additional sampling efficiency research; 2) provide interim sampling methodologies, including collection of a core set of habitat variables, to standardize existing surveys where bull trout habitats are being sampled; and 3) use data and information from standardized sampling surveys to determine the known distribution and potential habitat protocols and to revise the distribution protocol as needed. 

It is important to emphasize the iterative process being used for the protocol.  Revisions and subsequent peer review will be conducted as new information and data becomes available to the authors for revision of the protocol.  The “Protocol for Determining Bull Trout Presence” has been reviewed by more than a dozen Bull Trout Committee members as well as an AFS blind peer review. 

The bull trout sampling protocol is based on sampling efficiencies developed from Idaho streams.  In order to ensure range-wide applicability of the protocol for bull trout, sampling efficiency information from this project (199405400) and others is important for revisions of the protocol.

If you have any further questions regarding development of the bull trout sampling protocol or the relation of Project #199405400 to revisions and improvements of the protocol, please contact me at 360/753-7762.

Sincerely,

Shelley Spalding

WDAFS Bull Trout Committee Chair 

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


� 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. 


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





