A. Abstract and statement of innovation 
Habitat lost by barriers is a significant factor in the decline of salmon and steelhead.  There is a wide discrepancy in the estimated amount of habitat lost by blockages in the Lower Columbia River Evolutionary Significant Unit (ESU) due to different assumptions about the spawning distribution of the four species listed for protection under the Endangered Species Act (ESA) and the assessment of blockages.  A prioritized ranking of barriers is needed to cost-effectively allocate limited salmon recovery funding.  Obtaining the upper extent of all ESA listed species from field surveys is very expensive and time consuming.  Therefore, Washington Department of Fish and Wildlife proposes an innovative approach to develop a predictive model for steelhead, Chinook, coho, and chum salmon in this ESU using representative sampling and geographic information system (GIS) data.  This innovation calls for the location of the upper extent of population distribution to be determined in the field using adult and juvenile sampling protocols from reaches without barriers.  GIS data associated with the upper extent including gradient, basin area, temperature, and elevation will be analyzed to develop a predictive model using logistic regression or other appropriate methods. By combining the distribution with a recently completed barrier inventory, we will estimate the distance of salmon and steelhead habitat blocked by each barrier in the ESU.  Next we will develop a prioritized list of barriers for removal or further assessment in the Lower Columbia ESU based on the cumulative distance blocked for all species.  In the Coweeman River, we will apply the predictive model and culvert inventory to estimate the loss in productivity for all ESA species using the Ecosystem Diagnosis and Treatment (EDT) model. This innovative approach has broad application in the Columbia basin because similar barrier, GIS, and EDT data are available for other ESUs allowing a similar science-based barrier prioritization.  The predictive species distribution model has other applications including assessments of spatial structure required for viability analysis, and developing sampling frames for salmon and steelhead escapement estimates from redd or salmon counts.  Extension of the model to include habitat parameters such as riparian area, land use, and other variables could lead to identification of preservation and restoration reaches for salmon recovery.          

B. Technical and/or scientific background

Salmon and steelhead populations in the Lower Columbia River are listed for protection under the ESA.  Many factors have led to the decline in salmon and steelhead abundance but loss of access to spawning areas is identified as a limiting factor in the Columbia Estuary, Lower Columbia, and Columbia Gorge Subbasin Plans (LCFRB 2004, pages C-90, D212, E-461, F-91,) G-92, G-213, G-326, H-76, H-185, I-95, J-156), in the FRCPS Biological Opinion (USACE  et al 2004, page 26), and Pacific Coastal Salmon Recovery Fund (PCSRF) ( NOAA 2006, page 4).  An accurate and detailed distribution of population spawning areas, location of blockages, and estimate of lost spawning and rearing areas are needed for direct improvements to population productivity.

Initial estimates of salmon and steelhead spawning distribution were developed between the 1950’s and 1980’s based on ad hoc surveys and professional opinion of biologists (WDFW unpublished).  Based in this information the LCFRB Habitat Strategy concludes that approximately 260 km of marginal habitat are blocked by culverts (LCFRB 2006a, 2006,b, 2006,c,2006d, 2006,e, 2006e, 2006f, 2006g, 2006h, 2006i, 2006j, 2006k, 2006l, 2006m, 2006n, and 2006o).   Since this information is subjective, NOAA developed simple gradient models to determine spawning distribution (Steel and Sheer 2003).  In an assessment of Chinook salmon and steelhead populations, Shear and Steel (2006) indicate 14,931 km of habitat are blocked by barriers in the Willamette and part of the Lower Columbia River ESUs.  Standardizing coverage areas of the two analysis was possible in Washington’s portion of Lower Columbia Coastal Ecoregion.  In this area LCFRB (2004) predicted 26km of habitat was lost while Sheer and Steel (2006) indicated that 272 km; a ten fold difference.  These two analysis present very different views on the importance of blockages for salmon recovery and population productivity, and represent different priorities for the expenditure of limited funds for salmon recovery.

Habitat modeling is a tool to predict species occurrence and/or abundance based on a sampling design.  Habitat units are randomly sampled to estimate resource selection functions, which are used to estimate abundance and/or occurrence in unsampled areas (Manly et al. 2002).  Habitat modeling has been used to predict the distribution of salmonids based on field measurements and GIS data (Porter et al. 2000, Latteral et al. 2003, Lindley et al. 2005, Fransen et al. 2006, Burnett et al. 2007).  The benefits of GIS habitat modeling are that they can provide timely, accurate, and cost-effective assessments of species occurrence.  Therefore, we propose an innovative approach to combine field sampling and GIS data to develop species distribution models for ESA listed steelhead, Chinook, coho, and chum salmon in the Lower Columbia River ESU.  We propose to extend this species distribution model to estimate the blocked habitat using existing barrier inventories, providing a prioritized inventory of barrier removal for salmon recovery projects.  We further propose a pilot project to estimate loss in productivity potential for juvenile coho using the methods of Nicholson et al. (1992) or the Ecosystem Diagnosis and Treatment (EDT) model for the Coweeman salmon and steelhead populations.

This innovative approach has broad applications across the Pacific Northwest and Columbia Basin.  First, there are many Columbia River subbasins with multiple salmonid species, which the distribution and barrier analysis approaches could be applied because of similar GIS coverage, barrier inventories, and EDT databases. Second, detailed species distribution are fundamental to developing sampling designs to estimate population abundance from redd or Area-Under-the-Curve methods.  Over or under estimates of distribution will lead to bias population estimates, which may affect ESA listing determinations.  Finally planning and evaluating actions for restoration, protection, and reintroduction requires species distribution information.    

C. Rationale and significance to the Council’s Fish and Wildlife Program

The 2000 Fish and Wildlife Program identified a new program structure and framework for meeting its vision of  “Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region”.  This comprehensive program would be develop locally through subbasin plans while remaining consistent with the Endangered Species Act, Clean Water Act, Northwest Power Act, and policies of the states and Indian tribes, and would be based on a solid scientific foundation.  The subbasin planning process and the Lower Columbia salmon and steelhead recovery plan were subsequently completed (LCFRB 2004).  This proposal addresses the limiting factor of barriers to anadromous fish access identified in the subbasin plans and the recovery plan (LCFRB 2004).  The blockages are also recognized as a significant limiting factor for salmon and steelhead in the PCSRF and 2004 Biological Opinion.

D. Relationships to other projects

This project proposal fits with salmon recovery and monitoring programs in the F&W program, Lower Columbia salmon and steelhead recovery plan, and as a pilot for this innovative approach to be applied to other basins.  Salmon recovery actions through out the Columbia basin and elsewhere are funded through the PCSRF.  A significant portion of the PCSRF is allocated to habitat projects including barrier removal in Washington.  This proposal will develop salmon recovery metrics for a prioritized list for barrier removal in the Lower Columbia ESU.  This barrier removal analysis will be forwarded to the LCFRB, which is the local lead entity responsible for submitting barrier removal projects to be funded by the PCSRF.  It also has application for barrier removal projects funded by the United States Forest Service, local Conservation Districts, Washington Department of Transportation, Washington Department of Natural Resources, and others.  The techniques developed in this approach have regional application because similar barrier inventories and GIS data exist across the Columbia Basin. 

This proposal has been developed in collaboration with LCFRB.  First, LCFRB is finalizing data on barrier location and passage (Steve Manlow, pers. comm..) that will be used in this analysis.  This is the most comprehensive barrier inventory available and thus will be used to determine blocked anadromous areas.  Second coordination with the LCFRB, which is the local entity responsible for the coordination of salmon recovery, will ensure that the information will be used for salmon recovery and assist in dissemination/distribution to others.

E. Proposal objectives, work elements, methods, and monitoring and evaluation

Objective:  Provide an estimate of population productivity loss due to blockages for steelhead, Chinook, coho, and chum salmon in the Lower Columbia River ESU and a prioritized list of blockages for removal or assessment from salmon recovery funding sources. 

	Work

Element
	Work Description
	Timeline

	165
	ESA Permits for coho sampling
	Jan 2008

	157
	Coho Sampling
	May-Jul 2008

	159
	Submit/acquire GPS data
	Jul 2008 

	160
	Create/Manage/Maintain GIS database
	May-Oct 2008

	162
	Analyze/Interpret Spatial Data
	Nov-Dec 2008

	115
	Produce blockages assessment
	Jan-Mar 2009

	114
	Identify/Select barrier removal projects
	Apr 2009

	161
	Disseminate summary data and results
	Apr-Dec 2009

	99
	Education/Outreach
	Apr-Dec 2009

	119
	Produce scientific finding report
	Jul 2009


Table 1.  Work Elements and their timeline for proposal completion.

Objective:  Provide an estimate of population productivity loss due to blockages for steelhead, Chinook, coho, and chum salmon in the Lower Columbia River ESU and a prioritized list of blockages for removal or assessment from salmon recovery funding sources. 

Work Element (165): ESA compliance for juvenile salmonid electroshocking. 
Methods: A section 4(d) research permit from NOAA-Fisheries will be required for the juvenile coho salmon sampling using electroshocking.  WDFW has a permit for juvenile sampling including electroshocking activities within the ESU (Permit # WA2007-3601).  Permits are issued annually by NOAA-Fisheries and if funded WDFW would submit permit application to include this work for the 2008 field season.  NOAA requires proper training and record keeping.  Permits would not be required for the adult steelhead, Chinook, and chum salmon sampling since this occurs through visual observation.

Work Element (156): Develop RM&E methods & designs for juvenile coho sampling.

Methods: In this section, we provide an overview of factors that are considered in developing our juvenile sampling design.  The goal of this sampling design is to determine the upper extent of coho salmon distribution in representative streams within the LCR ESU, that will be used to predict species distributions for the ESU.  Factors considered in this design include sampling method, life stage, anthropogenic affects on distributions, and designs that provide representative sampling.  First, we considered the method and life stage to best collect this information.  Observation of adult coho is incomplete (Solazzi 1984) and spawning in the LCR occurs from October through January (LCFRB 2004), requiring 10 or more weekly samples.  Electroshocking is the most effective method for sampling juvenile coho (Rodgers et al. 1992) but proper techniques must be used to minimize injury (NOAA 2000).  Since juvenile coho are present near the spawning site until mid-summer or later, we propose a single site visit to sample juvenile coho salmon.  

To best characterize distribution affected by barriers, site selection will be limited to streams with known coho presence where distribution is not judged to be limited by an artificial barrier based on barrier inventory of Remote Site Incubator (RSI) programs, where eggs are incubated at streamside (WDFW and LCFRB unpublished data).  If samplers encounter sites where distribution is influenced by barriers, those sites will be dropped from the analysis. Coho salmon have a broad distribution in the three ecoregions of the LCR ESU: coastal, cascades, and gorge.  EMAP approach will be used to select 30 samples per ecoregion.  Cross-validation of the model will occur by comparing the modeled distribution to data collected from the Coweeman River and Mill, Abernathy, and Germany Creeks but not included in the model.  Adult steelhead, Chinook, and chum salmon sampling will use similar design and will be completed with cost-share funding sources.      

Work Element (157): Collect coho distribution data

Methods: Crews will be trained in electroshocker operation and field identification of juvenile salmonids (NOAA 2000, Pollard et al. 1997).  Crews will consist of two people, one operating a backpack electroshocker with the other operating the dip net to restrict downstream movement of fish and assist in fish capture.  Sampling will follow standard electroshocking protocols (NOAA 2000) and follow the presence/absence survey for Washington (WFPB 2002).  Following WFPB (2002) upstream sampling for coho salmon will continue until one of the two criteria are met: 1) no juvenile coho salmon are captured within ¼ mile of the last coho, and 2) the gradient increases to 20%.  In addition, upstream sampling will be terminated if flow are subterranean (Fransen et al. 2006) or waterfalls of 12 feet (Aaserude 1984,).  The occurrence of the last coho salmon and upper extent of survey will be record with hand-held GPS units. If reliable GPS locations cannot be obtained then locations will be noted on 1:24000 scale topographic maps.  Inter-annual and seasonal distribution of salmonids is variable (Cole et al. 2006).  Therefore repeated site visits on selected number of streams within the seasons and between years will occur for steelhead, Chinook, and chum salmon but not for coho salmon due to project time constraints.  

Work Element (159):  Submit and Acquire GPS Data.

Method: GPS locations will be downloaded from hand-held GPS units to office computers.  Previous data has already been submitted and acquired including the USGS 10-m digital elevation model (DEM), 1:24,000 scale hydrology (WDNR unpublished), average annual precipitation isopleths (WDNR unpublished data), and August or annual temperature data.  

Work Element(160): Create/Manage/Maintain Database for species distribution and environmental attributes

Methods:  This project proposes to use salmon occurrence sampling data and geographic attributes to predict salmonid distributions.   Therefore, the primary tool for creation, management, and maintenance of data will be ArcMap 9.2 GIS (ESRI 2007).   Metadata will be created for these data.   

It is unclear what specific physical characteristics will influence fish distribution for salmonids in the LCR.  Therefore, we propose to explore variables from other studies that affected fish distribution including elevation, gradient, air temperature, precipitation, basin area, flow, and valley floor width (Fransen et al. 2006, Porter et al. 2000, Kruse et al . 1997,  Lindley et al. 2005, Burnett et al. 2007).   

Work Element (162): Analyze/Interpret Spatial Data

Methods:   The statistical method for predicting the upper extent of salmon distributions has not been finalized but logistical regression (Fransen et al. 2006), classification trees (Nelitz et al. 2007), and general additive models (Hastie and Tibshirani 1990) are being considered.  Fransen et al. (2006) provides a summary of model development for determining the upper extent of resident fish distribution from sampling data and GIS variables using logistic regression (Hosmer and Lemeshow 2000).   Their process considered model selection, cut point, stopping rules, correct classification of reaches with salmonids (sensitivity), correct classification of reaches without salmonids, (specificity), absolute error, prediction error, and model validation.

Model selection will be conducted using standard statistical procedures including the use of Akaike’s Information Criteria (Burnham and Anderson 2002).  Variables considered during model selection will include gradient, basin area, flow, average precipitation, air temperature, elevation, and valley floor width (Porter et al. 2000, Lindley et al 2004, Fransen et al. 2006, Burnett et al. 2007).  Model discrimination ability (accuracy)  will be assessed using the area under the receiver operator characteristic curve (AUC, Hosmer and Lemeshow 2000).  Since the objective of this analysis is to accurately predict presence and absence, cutoff values will be selected by maximizing AUC.  Stopping rules, trigger size, and the upstream blockage size will be used to minimize the mean absolute error distance will also be selected to improve prediction success (Fransen et al. 2006).            

Model validation will be explored by developing models that leave out a portion of the data then fit this model to withheld data (Peterson and Dunham 2003).  Fransen et al. (2006) presented rational on the use of withholding data from fully sampled independent watersheds for model validation.  This procedure will not be possible with chum salmon because only three populations are present for sampling.  However, fully sampled watersheds will be withheld for the other salmonid species.  Statistics computed from model validation will include mean and median absolute error distance, and the percentage of exact, under, and over predictions. 

Work Element (115): Produce an estimate of steelhead, Chinook, Coho, and Chum Salmon distribution and length of stream blocked by culverts. 
Methods: Based on the analysis in work element (162), WDFW will estimate species geographic distributions.  The length of stream blocked by barriers for each species will be estimated from above GIS species distribution data and the LCFRB culvert inventory project, which is the combination of county, federal, state, and private inventories (LCFRB unpublished).  The assessment will be the linear distance of species distribution and the current linear distance of species distribution blocked by barriers.   The assessment will be available in both tabular and map format.

Work Element (114): identify and select projects for barrier removal
Methods: Based on the assessment in work element (115), a prioritized list for barrier removal will be developed.  We propose a simple metric for barrier ranking.  The barrier ranked highest for removal, is the barrier with the most linear miles of habitat for all species combined, while the lowest ranked would have the least miles.  Alternate methods could developed using various weighting factors including population rank from the recovery plan (LCFRB 2004), habitat ratings from the Ecosystem Diagnosis and Treatment Model (Rawding 2004), other assessments of habitat quality and quantity (Burnett et al. 2007, Steel et al. 2003).  We will work with the LCFRB to finalize ranking criteria.

Work Element (161) Disseminate Raw/Summary Data and Results

Methods:  The most relevant data for salmon recovery is likely to be maps of species distribution and culverts, a table of miles of habitat above a blockage for each species and a rating of blockages for removal or further assessment.  This data is most relevant for federal, state, and local governments and non-governmental organization concerned with salmon recovery.  Distribution of data to the Lower Columbia Fish Recovery Board (LCFRB), Washington Department of Natural Resources (WDNR), Washington Department of Transportation (WDOT), Washington Department of Transportation (WDOE), Cowlitz-Wahkiakum, Lewis, Clark, and Underwood Conservation Districts, Lower Columbia Fisheries Enhancement Group, Mid-Columbia Fisheries Enhancement Group, Gifford Pinchot National Forest, United States Fish and Wildlife Service Vancouver and Lacey Offices, United States Geological Survey - Cook, NOAA-Regional Office and Northwest Fisheries Science Center, Wahkiakum, Lewis, Clark, and Skamania Counties, timber companies, and other interested entities.  

Specific presentations will be made at USFWS workshops, AFS meetings, Willamette/Lower Columbia Technical Recovery Team, Lower Columbia watershed planning meetings, and to the LCFRB Technical Advisory Committee.  In addition data will be provided to StreamNet (http://www.streamnet.org/ ) and SalmonScape (http://wdfw.wa.gov/mapping/salmonscape/ ) so that it is accessible to the general public, researchers, and others.

Work Element (99): Education and Outreach

Methods:  The primary focus of our education and outreach is to those entities that are responsible for barrier inventories, assessment, and removal.  Our primary education and outreach will be with the LCFRB, who coordinate salmon recovery projects including barrier removal.   

Work Element (183): Produce Scientific Findings Report

Methods: A manuscript will be submitted for peer review to a scientific journal. If the manuscript is not promptly accepted for publication, the manuscript is will be submitted to BPA as a Technical Report.

Work Element (119):  Manage and Administer Projects

Methods: Covers all project management and administrative work related to the contract.

Work Element (185): Produce Pieces Status Report  
Methods: Prepare and submit status report to COTR via Pisces 7 days after the end of the month (if monthly) or 15 days after the end of the quarter (if quarterly).

F. Facilities and equipment 

The primary equipments needed for this project include: transportation, field equipment including GPS, batteries, battery charger, waders, wading boots, life jacket, digital camera, electroshocker, dip net, shocker spare battery and charger, office space, computers, Arc-Info, and Arc-Info tools.  WDFW will supply two electroshockers, two GPS, ArcInfo, ArcInfo tools, and office space as in-kind, with the remainder funded through this project.
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H. Key personnel

Key personnel in this project are Dan Rawding, Kirk Krueger, Brian Cosentino, and Dave Price.   Duties on the project, and FTEs are listed in Table 2.  Mr. Price’s time is an in-kind contribution.    

	Personnel
	FTE
	Role

	Dan Rawding
	.2
	Project Leader, Field Supervisor,  Statistical Analysis

	Kirk Krueger
	.15
	Study Design, Statistical Analysis

	Brian Cosentino
	.25
	GIS Analysis

	David Price
	.1
	Project 


Table 2.  Key personnel for proposal.
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Natural Resource Scientist, Washington Department of Fish and Wildlife, White Salmon, WA.

Current Responsibilities:. Lead agency scientist for salmon and steelhead population monitoring and salmon recovery in the Lower Columbia River.  Responsible for evaluation and development of population monitoring programs for salmon and steelhead, fisheries and hatchery risk assessments, application of EDT for salmon recovery, and representing WDFW on NOAA-Fisheries and USFWS technical recovery teams for salmon, steelhead, and bull trout.
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District Fish Biologist, Washington Department of Fish and Wildlife, Region 5, Vancouver, WA.

1986-1988
Fish Biologist, U.S. Army Corps of Engineers, Cascade Locks, OR.
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1984,81
Fisheries Technician, Washington Department of Natural Resources, Fish Program, Forks,WA, and U.S. Forest Service, Tongass National Forest, Sitka, AK.

Education:
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Rawding, D. 2004.  Comparison of Spawner-Recruit Data with Estimates of Ecosystem Diagnosis and Treatment (EDT) Spawner-Recruit Performance.  Washington Department of Fish and Wildlife.  Olympia, WA

McElhaney, P., T. Backman, C. Busack, S. Heppell, S. Kolmes, A. Maule, J. Meyers, D, Rawding, D. Shively, A. Steel, C. Steward, and T. Whitesel.  2003.  Interim report on viability criteria for Willamette and Lower Columbia Basin Pacific Salmonids.  NOAA-Fisheries. Northwest Fisheries Science Center.  Seattle, WA.

Brian L. Cosentino

Washington Department of Fish & Wildlife

Habitat Program

Olympia, Washington
cosenblc@dfw.wa.gov 

Education

M.S.- Environmental Monitoring, University of Wisconsin-Madison 1992

B.S. - Forestry, Northern Arizona University 1980

Experience

1996 to present



Senior GIS Analyst-Wash. Dep. Fish & Wildlife
Recently moved to a new position in the Habitat Program in January 2007.  This position is the GIS lead for the Salmon and Steelhead Habitat Inventory and Assessment Project (SSHIAP), responsible for fish habitat data development and geo-spatial modeling.  Previous fish habitat support, primarily stream gradient programming, was performed over the 2000 to 2001 period.  Other activities include riparian buffer analysis, spotted owl habitat assessment, and land cover mapping.

1994 to 1996




GIS Analyst- Applied Technology Associates

Publications/Symposia

Cosentino, B.L., Assessment of Landsat Thematic Mapper data for mapping forest crown cover decrease in the Central Blue Mountains of Oregon, Proceedings of the 1997 ACSM/ASPRS Convention, Seattle, WA.  pp. 390-399.

Desimone, S.M., B.L. Cosentino, J.B. Buchanan, D.J. Pierce, and T. Quinn, (in review).  A multi-scale planning procedure to optimize wildlife habitat planning in an industrial forest landscape with riparian buffers.  Washington Department of Fish and Wildlife, 600 Capitol Way North, Olympia, WA 98501-1091, USA.  

Lunetta, R.S., B.L. Cosentino, D.R. Montgomery, E.M. Beamer, and T.J. Beachy, 1997. 

GIS-Based evaluation of salmon habitat in the Pacific Northwest, Photogrammetric Engineering & Remote Sensing, 63(10):1219-1229.  (Also in GIS for Water Resources and Watershed Management, Chap. 14, Ann Arbor Press, 2003).

Pierce, D.J., J. B. Buchanan, B. L. Cosentino, and S. Snyder. 2005. An assessment of

Spotted Owl habitat on non-federal lands in Washington between 1996 and 2004.

Final Report. Washington Department of Fish and Wildlife, Olympia,

Washington, USA. 187 p.

Wilhere, G.F., M.J.Linders, B.L. Cosentino. Defining alternative futures and projecting their effects on the spatial distribution of wildlife habitats, Landscape and Urban Planning, Vol. 79, pp385-400. 

Kirk Krueger

Washington Department of Fish & Wildlife

Habitat Program

Olympia, Washington
Kirk Krueger is currently completing his doctoral dissertation at Virginia Tech.  He has a Master’s of Science degree in zoology and physiology from the University of Wyoming, and a Bachelor of Arts from Minnesota State University at Moorhead.  He is a Research Scientist with the Washington Department of Fish and Wildlife (WDFW), Habitat Program, Science Team with expertise in statistical sampling and experimental design, building and assessing models that predict species occurrence, stream fish ecology, fluvial geomorphology, and spatial analysis.  His current work involves developing and implementing rigorous research projects for the Intensively Monitored Watershed project, developing GIS and modeling tools for the Habitat Assessment Section of the WDFW, and assisting other WDFW projects with experimental and sampling design problems and data analyses.  

Selected Publications 

Krueger, K. L., and P. L. Angermeier.  In preparation.  Comparison of stream classifications, discriminant 

functions, general linear models, classification trees and artificial neural networks for predicting 

occurrence of stream fishes at fine spatial grain and large spatial extent.  

Krueger, K. L., and P. L. Angermeier.  In preparation.  Predicting fish occurrence at large spatial scales: 

accuracy and precision of static models using watershed descriptors.  

Cook, R. R., D. Finn, N. L. Poff, P. L. Angermeier, and K. L. Krueger.  2004.  Sampling 

completeness, spatial scale, and geographic variation in patterns of nestedness among native and 

non-native freshwater fish species assemblages in Virginia streams.  Oecologia 140: 639-649.  

Angermeier, P. A., K. L. Krueger, and C. A. Dolloff.  2001.  Discontinuity in stream-fish distributions: 

implications for designing surveys and predicting species occurrences.  Predicting 

Species Occurrences: Issues of Scale and Accuracy, J. M. Scott, et al. eds. Island Press, 

Washington, D.C. In Press.

Isaak, D. J., W. A. Hubert, and K. L. Krueger.  1999.  Accuracy and precision of stream reach water surface 

slopes estimated in the field and from maps.  North American Journal of Fisheries Management  

19: 141-148.  

David M. Price

Education


Master of Science, 1998.  Oregon State University, Salmonid Ecology 

Bachelor of Science 1988.  Oregon State University, Fish Biology.

Professional Experience

Science Section Manager, Research Scientist. Washington Department of Fish and Wildlife.  

Manage all aspects of the Habitat Information and Assessment Section.  Direct original research in the Intensively Monitored Watersheds under contract from the Washington Salmon Recovery Funding Board. This includes study plan development, managing and directing staff and resources, developing restoration actions and monitoring schemes, and managing budgets.   Manage and direct original geographic information systems work for fish habitat in the Salmon and Steelhead Inventory and Assessment Program (SSHIAP).  Manage and Direct the Priority Species and Habitats data Program (PHS).  Provide oversight and direction for the Salmonscape application (an ArcIMS tool).  Develop and implement monitoring strategies for Washington salmon recovery efforts, including intensive monitoring, status and trend monitoring, and effectiveness strategies.  

Selected Publications

Cole, M.B., D.M. Price, and B.R. Fransen. 2006. Change in the upper extent of fish distribution in eastern Washington streams between 2001 and 2002.  Trans Am. Fish Soc. 135:634–642.
Price, D.M., M.B. Cole, and B.R. Fransen.  In prep. Seasonal and interannual variability of fish distribution in the upper extent of eastern Washington streams.  

Price, D.M. 1998.  Multiscale Habitat Electivity and Movement Patterns by Adult Spring Chinook Salmon in Seven River Basins of Northeast Oregon.  Master’s thesis, Oregon State University.

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