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a. Abstract 
A coordinated and integrated approach to the monitoring and evaluation of status and trends in anadromous and resident salmonid populations and their habitats is needed to support and evaluate restoration efforts in the Lower Columbia Province.  Currently, independent research projects and some monitoring activities are conducted by various state and federal agencies and to some extent by watershed councils or landowners, but there is no overall framework for coordination of efforts or for interpretation and synthesis of results.  We propose that the structure and methods employed by the Oregon Plan for Salmon and Watersheds Monitoring Program (Nicholas, 1997a; 1997b; 1999) be extended to Oregon’s portion of the Lower Columbia below Willamette Falls (Willamette, Sandy, Lower Columbia Subbasins).  This approach, successfully implemented in Oregon’s coastal watersheds, applies a rigorous sampling design to answer key monitoring questions, provides integration of sampling efforts, and has greatly improved coordination among state, federal, and tribal governments, along with local watershed groups.  ODFW proposes to monitor the status, trends, and distribution in adult coho and steelhead populations, juvenile salmonids populations, and the habitats they depend on at the Provincial and Subbasin scales.  The proposed project is high priority based on the elevated level of emphasis the NWPPC Fish and Wildlife Program and Subbasin Summaries, NMFS 2000 FCRPS Biological Opinion, and the Oregon Plan for Salmon and Watersheds have placed on monitoring and evaluation to provide the real-time data to guide restoration and adaptive management in the region.

b. Technical and/or scientific background
There is near universal support in the scientific and regulatory community regarding the critical role of monitoring to assure accountability, adaptive learning, and the credibility of recovery efforts for native salmonids and the watersheds that support them.  When the Oregon Plan for Salmon and Watersheds (Nicholas, 1997a) was developed for coastal watersheds, monitoring was one of the four primary elements of the Plan.  The conceptual framework and the programs that support the Oregon Plan Monitoring Program were critically reviewed and strongly supported by State, Federal, Tribal and Non-Governmental experts, along with the State of Oregon’s Independent Multidisciplinary Scientific Team prior to implementation.  The Plan received high marks for the comprehensive, integrated, and coordinated approach the State has taken to monitoring the effectiveness of the Oregon Plan.  While this program was developed for coastal watersheds, it is a model that can be readily applied to salmon recovery efforts across the State and the Pacific Northwest.

This proposal will provide the relevant data to quantify the current status and long-term trends in all anadromous and resident salmonids populations (at risk and otherwise) and the habitats they are dependent on in the Oregon portion of the Lower Columbia Province.  The imminent risk this proposal addresses is the lack of information to quantify based on statistically rigorous methods the current status of fish populations and habitats in the region. This assessment will provide the underlying scientific information to guide the development of restoration and protection priorities that support sub-basin assessments and the allocation of funds.  

The NMFS 2000 FCRPS Biological Opinion (Action 180) calls for the development and implementation of a basinwide hierarchical monitoring program.  The monitoring program outlined in this proposal will provide statistically rigorous estimates of the status, trends, and distribution of adult and juvenile salmon and their habitats.  Data from this program will meet most of the requirements for NMFS proposed Tier 1 and Tier 2 sampling in the BiOp.

c. Rationale and significance to Regional Programs
The program described in this proposal is consistent with and supports the monitoring needs specified by the amended NWPPC’s Columbia Basin Fish and Wildlife Program and Subbasin Summaries, NMFS 2000 FCRPS Biological Opinion, and the Oregon Plan for Salmon and Watersheds.  The Fish and Wildlife Program (Chapter 9) calls for monitoring and evaluation of biological and environmental conditions at the scale of provinces and subbasins.  The subbasin summaries this proposal addresses (Lower Columbia, Sandy, Willamette) all call for a framework for the coordination and integration of monitoring efforts and increased monitoring of the status trends in anadromous and resident fish populations and habitats in their respective “Fish and Wildlife Needs” sections.  The proposed monitoring program will provide a framework for improved coordination and integration of monitoring efforts.  ODFW will monitor and evaluate the status and trends in fish populations (abundance and distribution) and habitat (quantity and quality) at the Province (Oregon Portion) and Subbasin scales.  The purpose of the monitoring and evaluation program is to assure that the effects of actions taken under sub-basin plans are measured, that these measurements are analyzed so that we have better knowledge of the effects of the action, and that this improved knowledge is used to choose future actions.

This proposal addresses several action items under the NMFS 2000 FCRPS Biological Opinion.  In Section 9.6.5 Research, Monitoring, and Evaluation Plan, the Reasonable and Prudent Alternatives (RPA) require that a comprehensive monitoring and evaluation program be developed to determine the effectiveness of the suite of actions called for under the RPA.  The RPA proposes that research, monitoring, and evaluation must address five areas:  population status monitoring, environmental status monitoring, effectiveness monitoring, quality of regional databases, and compliance monitoring.  The monitoring program described in this proposal will address population status monitoring and the habitat component of environmental status monitoring.  Action 174 (Reform of Artificial Propagation) is supported by developing estimates of the abundance and distribution of hatchery fish in natural production areas through counts of adult salmon spawners or redds.  Action 180 (Population Status and Environmental Status Monitoring) is fundamentally supported by ODFW’s proposed monitoring program.  ODFW’s monitoring program contains all of the essential elements of NMFS framework for monitoring.  Action 184 (Hatchery Reform Monitoring) is partially supported by the proposed monitoring program by estimating the distribution and abundance of adult hatchery fish on spawning grounds.

Under the Oregon Plan (Coastal Salmon Restoration Initiative, Steelhead Supplement, Executive Order No. EO 99-01) monitoring is one of the four essential elements to implement the Plan.  ODFW’s monitoring proposal for the Lower Columbia Province Project Selection is consistent and complimentary to the program ODFW has implemented in coastal watersheds.  This proposal also supports the implementation of the Oregon Plan statewide for all salmonids at-risk throughout the state.
d. Relationships to other projects 
A coordinated approach to assessment and monitoring of anadromous and resident salmonid populations and their habitats is needed to support restoration and recovery efforts in the Columbia Basin.  Currently, independent research projects and some monitoring activities are conducted various state and federal agencies, tribes, and to some extent by watershed councils or landowners, but there is no overall framework for coordination of efforts or for interpretation and synthesis of results. There is a proposed BPA funded project to  evaluate the effects of hatchery carcass placement in the Clackamas and Sandy Basins.  If this project occurs, we will coordinate sampling efforts to complement each project and utilize the same field methods to provide consistency in data collection.  We propose that the structure and methods employed by the Oregon Plan for Salmon and Watersheds (OPSW) Monitoring Program be extended to Oregon’s portion of the Columbia Basin.  A consistent and coordinated approach to monitoring and evaluation is a cornerstone of the NWPPC Fish and Wildlife Program and the OPSW.  This approach, successfully implemented in Oregon’s coastal watersheds, applies a rigorous statistically-based sampling design to answer key monitoring questions, provides integration of sampling efforts, and has greatly improved coordination among state agencies, federal agencies, and local watershed groups. The Goal of the proposed project is to systematically implement salmonid population assessments, stream channel and riparian habitat assessments.  In the fall of 2002 a NMFS supported project will be conducted to initiate Task 3 of the proposed monitoring program.  This effort will lay the groundwork for the proposed sampling by developing the GIS coverages and site selection procedures and evaluate the logistics of conducting field surveys.   

e. Project history (for ongoing projects) 

N.A.

f. Proposal objectives, tasks and methods
Objectives:

Objective 1:
Implement EMAP sampling framework developed for coastal Oregon watersheds (Firman and Jacobs, 2001; Stevens and Olsen, 1999) to monitor the status and trends in anadromous and resident salmonid populations (adult and juvenile) and their habitats throughout the Oregon portion of the Lower Columbia Province.

Task 1:  Habitat and Juvenile Salmonid Monitoring – ODFW will sample 50 spatially balanced, randomly selected 500-1000 meter reaches in the Lower Columbia province below Willamette Falls.  The sampling universe will be the range of juvenile salmonids in Oregon tributaries to the Columbia River drawn from the 1:100k EPA River Reach file.  Sampling will be based on standard methods for habitat and juvenile monitoring adopted by ODFW (Moore et al., 1999; Rodgers, 2000; Thom et al., 2000).  Habitat sampling will determine current habitat conditions in each of the subbasins and allow for assessing how habitat conditions change in the future.  Current habitat conditions will also be compared to habitat benchmarks ODFW established in 1999 and 2000 (Thom et al., 1999; 2000).  Juvenile salmonid sampling through snorkeling, electro-fishing, and seining will determine the current distribution and abundance of coho for the province and trends in distribution and abundance for all salmonids.  In addition, trends among the subbasins can be compared over time.

Task 2: Steelhead Spawner Monitoring – ODFW will sample 60 spatially balanced, randomly drawn 1- mile reaches in the province below Willamette Falls.  The sampling universe will be the range of steelhead spawning in the province.  Sample size is based on the minimum number of sites necessary to quantify current conditions (status) and detect trends in conditions over time.  Sampling will be based on ODFW protocols (Susac and Jacobs, 1998) for spawning surveys.  Each site will be visited once every 10-14 days across the entire spawning season to count steelhead redds.  The population status will be indexed through cumulative redd counts.  Steelhead spawner sampling will determine the current abundance and distribution of adult spawners at the scale of the province below Willamette Falls and each of the three subbasins (Clackamas, Sandy, Lower Columbia).  Expected precision at the province scale will be (25% and (40% at the subbasin scale.  Hatchery:wild ratios will be estimated by observing the occurrence of adipose fin-clipped and unmarked live fish on spawning grounds.

Task 3: Coho Spawner Monitoring - ODFW will sample 120 spatially balanced, randomly drawn 1-mile reaches in the province below Willamette Falls.  The sampling universe will be the range of coho spawning in the province.  Sample size is based on the minimum number of sites necessary to quantify current conditions (status) and detect trends in conditions over time.  Sampling will be based on ODFW protocols (ODFW, 2000) for spawning surveys.  Each site will be visited once every 10 days across the entire spawning season to count live fish.  The population size of spawners at each site will be estimated using area-under-the-curve techniques (AUC).  Coho spawner sampling will determine the current abundance and distribution of adult spawners at the scale of the province below Willamette Falls and each of the three subbasins (Clackamas, Sandy, Lower Columbia).  Expected precision at the province scale will be (25% and (40% at the subbasin scale.  Hatchery:wild ratios will be determined by observing the occurrence of adipose fin-clipped and unmarked live fish and carcasses recoveries on spawning grounds.

g. Facilities and equipment
Staff to support and supervise this project will be housed in the ODFW Northwest Regions Research and Monitoring Program in Corvallis and various field offices in the Lower Columbia Province.  
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Thomas E. Nickelson, 0.1 FTE

Northwest Region Research Supervisor 

Oregon Department of Fish and Wildlife, 28655 Hwy 34, Corvallis, OR 97333

Education and Experience

B.S. Fisheries-Humboldt State University, 1971

M.S. Fisheries-Oregon State University, 1974

Research Biologist for ODFW since 1974.


1974-1979      Project Leader: Streamflow Requirements of Salmonids


1979-1986      Project Leader: Coho Production Factors & Coho Restoration

1986-1997     Program Leader, Freshwater Production Studies which currently includes research projects dealing with: 1) habitat requirements of salmonids and response to habitat improvement, 2) methods to reduce the impacts of hatchery steelhead on wild steelhead, 3) native trout life histories, 4) aquatic inventories, and 5) ecosystem related special projects.

1997-pres.      Northwest Region Research Supervisor: Supervise the Western Oregon Fish Research & Monitoring Program which includes the following research and monitoring projects: 1) coastal salmonid life-cycle monitoring; 2) coastal salmonid spawner abundance monitoring; 3) Willamette spring chinook salmon research, and; 4) statewide scale analysis.

Principle areas of research: 


Ocean effects of coho salmon survival.


Salmonid habitat requirements


Use of hatchery coho salmon for supplementation.


Population and habitat modeling.

Selected Publications:

Nickelson, T.E., M.F. Solazzi, and S.L. Johnson. 1986. Use of hatchery coho salmon (Oncorhynchus kisutch) presmolts to rebuild wild populations in Oregon coastal streams. Can. J. Fish. Aquat. Sci. 43:2443-2449.

Nickelson, T.E. 1986. Influences of upwelling, ocean temperature, and smolt abundance on marine survival of coho salmon (Oncorhynchus kisutch) in the Oregon Production Area.  Can. J. Fish. Aquat. Sci. 43:527-535.

Johnson, S.L., M.F. Solazzi, and T.E. Nickelson.  1990.  Effects on survival and homing of trucking hatchery yearling coho salmon to release sites. N. Am. J. Fish. Mgt. 10:427-433.

Solazzi, M. F., T. E. Nickelson, and S. L. Johnson. 1991.  Survival, contribution, and return of hatchery coho salmon (Oncorhynchus kisutch) released into freshwater, estuarine, and marine environments.  Can. J. Fish. Aquat. Sci. 48:248-253.

Nickelson, T. E., J. D. Rodgers, S. L. Johnson, and M. F. Solazzi.  1992.  Seasonal changes in habitat use by juvenile coho salmon (Oncorhynchus kisutch) in Oregon coastal streams.  Can. J. Fish. Aquat. Sci. 49:783-789.

Nickelson, T. E., J. D. Rodgers, S. L. Johnson, and M. F. Solazzi.  1992.  Effectiveness of selected stream improvement techniques to create suitable summer and winter rearing habitat for juvenile coho salmon (Oncorhynchus kisutch) in Oregon coastal streams.  Can. J. Fish. Aquat. Sci. 49:790-794.

Nickelson, T.E. and P.W. Lawson.  1998.  Population viability of coho salmon, Oncorhynchus kisutch, in Oregon coastal basins: application of a habitat-based life cycle model.  Can. J. Fish. Aquat. Sci. 55:2383-2392.

Solazzi, M.F., T.E. Nickelson, S.L. Johnson, and J.D. Rodgers.  2000.  Effects of increasing winter rearing habitat on abundance of salmonids in two coastal Oregon streams.  Can. J. Fish. Aquat. Sci. 57:906-914.
Kim K. Jones, 0.1 FTE

Supervising Fish and Wildlife Biologist

Natural Production Section


Oregon Department of Fish and Wildlife, 28655 Hwy 34, Corvallis, OR  97333

EDUCATION: B.A., Carleton College (1977); M.S., School of Oceanography, Oregon State University (1983) 

EMPLOYMENT:  Supervising Fish and Wildlife Biologist, Oregon Department of Fish and Wildlife (1989-present); Fish and Wildlife Biologist II, Oregon Department of Fish and Wildlife (1988-89); Experimental Biology Aide, Oregon Department of Fish and Wildlife (1983-88); Research Assistant and Graduate Research Assistant, Oregon State University, College of Oceanography (1979-83).
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Jones, K. K. and K. M. S. Moore.  1999.  Habitat assessment in coastal basins in Oregon:  implications for coho salmon production and habitat restoration.  Pages 329-340 In Sustainable Fisheries Management.  E. E. Knudsen, C. R. Steward, D. D. McDonald, J. E. Williams, and D. W. Riser Eds.  CRC Press New York 724 p.

Jones, K.K., and four co-authors.  1998.  Status of Lahontan cutthroat trout in the Coyote Lake Basin, southeast Oregon.  North American Journal of Fisheries Management 18:308-317.

Dambacher, J.M. and K.K. Jones.  1997.  Stream habitat of juvenile bull trout populations in Oregon and benchmarks for habitat quality.  Pages 353-360 in Mackay, W. C., Brewin, M. K., and M. Monita, editors.  Friends of the bull trout conference proceedings.  Bull Trout Task Force (Alberta), c/o Trout Unlimited Canada, Calgary.

Bottom, D.L., Jones, K.K., Rodgers, J.D. and R.F. Brown.  1993.  Research and management in the northern California current ecosystem.  Chapter 24, pp. 259-271 in Sherman, Alexander, Gold, editors.  Large Marine Ecosystems:  Stress, Mitigation, and Sustainability.  American Association for the Advancement of Science, Washington, DC.

Bottom, D.L. and K.K. Jones.  1990.  Species composition, distribution, and invertebrate prey of fish assemblages in the Columbia River estuary.  Progress in Oceanography.  Vol 25: 243-270.

Jones, K.K., C.A. Simenstad, D.L., Higley, and D.L. Bottom.  1990.  Community structure, distribution, and standing stock of benthos, epibenthos, and plankton in the Columbia River estuary.  Progress in Oceanography.  Vol 25: 211-241.

Bruce A. McIntosh, Ph.D., 0.1 FTE

ODFW Oregon Plan Monitoring CoordinatorPRIVATE 

Oregon Department of Fish and Wildlife, 28655 Highway 34, Corvallis, OR  97333

Education and Experience

B.S., Wildlife Biology-University of Montana, 1982

M.S., Forest Ecology-Oregon State University, 1992

Ph.D., Forest Ecology-Oregon State University, 1995

2000 – present
Oregon Plan Monitoring Coordinator, Oregon Department of Fish and Wildlife and Assistant Professor (Courtesy), Departments of Fisheries and Wildlife and Forest Science, Oregon State University 

1999 – 2000
Assistant Professor, Dept of Forest Science, Oregon State University

1996 – 1999

Research Associate, Dept of Forest Science, OSU

1992 – 1996

Faculty Research Assistant, Dept of Forest Science, OSU

Principal areas of research:

Assessment of the structure, function, and dynamics of aquatic ecosystems

Evaluation of historical changes in aquatic ecosystem structure and function and the influence of anthropogenic and natural disturbance on these changes

Multi-scale methods to assess aquatic condition and community structure of watersheds

Freshwater ecology of fish assemblages of the Pacific Northwest

The use of remote sensing techniques for across scale assessments and watershed monitoring

Selected Publications:

Torgersen, C.E., R.N. Faux, B.A. McIntosh, N.J. Poage, and D.J. Norton.  2001.  Airborne Thermal Remote Sensing for Water Temperature Assessment in Rivers and Streams.  Remote Sensing of Environment.
Faux, R.N., and B.A. McIntosh.  2000.  Stream temperature assessment using forward-looking infrared (FLIR).  Conservation Biology in Practice, 1(10): 38-39.

McIntosh, B.A., J.R. Sedell, R.F. Thurow, S.E. Clarke, and G.L. Chandler.  2000.  Historical changes in stream habitats in the Columbia River basin.  Ecological Applications, 10(5): 1478-1496.

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

McIntosh, B.A., J.R. Sedell, J.E. Smith, R.C. Wissmar, S.E. Clarke, G.H. Reeves, and L.A. Brown. 1994.  Historical changes in fish habitat for select river basins of eastern Oregon and Washington.  Northwest Science, 68(Special Issue): 36-53.

Jeffrey D. Rodgers 0.1 FTE

ODFW Western Oregon Rearing Project LeaderPRIVATE 

Oregon Department of Fish and Wildlife, 28655 Highway 34, Corvallis, OR  97333

Education and Experience

B.S., Biology-University of Oregon, 1978

M.S., Fisheries and Wildlife -Oregon State University, 1986

1978-82
Research assistant for ODFW conducting population estimates of adult and juvenile salmonids in Oregon coastal streams and conducting feeding behavior studies on juvenile chinook salmon

1983-84
Assistant project leader for ODFW on project compiling report on the effects of nonpoint source pollution on anadromous fish and their habitat

1985-86
Research assistant at Oregon State University conducting study on the winter habitat use and smolt physiology of coho salmon.

1987-94
Assistant project leader for ODFW Salmonid Habitat Project responsible conducting studies on the habitat needs of anadromous salmonids, the effects of habitat restoration on smolt production, and the performance of methods to estimate juvenile fish population sizes.

1994-97
Assistant project leader for ODFW Pacific Rim Project responsible for GIS analysis incorporated into a report on alternative conservation strategies for North Pacific Rim salmonids.

1998 to present
Project leader for ODFW Western Oregon Rearing Project responsible for conducting juvenile salmonid surveys along the Oregon Coast

Principal areas of research:

Habitat requirements of juvenile anadromous salmonids. 

Smolt physiology of juvenile salmonids.

Effects of habitat restoration on smolt production.

Accuracy of fish population estimators.  

Use of GIS to as a tool to synthesize ad manage habitat and fish population data over large geographic areas

Selected Publications:

Ewing, R.D., and J.D. Rodgers.  1998.  Changes in physiological indices of smolting during seaward migration of wild coho salmon (Oncorhynchus kisutch).  Aquaculture 168:69-83.

Bottom, D.L., K.K. Jones, J.D. Rodgers, and R.F. Brown.  1993.  Research and management in the Northern California Current Ecosystem.  Pages 259-271 in K. Sherman, L. Alexander, and B. Gold, editors.  Stress, mitigation, and sustainability of large marine ecosystems.  American Association for the Advancement of Science, Washington, D.C.

Nickelson, T.E., J.D. Rodgers, S.L. Johnson, and  M.F. Solazzi.  1992.  Seasonal changes in habitat use by juvenile coho salmon (Oncorhynchus kisutch) in Oregon coastal streams.  Canadian Journal of Fisheries and Aquatic Sciences 49:783-789.

Nickelson, T.E., M.F. Solazzi, S.L. Johnson, and J.D. Rodgers.  1992.  Effectiveness of selected stream improvement techniques to create suitable summer and winter rearing habitat for juvenile coho salmon (Oncorhynchus kisutch) in Oregon coastal streams.  Canadian Journal of Fisheries and Aquatic Sciences 49:790-794

Nickelson, T.E., M.F. Solazzi, S.L. Johnson, and J.D. Rodgers.  1994.  An approach to determining the carrying capacity and limiting habitat for coho salmon (Oncorhynchus kisutch).  Proceedings of the Coho Workshop, May 26-28, 1992, Nanaimo, British Columbia.

Rodgers, J.D.  2001. Monitoring of the Abundance of Juvenile Salmonids in Oregon Coastal Streams, 2001.  Monitoring Program Report Number OPSW-ODFW-2001-1, Oregon Department of Fish and Wildlife, Portland.

Rodgers, J.D., R.D. Ewing, and J.D. Hall.  1987.  Physiological changes during seaward migration of wild juvenile coho salmon (Oncorhynchus kisutch).  Canadian Journal of Fisheries and Aquatic Science 44:452-457.

Rodgers, J.D., S.L. Johnson, T.E. Nickelson, and M.F. Solazzi.  1994.  The seasonal use of natural and constructed habitat by juvenile coho salmon (Oncorhynchus kisutch) and preliminary results from two habitat improvement projects on smolt production in Oregon coastal streams.  Proceedings of the Coho Workshop, May 26-28, 1992, Nanaimo, British Columbia.

Rodgers, J.D., M.F. Solazzi, S.L. Johnson, and M.A. Buckman.  1992.  A comparison of three population estimation techniques to estimate juvenile coho salmon populations in small streams.  North American Journal of Fisheries Management 12:79-86.

Solazzi, M.F., T.E. Nickelson, S.L. Johnson, and J.D. Rodgers.  2000.  Effects of increasing winter rearing habitat on abundance of salmonids in two coastal Oregon streams.  Canadian Journal of Fisheries and Aquatic Sciences. 57:906-914.

Zolotukhin, S.F., A.Iu. Semenchenko, M.H. Unsworth, D.L. Bottom, and J.D. Rodgers.  1996.  Joint Russian-American Project “Ecosystems of Salmon Rivers”.  Proceedings of the Ocean Fisheries Research Conference (Rybokhoziaistennye issledovaniia okeana; materialy iubileinoi nauchnoi konferenstii 8-12 aprelia 1996 goda).  Vladivostok, Izdatel’stvo Dalrybvtuza. 

Steven E. Jacobs 0.1 FTE

ODFW Coastal Salmonid Inventory Project LeaderPRIVATE 

Oregon Department of Fish and Wildlife, 28655 Highway 34, Corvallis, OR  97333

Education and Experience

B.S., Wildlife and Fisheries Biology-University of California at Davis, 1977

M.S., Fisheries -Oregon State University, 1981

1979-81
Graduate research assistant for at Oregon State University conducting research on effects of transportation on survival of hatchery salmon smolts and interaction between hatchery coho salmon and wild cutthroat trout.

1981-84
Assistant project leader for ODFW on research project of effects of Applegate Dam on Salmonid populations of the Rogue River Basin.

1985-87
Assistant project leader for ODFW on research project on stock assessment of anadromous salmonids.

1987-present
Project leader for ODFW Coastal Salmonid Inventory Project. Project responsible for monitoring status and trends of coastal stocks of anadromous Salmonid stocks through adult inventories

Principal areas of research:

Population dynamics of anadromous salmonids. 

Life history analysis of anadromous salmonids

Population assessment of salmonid stocks.

Development of statistical sampling programs.  

Development of field sampling methodology

Selected Publications:

Jacobs S., J. Firman, and G. Susac.   2001. Status of Oregon coastal stocks of anadromous salmonids, 1999-2000; Monitoring Program Report Number OPSW-ODFW-2001-3, Oregon Department of Fish and Wildlife, Portland, Oregon.

Jacobs, S.E. and T.E. Nickelson.  1998.  Use of Stratified Random Sampling to Estimate the Abundance of Oregon Coastal Coho Salmon: Summary of eight years of Research.  Completion Report.  Oregon Department of Fish and Wildlife, Portland.

Firman, J.C., and S.E. Jacobs.  2000.  A survey design for integrated monitoring of salmonids.  First Int. Symp. On GIS in Fishery Science.

Susac, G.L., and S.E. Jacobs. 1998. Evaluation of Spawning Ground Surveys for Indexing the Abundance of Adult Winter Steelhead in Oregon Coastal Basins. Annual Progress Report , Oregon Department of Fish and Wildlife, Portland, OR

Larsen, D.P., T.M. Kincaid, S.E. Jacobs and N.S. Urqhart 2001.  Designs for evaluating local and regional scale trends.  BioScience 51:1049-1058
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