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a. Abstract 
We will characterize the use of mainstem Columbia and lower Snake river habitats by juvenile Pacific lamprey (Lampetra tridentata).  This information is needed to refine current restoration strategies for rebuilding depressed lamprey populations-strategies that primarily focus on remaining tributary populations.  Our initial work will include surveys of lamprey habitat use in remaining riverine habitats of the mainstem Columbia River system, i.e., the Hanford Reach and tailwaters 5 to 10 km downstream of three hydroelectric projects in the Columbia and Snake rivers.  The product of this characterization phase will be a description of rearing areas and relative abundance of juvenile lamprey by habitat type (i.e., current status).  A landscape-based approach will then be used in the second phase of the study to identify mainstem habitats with the highest potential for restoration of lamprey populations.  Our efforts will be coordinated with on-going studies of Pacific lamprey populations in the Umatilla sub-basin and mainstem to ensure results are consistent with the overall goals of the Fish and Wildlife Program.

b. Technical and/or scientific background
Pacific lamprey (Lampetra tridentata) is the largest and most abundant lamprey species in the Snake and Columbia River system (Wydoski and Whitney 1979).  It is parasitic as an adult in the ocean, migrates into freshwater to spawn, and larvae develop in the gravel-mud substrate for several years before migrating downstream as young adults.  The current distribution of the Pacific lamprey extends to Chief Joseph and Hells Canyon dams, in the mainstem Columbia and Snake rivers, respectively.  A widespread decline in numbers of Pacific lamprey has occurred since the 1960s or the period where most dam construction occurred in the lower Snake and Columbia Rivers.  This decline has been attributed to several causes, including habitat loss, water pollution, ocean conditions, and dam passage (Close et al., 1995).

Pacific lamprey are highly regarded culturally and religiously by Native American tribes.  Former lamprey abundance provided both tribal and non-Indian fishing opportunities throughout Columbia River Basin tributaries.  For example, significant lamprey collection at Willamette Falls for fish food processing in 1913 was documented at 27 tons (CRITFC 1999).  Commercial fishermen in the 1940's harvested 40 to 185 tons annually (100,000 to 500,000 adults) at Willamette Falls for use as vitamin oil, protein food for livestock, poultry, and fish meal.

Although adult lamprey counting at mainstem Columbia and Snake River dams is not standardized, population trends indicate precipitous declines (Table 1). Based on 1997 fish ladder passage estimates, there was a 65% drop in Pacific lamprey abundance between Bonneville (Columbia River km 235) and The Dalles (Columbia River km 308) dams, with another large drop (72%) between John Day (Columbia River km 347) and McNary Dam (Columbia River km 470) counts.  Passage over upriver dams in the Snake and Columbia rivers in 1997 was low.  Only 3% of the Pacific lamprey that crossed Bonneville Dam were counted at Lower Granite Dam (Snake River km 173) and approximately 6% crossed Wells Dam (Columbia River km 830).
Table 1. Comparison of Historic and Recent Passage Counts of Adult Pacific Lamprey at Columbia and Snake River Dams (from CRITFC 1999)

	Dam
	Former Counts
	1997 Counts

	Bonneville
	350,000 in early 60's
	22,830

	The Dalles
	300,000 in early 60's
	14,835

	John Day
	----
	14,845

	McNary
	25,000 in early 60's
	4,213

	Ice Harbor
	50,000 in early 60's
	1,454

	Lower Monumental
	----
	217

	Little Goose
	----
	245

	Lower Granite
	----
	1,274

	Rock Island
	----
	2,321

	Rocky Reach
	17,500 twice in 60's
	1,405

	Wells
	----
	773


Current knowledge of habitat use of juvenile Pacific lamprey is mainly limited to tributaries of the Columbia and Snake rivers (Kan 1975; CRITFC 1999).  To date, studies of the use of mainstem habitats have been limited to adult and juvenile migration behavior and dam passage effects (e.g., Starke and Dalen 1995, Moursund et al. 1999, 2000).  One reason for the paucity of data on juvenile habitat use is that few comprehensive fishery surveys have been conducted with the mainstem Columbia and Snake rivers.  The use of electroshocking gear has been limited to collection of salmonids and predator species with little attention spent towards relative abundance of the native resident fish population.

There are a few known documented accounts of juvenile lamprey habitat use in mainstem reaches since the period of hydroelectric development (i.e., 1910 to 1968).  These observations occurred when water surface elevations were rapidly lowered via manipulation of base flows by hydroelectric dams.  For example, investigators documented several hundred juvenile lamprey emerged from the gravel near river km 566 and approximately 40 near river km 555 during a low flow test involving the Hanford Reach in early April 1976 (Page 1976).  The arrival of ammocoetes in the collection system of Little Goose Dam suggests that some rearing (and possibly spawning) of lamprey in the tailraces of mainstem Snake River dams (BPA et al. 1994).  This premise was substantiated by the report of Dauble and Geist (1992) that several juvenile lamprey were exposed during the test drawdown of Little Goose and Lower Granite dams in March 1992.  Recently, investigators observed juvenile lamprey in a gravel bar downstream of Wanapum Dam (Geoff McMichael, PNNL, personal communication, April 2002).  Two common features of mainstem habitats where juvenile lamprey are known to rear include a low gradient shoreline and gravel/sand substrate.

Habitat requirements of Pacific lamprey share several common features with salmonids.  Both spawn in areas of relatively high velocity, are nest-builders, and eggs develop in the substrate.  One importance difference is that juvenile salmon emerge from redds soon after they hatch and rear along the shoreline until they migrate to the ocean during the first or second year of life.  In contrast, larval lamprey or ammocoetes burrow into the substrate downstream of the nest after hatching, where they remain and develop for up to 6 years (Scott and Crossman 1973).  At transformation, typically at stage 6 or as “young adults,” they move out of their burrow and begin their migration downstream to the Pacific Ocean.  While substrate composition of salmon and lamprey redds are different, adequate intergravel flow (a characteristic of alluvial habitats) is important for the survival of both taxa during their early life history development period.  Thus, lamprey would benefit if additional mainstem riverine habitat were created for fall chinook salmon via manipulation of the current hydropower system.

Wide alluvial floodplains, once common in the Columbia and Snake rivers, are largely eliminated and fragmented because of extensive hydroelectric development.  Remaining mainstem riverine habitats are restricted to the Hanford Reach of the Columbia River, Hells Canyon in the Snake River, and short sections ~2-5 km downstream of hydroelectric dams (Battelle and USGS 2000).  This change suggests that one factor leading to the decline of Pacific lamprey is loss of mainstem riverine habitats for spawning and/or juvenile rearing.  The focus of this proposal is to characterize and quantify selected mainstem habitats of juvenile lamprey and to use this information to identify options for restoration of lamprey populations consistent with geomorphic characteristics of the Columbia and Snake rivers.
c. Rationale and significance to Regional Programs
This proposal addresses Goal 4 of the All-H strategy “providing adequate conditions for unlisted fish…”.  Recovery of depressed Pacific lamprey populations will also help achieve Goal 3 “Assure tribal fishing rights …”  The proposed project will provide information needed to achieve the objectives of provincial subbasin plans and will build upon previous investments the Council has made in the Fish and Wildlife Program, including characterization of mainstem riverine habitats, critical habitat identification, and development of restoration strategies for anadromous fish populations that spawn and rear in mainstem habitats.

The Future Needs document for the Mainstem/System-wide Fish Wildlife Program Solicitation identified this project as priority 1 =needs immediate implementation.  The proposed project would provide information in support of NMFS 155.  Specifically, it would assist in development of improvement plans for mainstem reaches where juvenile Pacific lamprey spawn and rear.  Restoration of alluvial habitats is one component of a functional riverine ecosystem and would benefit the entire aquatic community.

In section 7 'Cumulative Effects' presented in the National Marine Fisheries Service's Biological Opinion (NMFS 2000), section 7.3 'Tribal Actions' states:

1.
Halt the decline of salmon, lamprey, and sturgeon populations above Bonneville Dam within 7 years.

2.
Increase lamprey and sturgeon to naturally sustaining levels within 25 years in a manner that supports Tribal harvests.

Other than the Tribes, no entity has stated specific lamprey restoration goals in fisheries management plans.  The Wy-Kan-Ush-Mi-Wa-Kish-Wit states the following goals: 1) within 7 years, obtain the information necessary to manage and restore Pacific lamprey and 2) within 25 years, increase lamprey populations to naturally sustainable levels that also support tribal harvest opportunities.  The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) is currently using the Umatilla River Basin as a pilot project to test lamprey restoration techniques with the ultimate goal of reestablishing self sustaining natural producing populations which also provide for tribal fishing opportunities at traditional locations within the subbasin.

The subbasin summary document for the Columbia Plateau Province states the need for studies to assess the relative importance of mainstem habitats for juvenile Pacific lamprey.  Goal 1 identifies a desire for anadromous salmonids and lamprey populations “protect, enhance, and restore…to viable levels…” A specific objective is to estimate the amount of Pacific lamprey spawning and rearing that occurs in the Hanford Reach and tailraces of mainstem dams by 2006.

It should be noted that this project was previously proposed under the Columbia Plateau process for FY2002 funding as Project ID 25201and received a ISRP recommendation of “Fundable” and a CBFWA recommendation of “High Priority”.  We have subsequently updated this proposal to reflect comments received during this earlier review and to be consistent with the mainstem and system-wide province call.

d. Relationships to other projects 
In 1994, the Northwest Power Planning Council approved the first lamprey project in the Fish and Wildlife Program.  The project, proposed by the CTUIR, called for research and restoration of Pacific lamprey throughout tribal ceded lands.  In 1995, an initial product (Status Report of the Pacific Lamprey in the Columbia River Basin) was completed.  Since that time, the CTUIR has continued the lamprey project with efforts directed at mainstem abundance monitoring, development of genetic baseline information, basic homing behavior, presence/absence sampling, and restoration planning for northeastern Oregon tributaries.

Since the initiation of the CTUIR lamprey research and restoration project, a Columbia Basin Pacific lamprey technical work group has been formed to discuss current issues and findings, coordinate ongoing project efforts, and define future project needs.  The technical work group prepared a document for the Northwest Power Planning Council “Columbia River Lamprey Program Summary (Draft February 22, 2002) that identified all ongoing (currently funded) and proposed projects.  This project was identified as addressing the following two critical uncertainties and needs: juvenile life histories-habitat requirements and refine restoration objectives for the basin.  In addition, it would accomplish a specific objective “Sample mainstem riverine habitats to determine larval distribution and relative importance to tributary populations.” (Table 6).  The principal investigator and lead field investigator have been active participants in the lamprey work group since 1998.  This proposal was developed as an outgrowth of the work group process.

e. Project history (for ongoing projects) 

n/a- new project

f. Proposal objectives, tasks and methods
There is an absence of information regarding use of mainstem habitats by juvenile Pacific lamprey.  Thus, the overall objective of this project is to assess the use of main-stem riverine habitats by juvenile Pacific lamprey and use this information to refine restoration strategies within the Columbia River basin.

Initial habitat surveys will occur in the Hanford Reach, an 80-km section of the Columbia River bounded by McNary pool and Priest Rapids Dam.  This area was selected because we have access to an extensive data base on nearshore habitat features and the high volume of high-potential spawning and rearing habitat.  Following this effort, tail-water areas or the free-flowing sections just downstream of four mainstem hydroelectric projects will be surveyed.  Activities will emphasize the tailrace environment downstream of Wanapum Dam on the Columbia River and Lower Granite and Little Goose dams on the lower Snake River.  These areas were selected because tailrace habitats appear suitable for early life history stages, they have proximity to known tributary-use areas, and/or there exist anecdotal records of juvenile presence.  The final phase of this proposed project will involve a comprehensive evaluation of juvenile lamprey habitat use in main-stem habitats, including an assessment of restoration opportunities.

Year 1- Characterization of Hanford Reach Habitats- The objective of the first year’s activities will be to identify habitat use areas for juvenile lamprey.  There is a plethora of physical habitat data available from studies of fall chinook salmon in the Hanford Reach (e.g., Geist and Dauble 1998; Mueller and Geist 1999; Geist et al 1999; Geist 2000; Nugent et al. 2001).  Existing aerial photographs, bathymetry, shoreline slope, and substrate characteristics will be used to segregate habitat types into those areas with high, medium, and low potential for use by juvenile Pacific lamprey.  For example, the need for permeable substrate with intra-gravel flow is an essential requirement for rearing given the long larval development period.  Other habitat types with lower potential e.g., large cobble or armored substrate, will also be categorized and randomly sampled less frequently.  Efforts during the initial phase of this study will focus on documenting use area rather than screening all available habitats.  Near-shore habitats will be surveyed during two intervals for the first year of the study: March-April or prior to the spring discharge peak, and September-October or during low fall flows.  We will establish shoreline transects in locations with highest potential for burrowing lamprey to be found and sample these areas weekly using backpack and boat operated electroshocker.  All locations will be mapped using GPS and reference photographs taken. Physical habitat features (i.e., bottom type or substrate, shoreline configuration, bank slope, water velocity, presence/absence of vegetation, vegetation type, and water depth) will be measured and documented at each sample station.  Water surface elevation (pool level) will be obtained from dam operation records and discharges estimated using a stage/discharge model (Geist et al 2000).

The Advanced backpack II shocker (ABP-2) will be the principal method used to sample larvae.  Settings on the ABP-2 will be 3 pulses per second at 25% duty cycle to remove larvae from substrate, then 30 pulses per second at 25% duty cycle to stun and capture.  A constant burst pulse train of 3:1 will be applied at 125 volts.  Catch per unit effort will be given as shocking time and shoreline distance sampled.  Deeper areas (>3 ft) will be sampled by using a boat electroshocker set up for deep-water sampling.  These methodologies have been shown to be effective for collecting juvenile Pacific lamprey from substrate burrows in tributary streams (D. Close, CTUIR, personal communication).  All captured lamprey will be collected and placed in aerated, water-filled holding tanks for examination.  Numbers, life stage, and size of all fish will be recorded and fish released at the capture site.  We will use an Analysis of Variance (ANOVA) technique to assess relationships between physical habitat features and relative abundance of juvenile lamprey.  Primary factors of interest in the analyses include habitat type or area and sampling interval.  The product of this effort will be a description of all rearing areas and relative abundance of juvenile lamprey by habitat type in the Hanford Reach. 

Year 2- Identification of Tailrace Habitats- A similar sampling and characterization approach will be employed for the second year of the study.  We have previously developed physical habitat descriptions of the tailrace environment downstream of the four lower Snake River dams (Dauble et al. 1999), including substrate size, velocity, depth, and channel slope.  Additional descriptions of physical habitat for the Columbia River basin are available from Battelle and USGS (2000).  These “data layers” will be used to delineate habitat types downstream of the hydroelectric projects.  The habitat maps will be refined prior to sampling based on results of year 1 studies.

Habitat surveys will emphasize a ~5-10 km section downstream of each hydroelectric project (i.e., Lower Granite, Little Goose, and Wanapum dams).  Based on our experience, these areas should have the highest potential for use because of velocity and substrate characteristics present.  Limited sampling will be conducted in upper reservoir habitats, again based on results of Hanford Reach surveys.  Periods of low project discharge will be emphasized.  Where juvenile lamprey are found, we will characterize the physical habitat (i.e., project discharge or water surface elevation, channel slope, substrate composition, water velocity, and depth) and record biological data (fish length and development state).  The product of this effort will be a description of all rearing areas and relative abundance of juvenile lamprey by habitat type in each of the four tailrace areas.

Year 3- Landscape-level Classification of Habitat Use- The objective of the third year will be to document current mainstem habitats for juvenile lamprey and to identify areas with the highest potential for restoration, should operational scenarios for mainstem hydroelectric projects (e.g., reservoir drawdown or dam removal) be changed.  We will use the information collected on habitat use in the Hanford Reach and tailrace areas to define other river segments with highest potential for lamprey spawning and rearing.  We have previously used this general approach to rank the importance of mainstem habitat features to fall chinook salmon at both the site-level (1-10 m) and channel/reach-level (10-1,000 m).  We will use channel plan form, longitudinal gradient, geologic features, and discharge for the entire study area already digitized and available as GIS map sets.  Our geomorphic approach will also identify historical reaches where juvenile lamprey habitats likely occurred in addition to the current distribution.  All data will be incorporated into a habitat model for each river reach sampled.  The product will be a geo-referenced summary of all known (i.e., historical and current) mainstem habitats for juvenile Pacific lamprey and a description of locations with the highest potential for restoration.

Our proposed gear and methods will be designed to minimize or eliminate take of listed species that may be present in the study areas.  We expect that small numbers of juvenile and adult steelhead and spring chinook salmon may be present during proposed sample intervals.  For example, juvenile salmon and steelhead migrate downstream mainly in April and May and adult migrants will be present during the summer and early fall.  However, with the exception of 0-age fall chinook salmon and steelhead, use of near-shore habitats by most migrating salmonids will be limited (Dauble et al. 1989).  Proposed electroshocking methods and collection intervals will be approved by NMFS and WDFW before implementation.  Our technical staff are trained in the safe capture and release of fish from gear types employed in these studies.  All collected salmonids and resident fish species will be identified and released as soon as possible after capture.

g. Facilities and equipment
We have the following equipment available for use on this project at no cost to BPA:

· Deep –Sea underwater camera with tow cable

· Portable, manual winch w/ 14 channel slip-ring assembly

· Video recording system

· Video monitors, and overlay boards

· Real Time Global Positioning System

· Research jet/prop boats

· Echo sounder

· Flow meters

· Personal computers

· GIS work station

· Minnow traps/hoop nets

· Backpack electroshocker

· Boat electroshocker
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Dennis D. Dauble

Principal Investigator 

FTE, FY03 - 0.05

EDUCATION
B.S., Fisheries, Oregon State University, 1972

M.S., Biology, Washington State University, 1978

Ph.D., Fisheries, Oregon State University, 1988

EMPLOYER AND EXPERIENCE

Dr. Dauble has been a staff member at Battelle’s, Pacific Northwest National Laboratory since 1973.  He is currently the Director for the Natural Resource Division.  Dr. Dauble regularly interacts with state and federal regulatory and management agencies in issues relating to regional impacts of power plants, hydroelectric facilities, and other energy-development activities on anadromous and resident fishes.

Dr. Dauble has considerable expertise in activities related to impacts from hydropower generation and flow regulation on mainstem habitats.  For example, he served on regional committees and directed studies to evaluate potential impacts of drawdown and other operational scenarios on resident and anadromous fish.  He assisted the Snake River Recovery team on the passage and survival of ESA-listed salmon stocks and was involved in salmonid enhancement efforts in the Yakima River Basin.  He also led a multidisciplinary study for the NW Power Planning Council that identified options for restoration of mainstem riverine habitats for fall chinook salmon.  Recently, he was project manager for studies that evaluated the effects of turbine passage and bypass screens on juvenile Pacific lamprey.

Dr. Dauble is a member of the American Fisheries Society, the Ecological Society of America, the Northwest Scientific Association, the Pacific Fishery Biologists, and is a Fellow in the American Institute of Fishery Research Biologists. He is also an adjunct professor at Washington State, Oregon State, and Central Washington State universities.

SELECTED PUBLICATIONS

Dauble, D.D. and D.R. Geist.  2000. Comparison of mainstem spawning habitats for two populations of fall chinook salmon in the Columbia River basin.  Regulated Rivers.  16:345-361.

Moursund, R.A. and D.D. Dauble.  1999. Effects of John Day Dam bypass screens and project operations on the behavior and survival of Pacific lamprey.  Prepared for the U.S. Army Corps of Engineers.  Portland District, Portland, Oregon.

Dauble, D.D., R.L. Johnson, and A. Garcia.  1999. Fall chinook salmon spawning in the tailraces of lower Snake River hydroelectric projects.  Transactions of the. American. Fisheries Society.  128:672-679.
Dauble, D.D. and D.G. Watson.  1997.  Status of fall chinook salmon populations in the mid-Columbia River, 1948-1992.  North American Journal of Fisheries Management 17:283-300.

Dauble, D. D., and R. H. Gray.  1980.  Comparison of a Small Seine and a Backpack Electroshocker to Evaluate Nearshore Fish Populations in Rivers.  Progressive. Fish Culturist 42:93-95.
PROJECT RESPONSIBILITIES

Dr. Dauble responsibilities will involve project management and oversight, including advise and participation with other staff on experimental design, implementation of field work, and data analysis and reporting.

Robert P. Mueller, PNNL

Lead Field Investigator

FTE, FY03 - 0.25

EDUCATION


B.S., Aquatic Biology, St. Cloud State University, St Cloud, MN 1987

EMPLOYER AND EXPERIENCE

Mr. Mueller has been a staff member within the Ecology Group at Pacific Northwest National Laboratory since 1992.  He is currently a senior Science and Engineering Associate for the Ecology Group.  His has expertise in conducting juvenile fish passage evaluations on anadromous pacific salmonids, conducting macroinvertebrate bioassessments, fish behavior studies, and adult salmonid passage and habitat assessments.  He is responsible for designing, testing, and monitoring field and lab experiments to support various research projects throughout the Yakima and Columbia River Basin.  His research capabilities include; adult and juvenile fish passage investigations, water quality assessments, habitat mapping and characterization, fish behavior studies, and benthic macroinvertebrate investigations.
Mr. Mueller has led several field investigations, including habitat characterization studies in the Hanford Reach and lower Snake River.  For example, he was the lead investigator to determine locations and habitat characterization of fall chinook spawning throughout the lower Snake River using underwater video techniques. On-going studies include; conducting deep water video surveys below Bonneville Dam, the Hanford Reach, and downstream of Wanapum Dam, to locate and map adult fall chinook and chum salmon spawning habitat.  Mr. Mueller has studied the behavior of juvenile Pacific lamprey at hydroelectric projects and in the laboratory for the past 3 years.  He currently leads a field study to determine the effects of intake screen at hydroelectric projects on the behavior and impingement rates of migrating juvenile Pacific lamprey using underwater video and PIT tags.

SELECTED PUBLICATIONS

Moursund, R.A. R.P. Mueller, T.M. Degerman, and D.D. Dauble. 2000. Effects of Dam Passage on Juvenile Lamprey.  Prepared for U.S. Army Corps of Engineers, Portland District, Portland OR.

Mueller R.P. and D. R. Geist. 1998.  Evaluation of Fall Chinook Salmon Spawning Adjacent to the In-Situ Redox Manipulation Treatability Test Site, Hanford Nuclear Reservation, Washington. Prepared for the U.S. Department of Energy under Contract DE-AC06-76RLO 1830.

Mueller R. P. and D. R. Geist. 1999.  Steelhead Spawning Surveys Near Locke Island, Hanford Reach of the Columbia River. Prepared for the U.S. Department of Energy under Contract DE-AC06-76RLO 1830.

Mueller, R.P. and M.L. Blanton.  1997. Fort Irwin National Training Center Aquatic Resources Survey. Prepared for the Department of Public Works, U.S. Army Fort Irwin, CA.
Mueller, R.P., C.S. Abernethy, and D.A. Neitzel. 1995.  A Fisheries Evaluation of the Dryden Fish Screening Facility.  U.S. Department of Energy, Bonneville Power Administration, Portland, OR.

PROJECT RESPONSIBILITIES

Mr. Mueller’s responsibilities will involve direction  of field activities and data acquisition.  He will also be responsible for data analysis and reporting. 

Timothy P. Hanrahan, PNNL

Principal Investigator-Habitat Analysis

FTE, FY03 - 0, Mr. Hanrahan's hours are proposed for FY04.
EDUCATION

B.S., General Sciences, University of Wisconsin, Madison, WI 1989

M.S., Natural Resource Science, Washington State University, Pullman, WA 1993

EMPLOYER AND EXPERIENCE 

Mr. Hanrahan has worked at Pacific Northwest National Laboratory since 1994.  His professional interests and research focus on large river processes, particularly fluvial geomorphology and associated interactions with aquatic organisms and their habitats. His current and recent research includes assessing aquatic habitat effects resulting from fluctuating large river flow regimes and hydroelectric dam modifications. Through this research, other projects, and training he has developed a strong background in methods for assessing flow/geomorphology relationships, assessment and modeling of aquatic habitats, and evaluation of groundwater/surface water interactions.  Specific project experience related to this proposal includes:

• Assessment of Anadromous Salmonid Spawning Habitat in the Upper Columbia River: Chief Joseph Dam to Grand Coulee Dam.

• Assessment of channel morphology, salmonid habitat, and riverine processes in the Lower Snake River,.

• Sediment Permeability of Fall Chinook Salmon Spawning Habitat in the upper Snake River and Hells Canyon Reach, 

• Assessment of the Impacts of Development and Operation of the Columbia River Hydroelectric System on Mainstem Riverine Processes and Salmon Habitats, Co-principal investigator.

• Evaluation of Fall Chinook and Chum Salmon Habitat Near Ives Island Below Bonneville Dam

SELECTED PUBLICATIONS

Hanrahan, T. P., D. R. Geist, E. V. Arntzen, and G. A. McMichael, 2000.  Sediment permeability of historic fall chinook salmon spawning habitat: Upper Snake River, Idaho.  Final Report to the Idaho Power Co.
Hanrahan, T. P., D. A. Neitzel, D. R. Geist, and D. D. Dauble, 1999.  Assessment of restoring predam channel morphology, salmonid habitats, and riverine processes through drawdown: Lower Snake River.  Part 1, Appendix H, Lower Snake River Juvenile Migration Feasibility Study Draft EIS.  U. S. Army Corps of Engineers, Walla Walla District, Walla Walla, 

Geist, D. R., T. P. Hanrahan, E. V. Arntzen, Z. K. Bevens.  1999.  Assessment of hyporheic discharge within fall chinook salmon spawning habitat in the Hells Canyon Reach of the Snake River.  Final report to the Idaho Power Co.  55 pp

Hanrahan, T. P., D. A. Neitzel, M. C. Richmond, and K. A. Hoover.  1998.  Assessment of drawdown from a geomorphic perspective using geographic information systems: Lower Snake River, Washington.  Final report submitted to U.S. Army Corps of Engineers, Walla Walla District.

PROJECT RESPONSIBILITIES
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