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a. Abstract 
The goal of this project is to identify the mechanisms of juvenile fall chinook stranding in the Hanford Reach to provide hydro managers with tools for minimizing the losses of fry due to hydro operations.  Both field and laboratory investigations will be used to determine the roles of ramping rates, diel periodicity, physical habitat, and fish behavior in the susceptibility of fish to stranding.  Detailed bathymetric information for the entire 51-mile Hanford Reach will be used in conjunction with a 2-dimensional hydrodynamic model and a statistical model to make a priori predictions of the likelihood of stranding and mortality based on different hydro operation scenarios.

b. Technical and/or scientific background
The Hanford Reach of the Columbia River is the best remaining example of an intact ecosystem in the Columbia Basin.  For this reason, the Hanford Reach National Monument was established in 2000 to protect this section of the Columbia River and the surrounding lands.  The free-flowing river channel is the last remaining vestige of what the Columbia River once was, and is characterized by a continuum of vast riffles, pools, eddies, and braided islands that support a diversity in aquatic habitat and associated communities that is rare anywhere else in the system.  As such is supports one of the healthiest populations of fall chinook salmon in the basin (Huntington et al. 1996).  Escapement of spawning adults has ranged from approximately 20,000 to 90,000 over the last 35 years (Dauble and Watson 1997).  Trends in escapement are currently increasing.  Juvenile production is approximately 20-30 million individuals annually (WDFW unpublished data).  Fall chinook salmon naturally produced in the Hanford Reach contribute significantly to ocean and in-river tribal fisheries (Dauble and Watson 1997).  The Hanford Reach is characterized by 17 terrestrial and six riparian intact plant communities (MCRSS  2001), and is home for 258 bird species, 39 mammal species (Geist 1995), 16 reptile and amphibian species 1,536 insect species in 16 orders (MCRSS 2001).  Aquatic insects, which are a critical link in the ecosystem and support the healthy fall chinook population as well as the native resident fish community, include 145 taxa (MCRSS 2001).    

Although development of the hydrosystem has not eliminated the free-flowing Hanford Reach and its unconstrained alluvial floodplain, it has altered the timing and magnitude of the hydrograph both seasonally, and on an hourly basis.  Hourly regulation of the hydrosystem, which is conducted to meet electrical demand in the region (load following) results in water level fluctuations of 2-3 vertical meters in a matter of hours (MCRSS 2001).  The most pronounced effect of hydroelectric-induced water level fluctuations is the stranding and entrapment of juvenile fall chinook salmon, which rear in shallow-water habitats at the river’s margin (Key et al. 1994).  The stranding and entrapment of Hanford Reach fall chinook salmon has been recently investigated (Wagner, Nugent [project 199701400]; Tiffan et al. In Press [project 199102900]).  It was estimated that 125,695, 72,362, and 1,628,878 juvenile fall chinook salmon were killed due to stranding and entrapment in 1999, 2000, and 2001, respectively (Chris Murry, PNNL, unpublished data).  However, Project 1997014 failed to identify the precise mechanisms of how juvenile fish are stranded.  These studies only produced post-rearing season estimates of stranding mortality, qualitative assessments of the conditions associated with stranding, and estimates of the area of entrapment pools at different flows.  Other than the predictive capability offered by Tiffan et al. (In press) to estimate entrapment area produced by flow reductions, project 199701400 produced no quantitative tools that could be used to predict the number of fish that would likely be stranded or entrapment under different flow scenarios.  This resulted in flow protection programs that were based only on qualitative observations (no experimental flow manipulations were done) and post-season estimates of mortality for only a third of the Hanford Reach.  This has been used by hydro operators to liberalize fish protection programs since 1999.  Hydro and fishery managers need more than just an annual body count of dead fish, but rather a better understanding of how fish are stranded and the ability to predict effects of operations before they are implemented.


Past studies have used both field and laboratory experiments to determine the specific causes of stranding (Monk 1989; Bradford et al. 1995; Adams et al. 1999; Saltveit et al. 2001; Beck, R. W. and Associates 1989).  Bradford et al. (1995) using a laboratory stream channel, showed that juvenile coho salmon were more likely to be stranded during the day that at night during the winter because fish were more active at night.  This may be opposite of what occurs in the Hanford Reach because juvenile fall chinook salmon appear to be more active during the day (Venditti and Garland 1996).  Slower ramping rates also stranded fewer fish that faster rates (Bradford et al. 1995; Adams et al. 1999).  Building on these same concepts, this project will identify what operations are possible at Priest Rapids Dam to minimize stranding while allowing managers to balance these against the need for power generation.

The significance of the Hanford Reach in the continuation of the Upriver Bright stock may have increased since the construction of several hydropower dams in the lower Columbia River. The Columbia River from the upstream end of The Dalles reservoir to the mouth of the Snake River was an important spawning area with many riffles and gravel bars (Van Hyning 1973).  The closure of several lower Columbia River dams was associated with a concurrent increase in the number of spawners in the Hanford Reach.  Prior to the construction, in 1954-1957, the run size over McNary Dam averaged about 8,600 adult fall chinook.  This increased to about 62,000 adults per year for the three years following construction of The Dalles Dam (Dauble and Watson 1990).  Furthermore, during 10 years prior to completion of John Day Dam in 1968, the peak redd counts for 10 index sites in the Hanford Reach averaged 1,500 redds and for the 10 years following the completion of the dam, redd counts averaged 2,740, almost a two fold increase (data from Dauble and Watson 1990).  We provide these observations to show that simply because the Hanford Reach is not inundated by a federally controlled reservoir does not mean that it is disconnected from the operation of the federal hydropower system.  On the contrary, flows through the Hanford Reach are very much influenced by federal dams.  The PUD-owned dams upstream of the Hanford Reach have little storage capacity and their operations are driven by water releases from Grand Coulee Dam.  The PUD’s have limited flexibility in shaping the flows from Grand Coulee.  In addition, the pool elevation of McNary Reservoir also influences how much water can be received from Priest Rapids Dam.  Although Priest Rapids Dam has the greatest local effect on flows in the Hanford Reach, Grand Coulee and McNary dams often dictate what those effects are.

c. Rationale and significance to Regional Programs
This proposal is consistent with the emphasis on improving main stem habitat in the Councils Fish and Wildlife Program and the ESA 2002 Implementation Plan for the Federal Columbia river Power System (USBOR, USACOE, BPA 2001).   The Pacific Northwest Electric Power Planning and Conservation Act requires the Council to adopt measures to “protect, mitigate, and enhance” all fish and wildlife affected by the operation of the hydrosystem (NPPC 2000).  To meet this guidance, the Council adapted the following strategy: “Provide conditions in the hydrosystem for adult and juvenile fish that most closely approximate natural physical and biological conditions.”  The fall chinook salmon of the Hanford Reach are not listed under the Endangered Species Act.  However, in the Fish and Wildlife Program, the Council acknowledged the conditions imposed by federal agencies under the ESA, but also recognized its broader role in the “long term management of healthy stocks” (NPPC 2000).  As harvest is curtailed on ESA listed stocks, the prudent management of healthy stocks becomes even more important in meeting societal needs.

The study we propose would help achieve the goals of the subbasin as they pertain to protection and restoration of the significant resources remaining on the Hanford Reach.  The Mainstem/Systemwide Habitat Summary (MSHS 2002) identifies mortality from stranding and entrapment due to power peaking as a limiting factor to juvenile salmon, not only in the Hanford Reach, but throughout the hydro system as well.  Consequently, continued assessment of the effects of water level fluctuations on fall chinook salmon, resident fish, macroinvertebrates, and wildlife for the entire Hanford Reach is called for and stated as a need in the Habitat Summary (MSHS 2002).  The proposed project would meet this need.  In addition, in the 2000 Biological Opinion for the federal hydrosystem, RPA 155 states the need for identifying cause and effect relationships regarding mainstem habitats and to initiate improvements to mainstem habitats.  This study will provide information for the management of the hydrosystem that will aid in meeting these goals.  The proposed work will not only benefit fall chinook salmon, but also listed steelhead and spring chinook that use shoreline habitats in the Hanford Reach during their seaward migration.  The proposed work also address needs stated in the Columbia Plateau’s Mainstem Columbia River Subbasin Summary (CPMCRSS 2001).  One need is to evaluate whether the Hanford Reach functions as a normative river.  This project will identify the mechanisms fish behavior and habitat use that will enable managers to operate the river in a normative fashion, to the extent practicable, to minimize stranding-related mortality.  The subbasin summary also has as an objective the prevention of dewatering of fall chinook salmon redds and to reduce mortality of fall chinook salmon fry due to stranding.  The proposed study will identify the relative damage associated with several potential operational scenarios that could be used to select the best alternative.

Wy-Kan-Ush-Mi   Wa-Kish-WIT, the Columbia River Anadromous Fish Restoration Plan of the Nez Perce, Umatilla, Warm Springs and Yakama Tribes encourages the continued mitigation in the mid Columbia for the John Day Dam with an emphasis on hatchery production (CRITFC 1995).   The mitigation for the John Day Dam provides this proposal a federal nexus through the overall management of the hydrograph and the mitigation action. The tribes encourage release of hatchery production into natural production areas of the Hanford Reach.  While the Tribes are encouraging the release of hatchery production, it is imprudent for other regional entities to allow excessive mortality of natural production due to power peaking.

The Sustainable Fisheries Act of 1996 amended the Magnuson-Stevens Act to establish new requirements for “Essential Fish Habitat” descriptions in federal fishery management plans and to require federal agencies to consult with National Marine Fisheries Service on activities that may adversely affect The Magnuson-Stevens Act, includes the following definition for managed salmonid species:


“EFH for Pacific Coast salmon fishery means those waters and substrate necessary for salmon spawning, rearing, breeding, feeding or growth to maturity, needed to support a long-term sustainable salmon fishery and salmon contributions to a healthy ecosystem.”

Salmon in the Hanford Reach make a significant contribution to commercial Tribal, and sport fisheries of the Region.  The contribution of Hanford wild bright fall chinook salmon to adult harvest is important.  From years 1990 to 1999, about 49.8% of the adults were estimated as escapement by catch year and 14.2% were caught in the Alaska fisheries, 10.7% were caught in the Canadian fisheries, and 25.3% were caught in U. S. fisheries (PSC 2001).  Commercial and Tribal harvest of adult Upriver Bright Fall Chinook salmon entering the Columbia River increased more than ten fold during the 1980’s.  As a relatively healthy stock during the 1990’s total exploitation rates by brood year for Columbia Upriver Brights have been less than 50% during the first half of the decade for which returns are available (PSC 2001).  Mortality due to stranding by power peaking is a direct harvest, albeit one in which society trades commercial, Tribal, and sport harvest of adults for mortality of stranded fry.  
The Priest Rapids Hydroelectric Project (Project), which includes the Priest Rapids Dam and Wanapum Dam, operates under a single license (FERC No. 2114) issued by the Federal Energy Regulatory Commission (FERC).  The license was issued to Public Utility District No. 2 of Grant County (Grant PUD) on November 4, 1955 and will expire October 31, 2005.  The U.S. Fish and Wildlife Service (USFWS) is currently in consultation with Grant PUD through various technical group discussions to develop terms and conditions that will be incorporated into the new license for the Project according to our authorities outlined in the Federal Power Act (FPA), as amended.  One issue of heightened concern to the USFWS will be to address and minimize the stranding and entrapment of juvenile fall chinook salmon in the Hanford Reach of the Columbia River located immediately below the Priest Rapids Dam.   It is the hope of the USFWS (i.e. Hanford Reach National Monument) to develop and finalize a new operational program, in collaboration with Grant PUD and other interested stakeholders, that will reconcile this issue, which has languished over the course of the current license at the Project.

The Reach is one of the primary features of the Hanford Reach National Monument, designated by Presidential Proclamation 7319, June, 2000, and administered jointly by the Department of Energy and USFWS.  The Hanford Reach National Monument Federal Advisory Committee has identified the issue of stranding and entrapment of juvenile fall chinook salmon in the Reach as a primary issue needing to be addressed in the FWS Comprehensive Conservation Plan for the Monument.
Pursuant to implementing Public Law 100-605, as amended by Section 404 (Hanford Reach Preservation) of P.L. 104-333, in July, 2000, the USFWS was assigned responsibility for overseeing the interim protection of the “outstandingly remarkable” values that made the Hanford Reach of the Columbia River suitable for addition to the National Wild and Scenic Rivers System, including fall chinook salmon.  Fall chinook salmon that spawn and rear throughout the Reach are of economic and cultural importance to commercial fisheries in the North Pacific Ocean, in-river commercial and tribal fisheries, and ocean and in-river sport fisheries.  This stock is also a principal component of the international Pacific Salmon Treaty between the United States and Canada.  Streamflows in the Reach are intentionally limited during fall chinook spawning season (October-November) with the stated goal of confining spawning activity to lower river elevations that can be maintained through the winter/spring incubation and emergence time period (through mid-June).  Streamflows vary between lower, late-winter levels and higher spring freshet flows during the spring juvenile fall chinook rearing period from mid-March through mid-June.  Hydrosystem operations during this time period are usually characterized by flow fluctuations around the average daily flow in response to electrical power demand.

d. Relationships to other projects 
 This is a cooperative project between USFWS and USGS/BRD, which expands the scope of existing projects and integrates the past and present work of several agencies including the sharing of technical data, expertise, GIS-based computer resources, personnel, and equipment.  From 1991 through the present USGS/BRD conducted an evaluation of juvenile fall chinook habitat utilization (Project 199102900) in the Hanford Reach and a cooperative project with USFWS (Project 19990030) from 1999 through the present to evaluate fall chinook and chum spawning habitat below Bonneville Dam.  These are ongoing projects and both include detailed georeferenced habitat mapping surveys which have been integrated into two-dimensional hydraulic/habitat models for portions of the only two remaining free flowing sections of the Columbia River.  As part of the modeling effort in the Hanford Reach, the USACOE was subcontracted to conduct a Scanning Hydrographic Operational Airborne Lidar Survey (SHOALS) in 1998 to obtain detailed bathymetric information for a portion of the Hanford Reach.  The 17 miles in the Hanford Reach that was surveyed and modeled along with the technical expertise from both projects and agencies will collaboratively serve as a primary building block for expansion into the remaining 34 miles of the reach, which will be surveyed in the summer on 2002.  This represents a substantial cost-sharing activity and makes it possible for the proposed project to apply results to the entire 51 miles of the Hanford Reach.  In addition, other staff, office resources and biological take (ESA section 10 permit applications) are shared between the two agencies.

This project builds upon, but does not duplicate, the results produced by BPA Project 19971400 “Evaluation of juvenile fall chinook salmon stranding on the Hanford Reach.” We intend to elucidate the mechanisms of stranding that will be applicable to the entire hydrosystem and not just the Hanford Reach.  We will collaborate with WDFW personnel from Project 199701400 to refine methodologies, update existing stranding criteria, and to coordinate field activities on stranding.  Collaboration with WDFW’s activities will enable a spatially explicit and quantified assessment of diel water fluctuations for the entire 51 miles of the Hanford Reach.  Integration and cooperation will facilitate sound hydrosystem recommendations that minimize and quantify detrimental effects from the hydrosystem.

PNNL is currently under a BPA contract to develop a Spawning Habitat Model for Snake River and Hanford Reach Fall Chinook (Project 199406900). This work includes GIS mapping and modeling of the Hanford Reach for fall chinook salmon redd distribution relative to the hyporheic flow.  Areas of cooperation will include sharing of geospatial and attribute data for the entire Hanford study site.  Model outputs from this project will enable the PNNL to further assess fall chinook salmon spawning habitat in the same manner as it would WDFW’s stranding as mentioned above.

The USFWS has been subcontracted by BPA/ODFW (Project 19860500) to develop 1-dimensional steady-state flow model for white sturgeon in the Hanford Reach.  The habitat assessment portion of this project includes relating discharges at Priest Rapids Dam to spawning and rearing habitat for 122 cross sections throughout 45 miles of the study site.  This sturgeon project would benefit from the availabilty of a quantitave 2-dimensional velocity/habitat model that will be developed by the proposed project.

e. Project history (for ongoing projects) 

New Project, although the proposed concepts and work will build upon the habitat assessment work of Project 199102900 and the stranding work of Project 199701400.

f. Proposal objectives, tasks and methods
Objective 1.  Determine the roles of ramping rates and fish behavior and response as mechanisms of stranding due to water level fluctuations.

Task 1.a.  Conduct controlled field experiments to define the criteria that strand juvenile fish. 

In 1998, a Lidar survey was conducted for the middle 17 miles of the Hanford Reach to obtain detailed bathymetry.  The remaining 34 miles of the Reach will be surveyed during the summer of 2002, which represents a substantial cost share for this project.  The upper one third of the Hanford Reach will be investigated for areas that have high potential for stranding fish based on physical characteristics identified as important from Project 199701400.  This upper third of the Reach experiences the greatest effects of flow fluctuations based on its close proximity to the dam.  In the field, experimental flow reductions will be requested during both day and nighttime hours and at different ramping rates (0.5, 1, and 3 m/h) to evaluate the mechanisms of stranding.  Tests will only last 3-4 h and then ramped back up to minimize mortality.  Once study sites are selected, 10x10-m cells will be randomly established and their location recorded with a GPS.  Cells will be systematically searched for stranded fish.  The physical habitat (e.g., substrate, embeddedness, slope, vegetation, etc.) will be measured in each cell.   Relationships will be established between the number of stranded fish and ramping rate, physical habitat variables, and diel period using logistic regression to determine the probability of stranding fall chinook salmon.


Field experiments will also be conducted to confirm the efficiency of the search methods described above.  Following the approach of Saltveit et al.(2001), a 20x10 m net enclosure will be set up at three sites over cobble substrate and each with a different bed slope.  Selected sites will be established before the fall chinook rearing period and visited regularly to collect stage information to establish a relationship stage and discharge at each site.  This will enable us to identify exact locations for enclosures and the range of flows that can be tested at each location.  We will request flow reductions or evaluate reductions that take place as part of the normal operating schedule for Priest Rapids Dam.  500 juvenile fall chinook salmon will be collected by beach seine and stocked into each enclosure.  Fish behavior and the number of fish stranded will be recorded as flow reductions occur.  New fish will be used in each trial and five replicate tests will be conducted at each site.  The proportions of stranded and unstranded fish will be arcsine transformed and analyzed using two-way ANOVA with bed slope and diel periodicity as the main effects. 

Task 1.b.  Conduct controlled laboratory experiments to define the mechanisms that strand juvenile fish.

We will simulate field conditions in a controlled laboratory environment to identify how fish respond to water level reductions under varied physical habitat conditions and ramping rates.  In the first year, a 7x3 m tank with a depth of 1 m (similar to that used by Bradford et al. 1995) will be used to test the diel response of fish to varying water reduction rates over a fixed bed slope and large cobble substrate size.  The Flows in the tank will be less than 30 cm/s and will be typical of those in near-shore areas.  Three water reduction rates will be tested (0.5 m, 1 m, and 3 m/h) under both day and nighttime conditions.  Wild fry will be collected in the Hanford Reach and used in experiments.  20 fish will be used per trial and each trial will be replicated four times.  In each trial, fish will be introduced to the test tank and allowed to acclimate for 24 h.  Water levels will then be reduced via valves at one end of the tank.  Fish behavior will be recorded with overhead video cameras and cameras oriented at windows in the sides of the tank.  At the end of each test, fish will be netted from the tank, and those unaccounted for will be searched for in the substrate.  This will provide the proportion of fish stranded in each treatment.  Data will be arcsine transformed and analyzed using multifactor ANOVA with diel periodicity and ramping rate as the main effects (Bradford et al 1995; Adams et al. 1999).  Other variables such as slope and substrate size and embeddedness will be varied and tested in outyears. 

Task 1.c.  Document fish behavior that contributes to stranding.


One hypothesis pertaining to stranding is that fish may be more susceptible to stranding during the night than during the day based on diel behavior patterns.  Current, but limited, information suggests that fish become torpid during the night and rest on the bottom where as during the day they actively occupy the upper third of the water column (USGS unpublished data; Nugent et al. 2002).  Both day and nighttime fish behavior will be monitored in areas with high potential for stranding using underwater video cameras.  Underwater video has previously been used to document fish behavior in the Hanford Reach by Venditti and Garland (1996).  Areas with physical characteristics that are likely to strand fish during flow reductions will be selected that have high fish abundances, which will be confirmed by beach seining.  Both fixed and mobile search methods will be employed to document swimming behavior, vertical position in the water column, orientation, and associations with substrate and vegetation.  Observations will be recorded in 2-h blocks and effort will be expended to collect at least 100 distinct observations of fish during both day and nighttime hours.  Infrared lights will be used at night to provide illumination.  For analysis, images of the water column will be divided into four equal horizontal layers.  The frequency of occurrence of fish in each layer will be obtained from video records.  We will use Chi-square analyses to test both day and night fish distributions against a random distribution (Zar 1984).  Day and night distributions will be compared using the Kolomogorov-Smirnov Test (Zar 1984).

Objective 2.  Develop a tool to predict losses of subyearling fall chinook salmon in the Hanford Reach due to stranding and entrapment caused by flow fluctuations at Priest Rapids Dam.

Task 2.a.  Use an individual-based model to determine the proportion of the population at risk of stranding . 


An individual-based model (DeAngelis and Gross 1992; Jager et al. 1993; DeAngelis and Petersen 2001) will be used to incorporate the findings from Objective 1 to simulate the risk of stranding from different levels of physical habitat, behavior, and flow reduction rates at the individual level.  This will enable us to determine the proportion of the population that is at risk of stranding, and will make estimates of predicted losses more realistic.  This tool will also be useful at predicting the likelihood of stranding elsewhere in the basin where little information currently exists, such as in the Hells Canyon Reach of the Snake River, which supports a listed population of fall chinook salmon. 

Task 2.b.  Identify areas with high probabilities for stranding fish and estimate losses in the those areas for the entire Hanford Reach. 

The USGS, working under project 199102900, collected bathymetric and substrate information for a 17-mile section of the Hanford Reach.  In addition, they used a 2-D hydrodynamic model to estimate water velocities for this section from 50-400 kcfs in 10-kcfs increments.  This allowed them to estimate the amount of rearing habitat and entrapment areas that were present under different flow conditions (see Tiffan et al. In press).  The USFWS is currently obtaining bathymetry and substrate information for the remaining unsurveyed 34 miles of the Hanford Reach.  In addition, they will be simulating water depths, velocities, and shorelines for the same flows mentioned above using a 2-D hydrodynamic model to complete a habitat model for the Hanford Reach.

The logistic regression equation developed /validated in Task 1.a will be updated with any existing information from WDFW’s stranding work.  This and the outputs from the individual-based model will be run in an ArcInfo AML (Arc Macro Language) to produce GIS coverages of the probability of stranding.  The ArcInfo macro will use the results of the habitat model to calculate and weigh the significance of each habitat metric and combine them to provide a coverage of stranding probability at every 4x4-m cell within the study site.  Analysis will be conducted to predict reach-wide losses of fall chinook salmon fry under a wide range of hydro operations at Priest Rapids Dam.  The overall goal is to provide guidelines to the hydro operators that minimize stranding.  Products will include temporal recommendations for diel operations, ramping rates, and the flows and flow reduction magnitudes that pose the greatest risk to fish.

Task 2.c.  Build interactive Web-based application to host results of analysis with a GIS framework

We will build and continually update a web page to host the peer-reviewed results of our analysis is a quantitative framework.  The web page will allow fish and wildlife managers to query results of the standing evaluation and to run different scenarios to estimate losses that would result from different Priest Rapids Dam operations.  Output will include GIS-based maps as well as tables for overall loss estimates. 

g. Facilities and equipment
The Columbia River Research Laboratory (CRRL) has about 70 year-round fisheries professionals, 7 administrative staff, and regularly employs over 60 seasonal biologists and technicians.  The CRRL has a fleet of over 30 boats ranging in size from 14 to 30’, and has been conducting field studies on the Columbia River since 1980.  All boats are equipped with appropriate safety equipment and operators are trained through the Department of Interior Boat Operators Certification Program.  Most boats are equipped with state-of-the-art navigational instruments and Global Positioning System receivers.  Habitat studies have been conducted on white sturgeon, juvenile fall chinook salmon, lamprey, northern pikeminnow, and other fishes.  Field studies often use radio telemetry, hydroacoustics, side-scan sonar, acoustic Doppler current profilers (ADCP), and other state-of-the-art methods.  Wet laboratories are equipped with well water and water from the Little White Salmon River.  Boilers provide heated water when needed.  The Laboratory has systems for observing fish behavior and conducting feeding experiments, and facilities for investigating the physiology of fishes.  Offices are equipped with modern personal computers, an in-house network, a GIS laboratory, and software for statistical modeling, and spatial analyses.
The USFWS Columbia River Fisheries Resource Office boasts similar capabilities having the necessary boats, vehicles, capital equipment, and personnel to accomplish the project objectives.  No major equipment or facility needs are anticipated.  The USFWS is equipped with high-speed computers and state-of-the-art GIS computer systems and the appropriate software for GIS-based hydraulic modeling.  In addition, the USFWS has ADCPs, RTK GPS units, surveying equipment, and underwater video equipment.
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                                      GIS analysis

James Petersen USGS

Investigator – Responsible for individual-based modeling tasks

James Hatten USGS

Analyst – Responsible for GIS support and analysis

Key personnel:

Kenneth F. Tiffan 
Principal Investigator

U.S. Geological Survey

Research Fishery Biologist

Education:

M.S. Fishery Biology, 1992, Colorado State University, Fort Collins

B.S. Fishery Biology, 1987, Colorado State University, Fort Collins

Employment:

1992 to Present—Research Fishery Biologist for the U.S. Geological Survey 

Expertise:
Life history of fall chinook salmon in the Snake and Columbia rivers.  Expertise in radio telemetry, bioenergetics, habitat/GIS studies, predation, and  budget management.

Publications (in addition to 9 BPA annual reports):

Tiffan, K.F. D.W. Rondorf, and P.G. Wagner.  2000.  Physiological development and migratory behavior of subyearling fall chinook salmon in the Columbia River.  North American Journal of Fisheries Management 20:28-40.

Tiffan, K.F, D.W. Rondorf, R.D. Garland, and P.A. Verhey.  2000.  Identification of juvenile fall versus spring chinook salmon migrating through the lower Snake River based on body morphology.  Transactions of the American Fisheries Society 129:1389-1395.

Connor, W. P., K. F. Tiffan, and several coauthors.  2001.  Early Life History Attributes and Run Composition and of Wild Subyearling Chinook Salmon Recaptured after Migrating Downstream Past Lower Granite Dam.  Northwest Science 75:254-261.

Tiffan, K.F., R.D. Garland, and D.W. Rondorf.  In press.  Quantifying flow-dependent changes in juvenile fall chinook salmon rearing habitat using two-dimensional, spatially-explicit modeling.  North American Journal of Fisheries Management.

Garland, R.D., D.W. Rondorf, K.F. Tiffan, and L.O. Clark.  In press.  Subyearling fall chinook salmon use of shoreline riprap habitats in a reservoir of the Columbia River.  North American Journal of Fisheries Management.

Joseph J. Skalicky

Principal Investigator

U.S. Fish and Wildlife Service

Fisheries Biologist 

Education:

B.S. Zoology, Washington State University, 1994

Employment:

Mr. Skalicky is the principal investigator for the Instream Flow & GIS section within the Water Management and Evaluation Team at the Columbia River Fisheries Program Office of the U.S. Fish and Wildlife Service.  He supervises full time employees, supports administrative functions, and manages budgets for approximately $400,000 per year.  He is technically responsible for study design, oversight of data collection, and analysis including, hydraulic model production, GIS analysis, report production, proposal preparation, and technical assistance.

Expertise:
Hydraulic and habitat modeling to characterize conditions for spawning and rearing fall chinook and chum salmon; collection and analysis of velocity data using an acoustic Doppler current profilers (ADCP); expertise using electronic total stations, RTK GPS receivers, and underwater video; conduct and supervise data analysis for hydraulic and habitat modeling; budget management and report production.

James H. Petersen
U.S. Geological Survey

Research Fishery Biologist

Education:
School





Degree and Date Received
University of Oregon, Eugene

Ph.D.   Marine Ecology, 1983

University of Queensland, Australia

Rotary Fellowship, 1976

Boise State University, Boise, Idaho

B.S.     Biology, 1975

Employment:

1995-Present
Research Fishery Biologist, U.S. Geological Survey, Western Fisheries Research Center, Columbia River Research Laboratory, Cook, WA.


Current responsibilities: Project leader on research projects on various mainstem Columbia and Snake River projects concerning juvenile salmon passage, predation, reservoir drawdown, habitat modeling, and American shad.

1994
Acting Director, Columbia River Research Laboratory, USGS, Cook, WA.

1988-93
Research Fishery Biologist, Columbia River Research Laboratory, U.S. Fish and Wildlife Service.

1984-88
Associate Research Curator, Section of Fishes, Natural History Museum of Los Angeles County, Los Angeles, CA.

1983-84
Environmental Scientist, Section of Fishes, Natural History Museum of Los Angeles County.

1977-83
Graduate Teaching Assistant, University of Oregon, Eugene, OR.

Expertise:  

Predator-prey dynamics, bioenergetics, fish behavior, and application of various modeling techniques to fisheries.

Publications (most relevant):

Ward, D. L., J. H. Petersen, and J. J. Loch.  1995.  Index of predation on juvenile salmonids by northern squawfish in the lower and middle Columbia River and in the lower Snake River.  Trans. Am. Fish. Soc.  124:321-334.

Petersen, J. H., and D. L. Ward.  1999.  Development and corroboration of a bioenergetics model for northern pikeminnow feeding on juvenile salmonids in the Columbia River.  Transactions of the American Fisheries Society  128:784-801.

Petersen, J. H., and D. L. DeAngelis.  2000.  Dynamics of prey moving through a predator field: a model of migrating juvenile salmon.  Mathematical Biosciences  165:97-114.

Petersen, J. H.  2001.  Density, aggregation, and body size of northern pikeminnow preying on juvenile salmonids in a large river.  J. Fish Biol.  58:1137-1148.

Petersen, J. H., and J. K. Kitchell.  2001.  Climate regimes and water temperature changes in the Columbia River:  bioenergetic implications for predators of juvenile salmon.  Can. J. Fish. Aquat. Sci.  58:1831-1841.

DeAngelis, D. L., and J. H. Petersen.  2001.  Importance of the predator’s ecological neighbourhood in modeling predation on migrating prey.  Oikos  94:315-325

Petersen, J. H., R. A. Hinrichsen, D. M. Gadomski, D. Feil, and D. Rondorf.  In press.  American shad in the Columbia River.  Special Publication of the American Fisheries Society, Balitmore, MD.

James R. Hatten

U.S. Geological Survey

GIS Analyst

Education:

BS, Environmental Studies, 1984. Western Washington University, Bellingham, WA. Concentration: Terrestrial Ecosystem Anaysis.

MA, Rural Geography, 1996. Northern Arizona University, Flagstaff, AZ. Concentration: Analytical Techniques (GIS, remote sensing).

Employment:
GIS Coordinator: USGS, Columbia River Research Laboratory, Biological Resources 

Discipline, Cook, WA. January 2002 – present.

Senior GIS Analyst: Arizona Game and Fish Department, Nongame and Endangered

Wildlife Program, Phoenix, AZ. April 1997 – January 2002. 

GIS Coordinator: Peabody Western Coal Company, Flagstaff, AZ. May 1995 – March

1997. 

Timber/Fish/Wildlife Biologist: Hoh Indian Tribe, Forks, WA. September 1988 – August

1994.

Expertise:
GIS, spatial analysis, remote sensing, image processing, cartography, habitat suitability modeling, biogeography, cell-based modeling, watershed analysis

Publications:
Hatten, J.R. 1996. Evaluation of panchromatic imagery for riparian classification and

change detection. Master’s thesis, Northern Arizona University, Flagstaff, AZ. 105 p.

Hatten, J.R. 2000. A pattern recognition model for the Mount Graham red squirrel.

AGFD, Nongame and Endangered Wildlife Program Technical Report 160, Phoenix, AZ. 32 p.

Hatten, J.R. 2002. Cell-based fisheries habitat modeling. Chapter 3 In: The integrated

fisheries management plan for the Little Colorado River Basin. AGFD, Nongame and Endangered Wildlife Program Technical Report 146, Phoenix, AZ. 52 p.

Hatten, J.R. and L. Averill-Murray. 2002. Characterizing and mapping potential jaguar

habitat in Arizona. AGFD, Nongame and Endangered Wildlife Program Technical Report (draft), Phoenix, AZ. 

Hatten, J.R. and C. Paradzick. 2002. A multiscaled model of southwestern willow

flycatcher breeding habitat. In review, Journal of Wildlife Management.
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