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a. Abstract 
The goal of this project is to describe the response of premigrant fall chinook salmon to water level-induced changes in their rearing habitat in terms of their habitat use, movement behavior, and survival.  This project seeks to understand the functional response of fish to changes in their habitat and habitat-related mechanisms of survival.  We will accomplish this with mark-recapture methods to quantify fish movements and survival, and novel remote observation techniques to observe fish movement behavior in rearing areas.  Fine-scale habitat assessments will be made at different flows to relate flow changes to physical habitat changes and corresponding behavioral response of rearing fall chinook salmon.  Potential management applications from this project might involve operational changes at mainstem dams to maximize the survival of fish in rearing habitats.  Additionally, results will be beneficial to planning future mainstem habitat restoration projects.

b. Technical and/or scientific background
The primary question that this project addresses is, “Do changes in juvenile fall chinook salmon rearing habitat caused by water level fluctuations influence fish survival?”  This is identified as a limiting factor and a need in the mainstem Columbia River subbasin summary for the Columbia Plateau Province.  The impetus for this projects stems from the fact that survival probabilities of wild Hanford Reach fall chinook salmon to McNary Dam ranged from 0.32 to 0.48 in 2000 (USGS, unpublished data).  It is plausible that a portion of the mortality incurred by these fish is related to changes in rearing habitats caused by water level changes due to hydroelectric generation at Priest Rapids Dam.  If so, then hydro managers can take actions minimize negative impacts through operational changes.  

Recent efforts to estimate survival of juvenile fall chinook salmon have focused on reaches encompassing both unimpounded rearing habitats and reservoirs (Connor et al. 2000; Smith et al. 1997).  Since these survival estimates include both rearing and migration components, it is unknown how much mortality is incurred by premigrant fish in rearing habitats.  Both the quantity and quality of rearing habitats may affect the survival of juvenile fall chinook salmon.  The relationship between habitat and survival needs to be defined to take actions to increase the survival of premigrant fish and to plan restoration efforts for mainstem habitats.

One factor that directly affects the survival of fish in rearing habitats is power peaking-induced water level fluctuations, which did not occur under the historic, natural hydrograph.  Rapidly dropping flows in the Hanford Reach caused by power generation at Priest Rapids Dam can strand and entrap fish resulting in high mortality (Wagner et al. 1999; Nugent et al. 2001).  An indirect effect of these water level fluctuations on fish survival is the potential displacement of fish from rearing habitats.  Downstream fish movement associated with increasing flows is well documented (Healey 1980; Kjelson et al. 1981; Irvine 1986; Healey 1991).  However, it is unknown whether such movement can occur in response to daily changes in discharge, such as under power peaking operations.  Mortality may increase during such events if fish movement occurs during a time when predators are feeding or if energetic costs are increased during the search for new suitable habitat.  Ultimately, fish may be displaced from the Hanford Reach into McNary Reservoir where rearing habitat may be of lower quality.  It is currently unknown whether there is differential survival of premigrant fish rearing in unimpounded river reaches versus reservoir habitats.  

Another indirect effect of water level fluctuation is a change in the amount of available rearing habitat.  The proposed project will quantify changes in “local” rearing habitats, which is fundamentally different from the large-scale flow-habitat assessment made by Project 199102900 (Tiffan et al. 2001).  The latter project examined large-scale changes in rearing habitat as a function of river flow.  The scale of measurement for this assessment was too coarse to allow a fine-scale analysis of changes in localized habitats and the response of fish to these changes.  The proposed project will build upon the work of Tiffan et al.(2001) to collect not only information on habitat changes, but will also document the associated changes in fish behavior.

c. Rationale and significance to Regional Programs
The NMFS 2000 Biological Opinion Action 155 states, “BPA, working with BOR, the Corps, EPA, and USGS, shall develop a program to 1) identify mainstem habitat sampling reaches, survey conditions, describe cause-and-effect relationships, and identify research needs; 2) develop improvement plans for all mainstem reaches; and 3) initiate improvements in three mainstem reaches.”  For future mainstem habitat restoration efforts to be successful, it is necessary to understand how fish function in habitats to determine if potential restoration efforts would be beneficial and promote high survival.  This project seeks to determine the relationship between survival, habitat changes, and habitat connectivity.  

The NWPPC 2000 Fish and Wildife Plan has as a strategy, “Manage the hydrosystem so that patterns of flow more closely approximate the natural hydrographic patterns, and assure any changes in water management are premised upon, and proportionate to, fish and wildlife benefits.”  One of the fundamental differences between the natural and current power peaking hydrographs is the magnitude of daily water level fluctuations.  This project seeks to understand how the mechanisms of an altered hydrograph affect juvenile fall chinook salmon rearing habitat and production potential.  This will be critical to planning future mainstem habitat restoration efforts that will require information on how much habitat fish require, how habitat connectivity may influence survival, and how flow management can improve habitat.

The mainstem Columbia River subbasin summary cites water level fluctuations as a limiting factor for juvenile fall chinook salmon in the Hanford Reach.  Some of the negative impacts include displacement of fish out of rearing habitats, increased predation, increased bioenergetic costs, and decreased survival.  The subbasin summary also states the following “needs”:  Evaluate the relationship and relative importance of habitat patches and identify locations of critical habitat that supports all life history stages; and estimate growth potential and survival of juvenile fall chinook salmon in the Hanford Reach and through McNary and John Day reservoirs.  This project explores the potential for water level fluctuations to limit the survival of juvenile fall chinook salmon and whether these fluctuations displace fish from rearing habitats.  It meets the need of examining the importance of habitat patches and connectivity because understanding the movement and survival within and between habitats will determine the habitat configurations that are most beneficial for juvenile fall chinook salmon.  This project will also estimate the survival of fish in rearing areas, a task that has not been accomplished previously with fall chinook salmon.  To do this we will a novel approach—fyke nets fitted with 18” PIT-tag detector rings—to allow us to recapture PIT-tagged fish at multiple sites within rearing areas.  This will then allow us to analyze detection data and use existing models to estimate survival.

d. Relationships to other projects 
 This project will complement the survival estimation and habitat work of project 199102900 for Snake River fall chinook salmon.  Project 199102900 (Fall chinook life history and survival) has compared the early life history attributes of fall chinook salmon in both the Hanford and Hells Canyon reaches.  The proposed project will elucidate habitat-related mechanisms of survival that will aid in interpreting the survival estimates for both Snake River and Hanford Reach fall chinook salmon.  Project 199102900 is also proposing similar habitat survival work in Hells Canyon.  The proposed project will complement that work and will allow comparisons to be made between the behavior and survival of fish in Hells Canyon where rearing habitats is patchy and limited to that of fish in the Hanford Reach where near-shore habitats are more contiguous.


This project is also directly related, and will be useful to, the stranding susceptibility model that Project 199701400 (Hanford Reach stranding evaluation) is working on for the Hanford Reach.  This model will determine the factors that make juvenile fall chinook salmon vulnerable to stranding and entrapment in the Hanford Reach.  The proposed project will describe the movement of fish in response to water level fluctuations that could potentially strand or entrap them, which relates directly to their susceptibility.

e. Project history (for ongoing projects) 

Although this is a new project, much of the foundational work for this project was completed under project 199102900 (Life history of fall chinook).  We are separating the proposed work from project 199102900 to focus reach-specific issues such as habitat and survival.  We have done survival work in the past, but will now move beyond this to explore the mechanisms of survival, in particular, to explore the effects of habitat and habitat changes on fall chinook survival and fish use of rearing habitats.

f. Proposal objectives, tasks and methods
The ultimate goal of this project is to increase our understanding of how juvenile fall chinook salmon use near-shore rearing habitats and how changes in the habitat affect fish survival so that future habitat restoration efforts can be planned appropriately.

Objective 1.  Determine the effects of power peaking-induced water level fluctuations on juvenile fall chinook salmon rearing habitat and its use in the Hanford Reach.

Task 1.1:  Quantify the rate, direction, and magnitude of fish movement in near-shore habitat in response to fluctuating and stable water levels.

Study sites will be selected in the Hanford Reach that are known to be important rearing areas for juvenile fall chinook salmon, and will incorporate a variety of physical habitats.  This task will rely primarily on mark-recapture methods and direct observation.  A minimum of 5,000 fish less than 60 mm will have one of their lateral fins marked with dye using a needleless inoculator (Hart and Pitcher 1969).  This marking technique is rapid, works well on small fish, is temporary, and results in negligible mortality (see review in Thedinga and Johnson 1995).  Fish will be marked in one day and released the following morning in study sites under typical load-following operations at Priest Rapids Dam.  Fyke nets will be placed 500 m up and downstream of the release sites and monitored hourly for the presence of marked fish for the following 96 h.  River stage will be recorded at each site hourly to measure water level changes.  In addition, surrounding areas will be seined periodically to document fish dispersal from the study site.  At the end of 96 h, study sites will be intensively beach seined to collect any remaining fish.

In addition to fyke nets, an acoustic camera will be used to monitor fish movements in response to water level fluctuations.  An acoustic camera produces near-video quality images, can image in zero visibility water, and has the capability of measuring the distance and size of the object imaged (Belcher et al. 1999).  The maximum imaging range is 12 m when operated at a frequency of 1.8 Mhz.  In this mode, resolution ranges from 2.2 to 18 mm.  Images can be recorded by a topside VCR or saved as electronic data files for subsequent analyses.  Periodic beach seining will be conducted to confirm that imaged fish are fall chinook salmon.

Data analysis:  We will test the null hypothesis that fish movement rates, direction, and magnitude are independent of changing water levels.  We will request periods of stable flows from Priest Rapids Dam to compare the above parameters under stable and varying flows.  Mean movement rates will be calculated by pooling data from each treatment condition and will be compared using ANOVA.

Task 1.2:  Determine the residence time of juvenile fall chinook salmon in local rearing habitats.


Analyze the results from Task 1.1 to determine the proportion of marked fish that remain in the study areas under both stable and varying water levels and calculate a median residence time.  Determine if residence time is related to fish size, available habitat and its quality (Task 1.3), and discharge.  Compare recapture frequency distributions between study sites with differing habitats using the Kolomogorov-Smirnov test.

Task 1.3:  Quantify the changes in local, physical rearing habitats that occur in response to water level fluctuations.

Conduct detailed assessments of the rearing habitat at study sites.  Use the habitat assessment approach described by Tiffan et al. (2001; In review).  In brief, use existing detailed bathymetry collected under project 199102900 to characterize the topography of each study site.  Use this data to conduct high-resolution two-dimensional hydrodynamic modeling (Ghanem et al.1996) to estimate water velocities, depths, and shorelines at each study site over a range of discharges.  Use the predictive habitat model described by Tiffan et al. (2001; In review) to determine the amount of suitable rearing area, and how that amount changes, at different water levels.  Use correlation analysis to determine if fish movement rates, direction, and magnitude are related to water level-induced changes in available rearing habitat.  We will test the null hypothesis that fish movement rates do not depend on changes in available rearing habitat.

Objective 2.  Estimate the survival of wild juvenile fall chinook salmon in rearing areas of the Hanford Reach and McNary Reservoir.

Task 2.1:  Determine the feasibility of recapturing PIT-tagged fish at multiple locations in near-shore rearing habitats.

Fish larger than 60 mm (N=3,000) will be PIT-tagged and released as described in Task 1.1 at one study site in 2002.  This sample size is based on releases made by USGS in 2000 to estimate survival from the Hanford Reach to McNary Dam.  High sample sizes are necessary to obtain adequate detections at McNary Dam when spill occurs. We will test the feasibility of detecting PIT-tagged fish with trap-less fyke nets fitted with experimental flow-through PIT-tag detector rings.  Rings will be 18” in diameter and will allow higher water velocities to be maintained in the fyke nets than would be possible with nets fitted with traps.  The National Marine Fisheries Service has built 36” diameter PIT-tag detector rings that they use on the end of trawls in the Columbia River estuary.  Three fyke nets will be set up at 300-m intervals downstream of the release site.  Nets will be fished for a minimum of three weeks.  After this time, the shorelines within the study area will be intensively beach seined to recapture any remaining tagged fish. We will test the efficiency of the fyke nets to capture fish using both acoustic and conventional underwater light cameras to determine the number of fish (regardless of origin) that pass through the net and the number that pass outside of the net.  Releases of 500 unmarked fish will be made directly above each net and the number of fish passing through and outside of the net will be estimated from continuous 24-h videotape records from the acoustic camera.

A critical uncertainty associated with this task will be the effectiveness of the fyke nets to efficiently capture fish, and the logistics of fishing the nets continuously for a long period of time.  A variety of net configurations may have to be tested.  Results from Task 1.1 will aid in selecting the best net configuration and placement.
Task 2.2:  Determine if survival is related to habitat quality. 


Recapture data from PIT-tagged fish and detection probabilities from Task 2.1 will be used to estimate the survival of juvenile fall chinook salmon in rearing areas using the Survival Under Proportional Hazards (SURPH) model (Smith et al. 1994).  This will be done for only study site in 2002 as part of the feasibility evaluation of Task 2.1.  If the above methods are feasible, we will choose different study sites in out years to estimate survival in rearing habitats with different qualities (e.g., unimpounded Hanford Reach and McNary Reservoir).  Habitat quality will be assessed using the habitat assessment approach described by Tiffan et al. (2001; In review).

g. Facilities and equipment
The USGS’s Columbia River Research Laboratory is equipped with all of the resources necessary to carry out this project.  Each person employed by this project has computer and the necessary software to complete data reduction, storage, and complex statistical analyses.  In addition, we have a state-of-the-art GIS computer system and software at the lab.  Our wet lab has been used for years to conduct experiments to meet project objectives.  It is supplied with well water, an aeration system to provide air to each holding tank, complete photoperiod and temperature control, and we have a full-time wet lab supervisor who oversees and maintains the facility.  As for field activities, this project has all the boats, vehicles, and capital equipment necessary to collect data for field-related tasks.  At the present time, USGS is purchasing one of two acoustic cameras that will be available in the Columbia River basin, which will save substantial costs for the proposed project.  The only major equipment that will be needed is underwater PIT-tag detector rings.
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