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a. Abstract 


Assuming that reservoir drawdown and dam breaching are “off the table”, action agencies currently have limited options for managing growth and survival of juvenile salmonids in mainstem rivers.  We propose to develop methods to test management options in the mainstem reservoirs of the Columbia Plateau Province by characterizing nearshore habitats and aquatic community structure.  We will stress mechanisms, and will examine in particular how both habitat and trophic interactions regulate fish survival.  Nearshore habitat models capable of predicting the presence or abundance of juvenile fall chinook salmon and predators will be used to evaluate smaller scale habitat improvements that managers may implement.   To evaluate whole reservoir manipulations, we will examine aquatic community structure, including elements such as interactions among predators, juvenile salmonids, zooplankton, and invasive species like American shad and milfoil.  Past and current conditions will be assessed with innovative methods, including stable isotope ratios and paleoecology, to establish baseline conditions for measuring responses of future actions in a fluctuating environment.  Habitat assessments will use state-of-the-art techniques where appropriate, such as LIDAR, side-scan sonar, and remote sensing.   Management experiments will be identified during the first 2 years of the project through research studies, meetings with managers and other researchers, and modeling exercises.  The long-term goal is to identify actions in mainstem rivers that will improve the growth, survival, and condition of endangered salmonids.

b. Technical and/or scientific background
The Columbia Plateau Province includes ~286 km of reservoir in the mainstem Columbia River (Wanapum to The Dalles dams), and ~75 km of free-flowing habitat in the Hanford Reach.  John Day Reservoir alone is ~123 km in length and is the largest reservoir in the system.  Seven of 12 threatened or endangered species of salmonids must transit this part of the mainstem on their way to the ocean, and numerous studies have demonstrated the importance of these reaches as rearing habitat (Tiffan et al. 2001) and for predation-related mortality (e.g., Rieman et al. 1991; Tabor et al. 1993; Petersen 1994; Ward et al. 1995).  Direct survival of yearling salmonid migrants from the lower Snake River to Bonneville Dam has varied from <3% during the drought years of 1973 and 1977, to roughly 60% during years with good flow conditions (Williams et al. unpublished MS; cited in NMFS 2001).  Survival of summer migrants through this reach may be comparatively low during summer months when water temperature is high, flows are low, and turbidity is low (NMFS 2001; B. Muir, NMFS, unpublished data).  Several studies have shown that improving the survival rate of salmonid stocks during their freshwater passage, by even a few percentage points, can result in large increases in the population growth rate ( and potential recovery (Bradford 1995; Emlen 1995; NMFS 2000).  Egg-to-smolt survival is also recognized in the Biological Opinion as a critical life history stage (e.g., section 9.6.5).

The options for actively managing growth and survival of juvenile salmonids in reservoirs include drawdowns, dam removals, flow augmentation, predator removal, and a few other alternatives.  Recent studies have examined drawdown of John Day Reservoir and removal of the four lower Snake River dams (USACOE 1999, 2000), however, results of these studies, the Northwest energy crisis, and national politics appear to give these management options lower priority for the near future.  In this proposal, we consider major drawdowns and dam removals to be, at least for the time being, “off the table” in the Columbia Plateau Province, and not likely management alternatives for the action agencies.  We instead propose to examine two fundamentally different management options that are less well-studied, but which could potentially offer significant benefits to migrating juvenile salmonids through either direct or indirect mechanisms.  These two options are: 1) modification or improvement of nearshore habitat through such measures as water level management within normal system operations, removal of rip-rap, and other actions, or, 2) modification of the reservoir community itself, particularly management of invasive species.  Although these are quite different options, we think there are some approaches for estimating their potential benefit to salmonids, and other resident fishes.

A recent review by a distinguished Science Review Panel, convened by NMFS (Recovery Science Review Panel, December 4-6, 2000 meeting summary) recommended that mechanistic studies at small scales are needed to understand and predict fish responses to change, rather than large-scale studies that can miss important processes (see also Rose 2000).  The Panel also conclude that “The roles of non-indigenous species should neither be ignored or underestimated”, and the region should “examine the possible consequences of shad-salmon interactions in detail”.  Rather than proposing a grand inventory of habitat in the reaches of the Columbia and Snake rivers, in this proposal we will follow the recommendations of the Panel and approach the needs identified in the Biological Opinion using the more mechanistic approach.  We believe this mechanistic approach should include modest habitat inventories and an understanding of the associated aquatic communities to develop predictive tools for a subset of habitats.  

Reservoir habitat and information needs for management

RPA Action 155 indicates the program should identify mainstem habitat sampling reaches and describe cause-and-effect relationships.  Without the cause-and-effect relationships, predictions of future outcomes will not be able to be made using a habitat inventory alone.  Managers will certainly want to know the likely outcomes of any management actions prior to making mainstem habitat improvements aimed at benefiting salmonids.   Pajak (2000) reviewed approaches to ecosystem management and identified a broad suite of components necessary to reach sustainability in the environment.   Those components included diversity, productivity, nutrient cycling, and disturbances such as environmental perturbations.  Similarly, in a recent review Rose (2000) tried to elucidate why quantitative relationships between environmental quality (i.e., abiotic habitat variables) and fish populations are so elusive.  Biological realism may be sacrificed when broad spatial scale predictions are needed, and too little attention is paid to community-level interactions (Rose 2000).  To address these issues we will carefully scale habitat assessments to support developing quantitative relationships and include an appropriate analysis of the aquatic community in each habitat. 

Available mainstem habitat inventory has been addressed in several synthesis reports prepared on the mainstem Snake and Columbia rivers.  Habitat data sets supported the Environmental Impact Statement for Lower Snake River Juvenile Salmon Migration Feasibility Study where four alternatives to operating the Federal Power System were considered  (U.S. Army Corps of Engineers 1999; Petersen et al. 2000).  Similarly, data sets on historical conditions in the Snake River supported the Fish and Wildlife Coordination Act Report on the four alternatives (USFWS 1998).  In addition, historical and current data on habitat in reach inundated by the John Day Reservoir has been collected to support Salmon Recovery through John Day Reservoir (Sheer 1999; Barfoot et al. 2000; USACOE 2000).  In a recent review of the mainstem riverine processes and salmon habitats we summarized the habitat data available to describe potential responses in spawning and rearing habitat of fall Chinook salmon for several restoration scenarios of the John Day Reservoir drawdown (Dauble et al.  2000).  We are concerned that developing exhaustive inventories of mainstem habitat will be so costly as to preclude the description of cause-and-effect relationships between habitat and salmonids.  Therefore, in order to avoid costly and extensive habitat inventorying, we have reduced the scale to address the need.

Numerous approaches have been used to assess aquatic habitat and communities to provide information to managers.  Several widely applied approaches include the instream flow incremental methodology and the habitat evaluation procedures developed by the U.S. Fish and Wildlife Service (USFWS 1980; Bovee 1982).  Some of the metrics include the Habitat Suitability Index, (HSI), the Qualitative Habitat Evaluation Index  (QHEI), and the Index of Biotic Integrity (IBI) (Karr 1981; Stauffer and Goldstein 1997).   Some of the most applicable information for our need to understand mainstem habitats comes from studies done to validate predictions made using the indices referenced above.  Validation of the indices was not always successful, often because the index did not capture sufficient information to predict fish community or biomass (Stauffer and Goldstein 1997).  However, data collected to conduct the validation sometimes supported predictive uses through regression or other models when the index was inadequate.  For example, Hubert and Rahel (1989) found few of the habitat variables that have been used in habitat suitability index models were correlated with the biomass of four fishes in high-plains streams, but abundances were related to habitat features analyzed with multiple-regression.  We have developed a two variable logistic regression model to predict (78 % accurate) the presence of juvenile fall Chinook salmon in mainstem nearshore habitats (Tiffan et al. 2001; Tiffan et al. In review).  Further development of similar models should enable us to predict fish community response to management aimed at enhancing mainstem habitats for salmonids.

Trophic structure in Columbia Plateau reservoirs


Fall chinook salmon have two distinct phases during their early life history in freshwater—a near-shore rearing phase (38-80 mm) and an off-shore migratory phase (80-170 mm).  During the nearshore phase, fry and parr rear in mainstem habitats with low velocities and lateral slopes (Tiffan et al. 2001).  During this time, fish feed primarily on aquatic-derived insects in free-flowing reaches such as the Hanford Reach (USGS unpublished data; Becker 1973; Dauble et al. 1980).  Because juvenile fall chinook salmon rear in main-stem habitats, they are susceptible to changes in their habitat caused by hydropower operations.  When fall chinook salmon begin seaward migration, they leave near-shore habitats and use off-shore habitats, which commonly overlaps with that of juvenile American shad in August (Kofoot et al. 1994).  During the off-shore migratory phase, fall chinook salmon consume zooplankters (Rondorf et al. 1990) and shad may act as competitors for zooplankton food resources or prey for fall chinook salmon (see below).

The aquatic communities of the Columbia and Snake river have changed dramatically since pre-European times, due largely to habitat changes caused by impoundment and increased abundance of invasive species.  Of the fish species reported in the Columbia River between Wanapum and The Dalles dams, 30 species are native and 21 species are exotic (Ward et al. 2001).   Invasive (or exotic) fishes include a wide variety of taxa, such as channel catfish, smallmouth bass, walleye, yellow perch, crappie, carp, and American shad.  The direct effects of these invasive species on salmonid growth and survival is largely unknown, except for some data on the role of predators like smallmouth bass and walleye (e.g., Rieman et al. 1991; Tabor et al. 1993).   Wild fall chinook salmon were especially vulnerable to smallmouth bass predators at the lower end of the Hanford Reach (Tabor et al. 1993), and perhaps elsewhere in reservoir environments (Poe et al. 1991; Zimmerman 1999).  Walleye may consume a large number of salmonid prey, but the population size of this predator is relatively low so it is generally thought to be less important than smallmouth bass or northern pikeminnow.  Channel catfish can also be effective predators on juvenile salmonids (Poe et al. 1991), but their overall importance is unknown since population estimates have not been made for this species. Aside from direct effects that exotic species may have on salmonids, community changes caused by impoundment or invasion can have indirect effects on trophic levels both above and below juvenile salmonids (examples below).  

Invasive plant and invertebrate species have also become common or abundant in several reservoirs, and their influence is largely unknown.  Backwater studies conducted in the John Day Reservoir during the 1970s and early 1980s (Zimmerman and Rasmussen 1981; Parente and Smith 1980) did not note the presence of water milfoil Myriophyllum spp., although it is now well established in many shallow-water areas of the Columbia River.   Barfoot et al. (2000) observed a significant shift in the composition of the nearshore fish community over a 10-year period (1984-1995), possibly related to reservoir aging and increased abundance of milfoil.

American shad Alosa sappidisima have become very abundant in the lower Columbia River during the last 60 years, with 2-3 million adults passing Bonneville Dam per year during the last decade (Figure 1).  Adult shad migrate into the Columbia River during May through July and adults spawn soon after migration.  A large proportion of adults appear to enter John Day and McNary reservoirs for spawning.  Incubation of eggs is 3-8 days and juvenile shad rear in the mainstem Columbia and Snake rivers during July through late fall, when they migrate to the ocean.   In John Day Reservoir, American shad are the predominant species in larval fish surveys during July (Gadomski and Barfoot 1998), and juvenile shad dominate seine hauls and hydroacoustic surveys in late summer (Gilbreath et al. 2000; USGS unpublished data).
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Figure  1.  Counts of adult American shad passing Bonneville Dam and completion dates for mainstem dams (().

Juvenile American shad may be supplementing the diet and increasing the growth rates of predators in the system, thus having an indirect effect on juvenile salmonids.    Past and ongoing studies indicate that over 80% of the diet of northern pikeminnow in late summer and fall may be juvenile American shad (Petersen et al. 1994; J. H. Petersen, unpublished data).  Juvenile shad were not present in great numbers prior to the construction of dams, and shad are likely replacing crayfish and sculpins in the diet during fall.  Bioenergetic simulations of northern pikeminnow growth rates suggest that replacing even 20% of the diet in the fall period with juvenile American shad may be causing quite substantial increases in fall growth rates and predator size going into the winter period (Figure 2).  Water temperatures during late summer and fall are optimal for northern pikeminnow growth and the predators may be doing much of their growth during this period (Petersen and Ward 1999).  Enhanced growth in the fall, stimulated by optimum temperature and shad in the diet, may cause the predators to be larger and contain higher stores of lipids as they enter the winter period.  These larger predators would likely have a higher overwinter survival rate and be in a better condition the following spring.   [These studies are being conducted under BPA Project 199007800, and results will be complete in 2002].
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Figure  2.  Predicted mass of an 10-year old northern pikeminnow whose diet varies during late summer and fall.  Increasing proportions of juvenile American shad (0-40%) in the diet are shown, replacing such prey as crustaceans, mollusks, and insects.  The horizontal dashed line is the expected size of the predator at the end of the period based on a typical diet with no shad, and age-length measurements.  Predictions were made with a bioenergetics model (Petersen and Ward 1999).

Invasive clupeids, such as American shad in the Columbia River, have been shown to cause dramatic effects at several trophic levels in other large aquatic systems, with the addition of alewife Alosa pseudoharengus into Lake Michigan being perhaps the best example.  Alewife flourished in Lake Michigan during the 1950s and 1960s following the collapse of the lake trout population, the dominant piscivore in the system (Hatch et al. 1981).  As a consequence of intense interactions with abundant alewife, nearly one-half of the 20 or so native fish species that fed heavily on zooplankton during some stage of their life history were displaced (Crowder 1980).  Top predators became abundant in the system following control of sea lampreys Petromyzon marinus and introduction of a new predator, Pacific salmon, into Lake Michigan.  Lake trout growth rate varies among nearshore and offshore areas in Lake Michigan, probably related to prey availability, including alewife and bloater (Madenjian et al. 1998).  Collapse of the lake trout population followed by increased abundance of the herbivorous alewife in Lake Michigan also caused dramatic changes in the zooplankton community, including shifts in species composition and changes in zooplankton morphology (Kitchell and Carpenter 1987).


The zooplankton community in McNary and John Day reservoirs is dominated by copepods and cladocerans, which are utilized by juvenile fall chinook salmon and other planktivores (Rondorf et al. 1990; Gilbreath et al. 2000; Haskell et al. 2001).  The mean abundance of all major zooplankton taxa sampled in 1994-96 was higher in John Day Reservoir than in McNary Reservoir.  The abundance of Daphnia spp. declined in late August concurrent with an increase in juvenile American shad and Bosmina longirostris abundance was low in August but increased in the fall.   Copepods were numerically the most abundant zooplanktor in the diets juvenile American shad in September, but Bosmina longirostris was the most important cladoceran (USGS, unpublished data).  Haskell et al. (2001) also found that zooplankton abundance was positively related to temperature and negatively correlated with flow.  The estuarine mysid, Neomysis mercedis, is also present in McNary and John Day reservoirs.  While its relative, Mysis relicta, has decimated zooplankton populations in western lakes and reservoirs (Nessler and Bergersen 1991), the impact of Neomysis mercedis on zooplankton communities in Columbia River reservoirs is currently unknown.

Small American shad are occasionally eaten by fall chinook salmon (K. Tiffan, USGS, unpublished data), thus shad may provide a positive supplement to salmon in the system.   The timing of larval and some juvenile American shad migrating past McNary Dam coincides closely with wild juvenile fall chinook salmon from Hells Canyon (Figure 3), suggesting there could be competition between these groups.  The potential effects of millions of juvenile shad on the zooplankton food base suggests such competition is likely, and is could be detrimental to the salmonid migrants.
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Figure 3.  Passage index for naturally spawned PIT tagged juvenile fall chinook salmon (1992 - 2000) originated in the Hells Canyon reach at McNary dam compared to net catch of larval (and some early juvenile) American shad (1993 – 1996) from the Upper John Day reservoir.  American shad data are from D. Gadomski (USGS/CRRL, unpublished data).

A simplified food web for the Columbia River, especially the river below Priest Rapids Dam, is shown in Figure 4.  Northern pikeminnow and smallmouth bass are the most abundant and important predators in both the free-flowing and impounded reaches (e.g., Rieman et al. 1991; Tabor et al. 1993; Zimmerman 1999; Petersen et al. 2000).  These predators consume crayfish, sculpins, salmonids, American shad, and a variety of other prey types (Poe et al. 1991; Zimmerman 1999).  As mentioned above, American shad are an important energy source during late summer and fall for northern pikeminnow.  The dynamics of simple food webs such as this may be complex with several positive and negative feed-back loops (see e.g. Power et al. 1995).  Some factors that regulate the growth rates, and presumably the survival also, of juvenile fall chinook and American shad are zooplankton abundance, benthic invertebrates, temperature, and habitat patchiness.
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Figure 4.  Simplified food web in Columbia River reservoirs.  NPM = northern pikeminnow; SMB = smallmouth bass.

Strategies for selecting management directions


We recognized two general management options needing evaluation, 1) nearshore habitat change and 2) whole reservoir management actions such as control of the  invasive species,  American shad.   Specific habitat improvement projects may have a relatively small spatial scale.  For those projects, habitat models that predict presence or number of juvenile fall chinook salmon associated with specific habitats will be the appropriate predictive and evaluation tools.  Large scale, whole reservoir management manipulations such as control of invasive species or water level management aimed at improving juvenile salmon survival is more problematic.  Based on several decades of data on John Day Reservoir, we concluded that all major components of interest in the aquatic community -- predators, juvenile fall chinook and American shad, and zooplankton --moved throughout the reservoir integrating changes in their environment and expressing those in the food web.  Therefore, we selected the aquatic community structure and function, the food web, to evaluate whole reservoir management actions.


Numerous recent studies have shown how monitoring efforts and models must be matched to the appropriate scale, otherwise conclusions and predictions can be incorrect (e.g., DeRoos et al. 1991; Jenkins et al. 1999; Pascual and Levin 1999; Rose 2000).  In the Columbia River, the spatial scale of models and analysis can influence estimated predation mortality on juvenile salmonids (Petersen and DeAngelis 2000; DeAngelis and Petersen in press; Petersen, unpublished MS).  Questions need to be addressed such as: “What is the appropriate scale for monitoring species or processes?” and “What is the appropriate scale for developing and using predictive models of habitat modification?”.  

We approach scale issues for research and modeling in a hierarchical framework.  Broad, general questions can be considered with bioenergetics models, where fish act as integrators of variable prey density, water quality, competition, and predation over fairly large distances and over seasons (Hansen et al. 1993).  At the other end of spatial and temporal scales, we intend to use spatially explicit models of fish habitat or growth potential to develop understanding and predictions about the benefits of local management actions.  Spatially explicit models have been developed and used to predict how variable habitat may influence potential growth rates (e.g. Brandt and Kirsch 1993) and a variety of other measures (Jager et al. 1997; Rose 2000).

c. Rationale and significance to Regional Programs
This proposal has relationships to the following regional programs:

NMFS Biological Opinion.  

RPA Action 105:  The Action Agencies shall develop a pilot study to assess the feasibility of enhancing the function of ecological communities to reduce predation losses and increase survival in reservoirs and the estuary.  The pilot study should include a combination of hydrosystem operations, enhancement of mainstem and estuarine habitat, and directed fishery management options.  Information for the near-term studies would serve as the basis for a longer-term effort to enhance habitat and community function within the mainstem corridor.  Issues to evaluate include natural and manmade habitat alterations, reservoir level fluctuations during predator spawning seasons, sport fish management options, and sediment and nutrient transport

RPA Action 155:  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.  Results shall be reported annually.  …Studies in other river systems in the Northwest indicate that mainstem habitat improvements can result in greater population and habitat diversity, complexity, and productivity.  However, no systematic assessment of habitat modifications from dam construction has been done, nor have potential restoration sites and specific benefits to salmon and steelhead been identified. 

The proposal also supports RPA’s 141 (water temperature measures) and 190 (monitoring survival and growth of Snake River wild juvenile fall chinook).

2000 Fish & Wildlife Program

Part 3. Habitat Strategies.  

Primary strategy : Identify the current condition and biological potenial of the habitat, and then protect or restore it to the extent described in the biological objectives.  “Historically, the mainstem Columbia and Snake rivers were among the most productive spawning and rearing habitats for salmonids and provided essential resting and feeding habitat for mainstem resident and migrating fish.  Protection and restoration of mainstem habitat conditions must be a critical piece of this habitat-based program.”

· Build from strength.  “…we should expand adjacent habitats that have been historically productive or have a likelihood of sustaining healthy populations by reconnecting or improving habitat.”

Part 6.  Hydrosystem passage and operations.  

Strategy.  Provide conditions in the hydrosystem for adult and juvenile fish that most closely approximate natural physical and biological conditions.  

Section f.  Protect and expand mainstem spawning and rearing habitat.  ….”The Council … will give priority to the funding of research that more accurately measures the effect of improved inriver migration…”

Mainstem Columbia River Subbasin Summary (Ward et al. 2001)

Fish and Wildlife Needs section (some bullets are abbreviated):

· “River flow is one of the few variables that can be managed for juvenile salmonids, but much remains to be learned of its role as a limiting factor”.

· Add large woody debris, create shallow water areas, enhance alcove, slough, and side channel connections to the mains channel, establish emergent aquatic plants in shallow water areas, and stabilize reservoir water levels.

· Quantify the spatial and temporal relationships among life history driven habitat requirements for fall chinook salmon.

· Estimate the quantity and production potential of available fall chinook rearing habitat in McNary, John Day, and The Dalles reservoirs.

· Estimate growth potential and survival of juvenile fall chinook salmon in the Hanford Reach and through McNary and John Day reservoirs.

· Assess the effects of water level fluctuations on invertebrate production in the Hanford Reach.

· Identify the combined effects of elevated summer water temperature …on juvenile fall chinook salmon.

· Continue evaluation of intensive removal of predaceous northern pikeminnow.  Implement evaluation of control programs for other predators including seagulls, bass, and walleye.

· Evaluate relationships between exotic fish predator abundance and operation of the hydropower system.

· Develop an energy budget for juvenile fall chinook salmon.

· Assess American shad – salmon interactions.  …  “need to determine if American shad create deleterious conditions to juvenile salmonids through predation and competition in the rearing environment”.

· Conduct comprehensive inventories of resident fish populations in each mainstem reservoir and the Hanford Reach.

d. Relationships to other projects 
Project 199007800 - Evaluate Predator Removal: Large-scale patterns  The proposed project follows up on the influence of American shad on northern pikeminnow diet and growth.  Project 199007800 will be complete in spring, 2002.

Project 199007000, The Northern Pikeminnow Management Program.  This project should aid in evaluating some aspects of the NPMP, such as indirect effects of prey types and potential for interactions with system management.

Project 199702900.  Understanding the effects of summer flow augmentation on migratory behavior and survival of fall chinook salmon.  This project will develop protective measures for threatened fall chinook salmon originating in the Hells Canyon Reach.  

Project 198605000.  Status and habitat requirements of white sturgeon populations in the Columbia River downstream of McNary Dam.  Studies conducted on habitat and habitat models in John Day Reservoir should be complementary to white sturgeon habitat research.

Project 199406900.  Development of a conceptual spawning habitat model for fall chinook salmon.  The habitat characterization and modeling for juvenile fall chinook salmon that might rear in John Day Reservoir will be a natural complement to the spawning model study.

e. Project history (for ongoing projects) 

New project proposal.

f. Proposal objectives, tasks and methods
Overall strategy


Our overall strategy is sequential: 

1) Conduct assessments of habitat and trophic structure (Objectives 1 and 2), 

2) Establish baseline datasets against which habitat or community changes can be measured (Objectives 1 and 2), and,

3) Design and conduct field experiments (Objective 3).  

We anticipate that actual field experiments will not be started until 2004, following assessments, meetings or workshops with managers and other researchers, and a series of modeling studies that should guide experiment selection and design.

Study sites


For the first year at least, we plan to conduct studies primarily in the upper portion of John Day Reservoir.  This reach is known to be important for rearing of juvenile fall chinook salmon and water level management could affect fairly large areas of habitat in this area.  Other sites within the Columbia and Snake rivers will be considered for study sites as plans for experiments develop (see Objective 3).

Objectives, tasks and methods

Objective 1:   Assess mainstem habitat.  Characterize habitat at the appropriate scale to enable use in predictive models and experiments (Objective 3).

Rationale:  Various types of data on nearshore habitat are necessary to be able to consider management options, and to interpret results of experiments or actions.  Nearshore habitats are the most productive and the most likely to be substantially affected by management actions aimed at habitat.  Although there are various datasets available for the mainstem rivers (e.g. Dauble et al. 2000), these data are often at a scale that cannot be used in making certain decisions.  Better habitat data is also necessary to affectively model the distribution and abundance of species in the community (see Objective 3).

Task 1.1.  Collect existing bathymetry, digital elevation maps, substrate overlays, and aerial photos and place in a geographic information system (GIS).

Methods:  The CRRL, USGS has a large amount of information on the John Day Reservoir reach in a GIS system, the John Day Atlas (Decision Support System for John Day Reservoir) (M. Parsley).  Several sets of digital orthophotos,  georectified aerial photos, etc. are available for interpretation.  Habitat maps are merged with digital elevation maps of the lands surrounding the reservoir.  Survey  of bathymetry based on survey grade transects throughout the John Day Reservoir are a part of the GIS.  Predicted water velocities from a 2-dimensional hydrodynamic model at normal operating pool level and several river flows are also stored in a GIS.

 Task 1.2.  Conduct habitat surveys at the appropriate scales to meet project needs for synthesis with biological collected under Objective 2.

Methods:  Surveys will be conducted at three scales to meet the objectives of this study: reach scale (i.e., river reach or reservoir), local scale (i.e., 10-1000 m), and at the micro scale (i.e., 0.1m-10 m) for the study of individual fish response to habitat or structure.   Reach or reservoir scale nearshore habitat bathymetry surveys will be conducted with water penetrating LIDAR (light distancing and ranging radar) technology similar that used by Tiffan et al.(2001) in the Hanford Reach to survey nearshore habitat of fall Chinook salmon.  The LIDAR is deployed from an airplane and data records are geospatially referenced with an airborne kinematic global positioning system.  Lidar surveys will have a vertical accuracy of  less than + 15 cm with a grid size of less than 4 x 4 m on each node.  The local scale surveys of bathymetry and substrate will by conducted with a sidescan bathymetric sonar (resolution < 10 in range, <30 in vertical).  An alternative to sidscan depending on depth is use of a hydroacoustic multibeam survey unit.  Micro scale surveys will be conducted with survey grade total station technology with resolution on the order of < 5 cm.


Surveys will be used to stratify and classify habitats to reduce efforts and make the approach more practical than extensive habitat surveys.  This approach will make maximum use of remote sensing capabilities of the USGS.  In addition to stratifying the habitat types, we will develop measures of connectivity for rearing patches of juvenile fall Chinook salmon, the equivalent of an aquatic GAP analysis.  The stratification and GAP analysis will be conducted on the physical habitat variables collected in the surveys.

Variables will be both measured variables such as depth or elevation and derived variables such as lateral slope which includes an elevation and distance measure.  All habitat data will have meta data (data about the data) collected with it and the data will be geospatially referenced and stored in a GIS.  Point data will be converted to raster GIS files.  A raster grid will be used to create a digital elevation model (DEM) for use in subsequent analysis using the GIS. 

Task 1.3.  Describe water velocities as a habitat variable relative to river flows in upper reaches of a reservoir and in nearshore habitats.    

Methods: Water velocity is related to river flow in many habitats and river flow is one of the few variables that can be managed for juvenile salmonids.  Water velocities were one of the predictor variables Tiffan et al. (2001) found to be useful in a model to predict habitat use by juvenile fall Chinook salmon.  They used both a 2-dimensional hydrodynamic model and empirically measured water velocities in a successful strategy to build a large geospatially explicit description of water velocities in the Hanford Reach.  We will use the same capabilities in reservoir environments.  Water velocities will be measured empirically at the whole reservoir and local scales over cross-sectional transects of the reservoir using an acoustic Doppler current profiler that provides water velocity magnitude and direction at selected depth bins along the transects.   Data collected along transects will be continuously geospatially referenced using coordinates from global positioning systems. Empirically measured water velocity data will be used for validation and calibration of hydrodynamics models.   For micro scale measurement of water velocities an acoustic Doppler velocimeter will be used to provide water velocity magnitude and direction. 

Task 1.4.  Characterize water temperature as a habitat resource the aquatic community exploits and/or avoids.

Methods: Water temperature is both a valuable resource for the aquatic community and a limiting factor capable of structuring the aquatic community.  We will measure water velocity on the whole reservoir scale with remote sensing capabilities available from USGS.   Water temperatures from a one dimensional model developed by the Environmental Protection Agency will be used at the applicable scale (Yearsley 1999). On the local and micro scales water temperatures will be recorded using recording thermometers.  

Task 1.5.  Develop and validate a numerical habitat model for juvenile fall Chinook salmon and other species to predict responses to habitat management actions.

Methods: Guay et al. (2000) defined a numerical habitat model as a hydrodynamic model to predict water depth and current speed for any given flow and a biological model to predict habitat quality for fish using a water depth current speed and substrate composition.  The application was similar to the model developed using a hydrodynamic model and biological model to predict juvenile fall Chinook salmon habitat use in the Hanford Reach of the Columbia River (Tiffan et al. 2001).  Both groups, working independently successfully used logistic regression models to predict habitat quality or probability of use.  We are cautious about the application to other areas such as the reservoir environments.  Similarly, Guay et al. (2000) noted the difficulty of making predictions of fish densities on larger temporal or spatial scales.  It is those observations that lead us to believe that if applied to habitats, the outcome will be predictive.  On the other hand, whole reservoir changes are better described by changes in the community or food web (see Objective 2).

Objective 2.  Community structure.  Characterize the past and current trophic structure in mainstem reservoirs, and begin monitoring measures that will indicate major shifts in community structure.

Rationale:  Characterizing the trophic structure is necessary to know how things have changed and whether potential management might move the community toward a more natural, and productive state.   Concurrent with our description of past and present trophic structure, we will implement monitoring of selected measures that can be used to indicate or gauge future changes. We do not intend to develop complex food webs through diet analyses, but rather propose to use new and innovative methods to demonstrate the relative importance of predators, herbivores, zooplankton, and primary producers in the system.

Task 2.1.  Characterize the trophic structure of the present community using stable isotope ratios of Carbon and Nitrogen.  Comparison of the isotope ratios of C and N demonstrate the relative level at which species are feeding in the food web, and can thus be used to indicate general shifts in community trophic structure (Garman and Macko 1998; Harvey and Kitchell 2000).

Method:  Predator species, juvenile salmonids, American shad, sculpins, periphyton, and sediment will be sampled from the river during summer months.  Tissue samples will be processed according to methods in Garman and Macko (1998).  Mass spectrophotometry will be used to determine stable isotope ratios.  

Task 2.2  Characterize the trophic structure of the river community prior to construction of dams using stable isotope ratios of C and N.

Method:  A search will be conducted for museum specimens of fish and plants collected in the Columbia River prior to the construction of dams.  Very small sections (scales, muscle plugs, etc.) of archived specimens can be sampled and processed for stable isotopes as described in Task 2.1.  This approach has been verified and used on lake trout and other species in Lake Tahoe, and we have been in contact with these researchers (S. Chandra and J. Vander Zanden, University of California, Davis).  A preliminary search for museum specimens has turned up specimens collected in 1893 and archived at the Smithsonian Institution.  We anticipate that other fish collections can be found.

Task 2.3.  Conduct a pilot study using paleoecological methods to determine the historic status of zooplankton in the Columbia River.  Sediments can be used to demonstrate shifts in the abundance and size of zooplankters, which might be important to such species as fall chinook salmon and other resident fish. Historic zooplankton conditions might also serve as a baseline for future changes.  

Method:  Backwater and other areas in John Day Reservoir will be surveyed to locate depositional sites where sediment cores might be collected.  We are currently conducting surveys of the bottom sediments of John Day Reservoir in collaboration with the Geologic Division of USGS, and this research may identify sites for sampling.  This work will be complete by the end of 2001.  If depositional sites can be located, sediment cores will be collected and processed using the methods described in Kitchell and Carpenter (1987) and Kitchell and Kitchell (1980).  Fossil zooplankters and chlorophyll degradation pigments will be extracted and measured.  Cores will be aged using standard methods (Pb and Cs, e.g.).  Zooplankton and pigments will be correlated with age and times of dam construction on the river (see e.g. Leavitt et al. 1994).

Task 2.4.  Begin a monitoring program of larval and juvenile fish.  Year-class strengths for population of predators and resident species are generally established during the first year (e.g., Houde 1987).  Growth and survival rates of predators, such as northern pikeminnow, are often sensitive to relatively small changes in environmental conditions (e.g. Barfoot et al. 1999).  No program currently exists that monitors growth and year-class strength of fishes in the Columbia River.

Method:  Night-time, beach seining will be conducted to collect juvenile fish at 5 locations in the upper John Day Reservoir.  Samples will be collected weekly for June through September.  Fish will be identified and measured in the field.  Growth and mortality rates will be estimated using the approach of Barfoot et al. (1999).  Results will be correlated with temperature and, where possible, measures of adult fish abundance (NPMP catch, adult shad passage at dams, etc.).

Objective 3.  Experiments.  Field experiments will be used to test specific hypotheses following completion of several tasks in Objectives 1 and 2.  

Rationale:  Field experiments will be the ultimate test of whether habitat manipulations, water level management, modification of community structure, or other measure can improve growth rates, stage survival, or condition of migrating juvenile salmonids.   Our first task within this Objective will be to meet with managers and other researchers to consider a wide range of potential experiments, the relative pros and cons of these experiments, and how they might be evaluated. We will develop a set of models that can be applied in testing hypotheses about habitat or community structure.  These models will operate at scales appropriate to the research and management question.  Following these meetings and exercises, field experiments will be designed to test specific hypotheses.  Since we do not know which of these experiments will be conducted, we offer only some general thoughts about the types of experiments and their evaluation below.

Task 3.1.  Develop plans for conducting field experiments. 

Sub-task 3.1.1. Meet with managers, researchers, and collaborators to consider a wide variety of potential experiments.  Topics for discussion will include such things as types of experiments, potential benefits of experiments, pros and cons of different types of experiments, costs, cost-sharing opportunities, ways to evaluate experiments, etc. 

Sub-task 3.1.1. Develop and test a spatially explicit habitat model for predators, juvenile fall chinook salmon, and juvenile American shad that can be used to predict distributions, relative abundance, and conditions for growth and survival of these species.  Several model for these species are available, through our own research and others in the Basin (Petersen et al. 2000; Tiffan et al. 2001; Petersen and Rupp, unpublished MS).  

Sub-task 3.1.2. Develop a community bioenergetics model that can be used to test broad hypotheses about changes in biomass at different trophic levels, changes in predator diets, and changes in temperature.  Bioenergetic models are available for northern pikeminnow (Petersen and Ward 1999), smallmouth bass (Roell and Orth 1993), walleye (Kitchell et al. 1977), and juvenile fall chinook salmon (Rondorf et al. 1985; K. Tiffan, USGS, unpublished).  A preliminary energetics model for juvenile American shad can be based on closely related species, such as alewife (Steward and Binkowski 1986).  Energetics parameters for juvenile American shad might also be derived from the thesis of K. Limburg (personal communication).

Task 3.2.  Develop and execute specific experiments.  This task will follow results of Tasks 3.1, and thus is not specific at this time.  An example of the type of experiment that we anticipate might be possible is removal of areas of rip-rap to improve nearshore rearing habitat for juvenile fall chinook salmon.  Design questions about how much rip-rap to remove, connectivity of patches of habitat, and where to remove rip-rap need to be answered.  Evaluation of such an experiment might use innovative methods to estimate growth rates in patches, such as RNA/DNA ratios, or reach-specific methods to measure survival rates using PIT or radio-tag survival methods (Skalski et al. 1998; Counihan et al. 2000).

g. Facilities and equipment

Field and laboratory studies will be carried out by staff at the Columbia River Research Laboratory (CRRL), a field laboratory of the Western Fisheries Research Center of USGS.  The CRRL has about 50 year-round fisheries biologists, 7 administrative staff, and regularly employs over 60 seasonal biologists and technicians.  The CRRL has a fleet of boats from 14-32’, and has been conducting field studies on the Columbia River since 1983.  All boats are equipped with appropriate safety equipment and operators are trained through the Department of Interior boat operators program.  Most boats are equipped with GPS and state-of-the-art navigational instruments.  Habitat studies have been conducted on white sturgeon, juvenile fall chinook salmon, lamprey, northern pikeminnow, walleye, and smallmouth bass.  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 three sources of flowing, heated water, 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 (SAS, FORTRAN, ARCInfo, etc.).  

h. References

Reference (include web address if available online)
Submitted w/form (y/n)

Barfoot, C. B. D. M. Gadomski, and R. H. Wertheimer.  1999.  Growth and mortality of age-0 northern squawfish, Ptychocheilus oregonensis, rearing in shoreline habitats of a Columbia River reservoir.  Environ. Biol. Fish.  54:107-115.

Barfoot, C. B., T. P. Poe, and J. H. Petersen.  2000.  Attachment A.  Nearshore Fishes, John Day Reservoir Phase I Drawdown.  USGS report to the U.S. Army Corps of Engineers.  Salmon recovery through John Day Reservoir, John Day Drawdown Phase I Study.  Walla Walla, WA.

Becker, C.D. 1973.  Food and growth parameters of juvenile chinook salmon, Oncorhynchus tshawytscha, in central Columbia River.  U.S. National Marine Fisheries Service Fishery Bulletin 71:387-400.
Bovee, K.D. 1982. A guide to stream habitat analysis using the instream flow incremental methodology.  U.S. Fish and Wildlife Service, Biological Services Program, FWS/OBS-82/26.

Bradford, M. J.  1995.  Comparative review of Pacific salmon survival rates.  Can. J. Fish. Aquat. Sci.  52:1327-1338.

Brandt, S. B., and J. Kirsch.  1993.  Spatially explicit models of striped bass growth potential in Chesapeake Bay.  Trans. Am. Fish. Soc. 122:845-869.

Crowder, L. B.  1980.  Alewife, rainbow smelt and native fishes in Lake Michigan:  competition or predation?  Environ. Biol. Fish.  5:225-233.

Counihan, T. D., J. H. Petersen, N. S. Adams, R. S. Shively, and H. C. Hansel.  2000.  Feasibility of extracting survival information from radio-telemtry studies at the John Day Dam.  Report to the U.S. Army Corps of Engineers, Portland District.

Dauble, D.D., R.H. Gray, and T.L. Page.  1980.  Importance of insects and zooplankton in the diet of 0-age chinook salmon (Oncorhynchus tshawytscha) in the central Columbia River.  Northwest Science 54:253-258.
DeAngelis, D. L., and J. H. Petersen.  In press.  Importance of the predator’s ecological neighbourhood in modeling predation on migrating prey.  Oikos.

Emlen, J. M.  1995.  Population viability of the Snake River chinook salmon (Oncorhynchus tshawytshcha).  Can. J. Fish. Aquat. Sci.  52:1442-1448.

Gadomski, D. M., and C. A. Barfoot.  1998.  Diel and distributional abundance patterns of fish embryos and larvae in the lower Columbia and Deschutes rivers.  Environ. Biol. Fishes  51:352-368.

Guay, J.C., D. Boisclair, D. Rioux, M. Leclerc, M. Lapointe, and P. Legendre.  2000.  Development and validation of numerical habitat models for juveniles of Atlantic salmon (Salmo salar)  Can. J. Fish. Aquat. Sci.  57:2065-2075.

Gilbreath, L. G., D. A. Smith, and S. J. Grabowski.  2000.  Limnological investigations in John Day Reservoir including selected upper reservoir habitats, April, 1994 to September, 1995.  Report prepared for the U.S. Army Corps of Engineers, Portland, OR.  National Marine Fisheries Service, Seattle, WA.

Harvey and Kitchell

Haskell, C.A., D.W. Rondorf, and K.F. Tiffan.  2001.  Community, temporal, and spatial dynamics of zooplankton in McNary and John Day reservoirs, Columbia River.  Pages 107-133 in K.F. Tiffan, D.W. Rondorf, W.P. Connor, and H.L. Burge, editors.  Post-release attributes and survival of hatchery and natural fall chinook salmon in the Snake River.  Annual Report to the Bonneville Power Adminstration, contract DE-AI79-91BP21708, Portland, Oregon.
Hatch, R. W., P. M. Haack, and E. H. Brown.  1981.  Estimation of alewife biomass in Lake Michigan, 1967-1978.  Trans. Am. Fish. Soc.  110:575-584.

Houde, E. D. 1987.  Fish early life history dynamics and recruitment variability.  Am. Fish. Soc. Symp.  2:17-29.

Hubert, W.A., and F.J. Rahel.  1989.  Relations of physical habitat to abundance of four nongame fishes in high-plains streams:  a test of habitat suitability index models.  North American Journal of Fishes Management  9:332-340.

Jager, H. I., H. E. Cardwell, M. J. Sale, M. S. Bevelheimer, C. C. Coutant, and W. V. Winkle.  1997.  Modeling the linkages between flow management and salmon recruitment in rivers.  Ecol. Modelling  103:171.

Kitchell, J. F., D. J. Stewart, and D. Weininger.  1977.  Applications of a bioenergetics model to yellow perch (Perca flavescens) and walleye (Stizostedion vitreum vitreum).  Journal of the Fisheries Research Board of Canada  34:1922-1935.

Kitchell, J. A., and J. F. Kitchell.  1980.  Size-selective predation, light transmission and oxygen stratification: evidence from the recent sediments of manipulated lakes.  Limnol. Oceanogr.  25:389-402.

Kitchell, J. F., and S. R. Carpenter.  1987.  Piscivores, planktivores, fossils, and phorbins.  In:  Predation:  Direct and indirect impacts on aquatic communities.  W. C. Kerfoot and A. Sih, eds.  New England Press, Hanover, NH.

Kofoot, E.E., D.H. Feil, and W.S. Stastny.  1994.  Comparison of field and in situ acoustic target strengths of juvenile fall chinook salmon and American shad.  1993 Annual Report to the Bonneville Power Administration, contract DE-AI79-91BP21708, Portland, Oregon.
Leavitt, P. R., B. J. Hann, J. P. Smol, B. A. Zeeb, C. E. Christie, B. Wolfe, and H. J. Kling.  1994.  Paleolimnological analysis of whole-lake experiments: an overview of results from experimental lakes area Lake 227.  Can. J. Fish. Aquat. Sci.  51:2322-2332.

Madenjian, C.P., T. J. DeSorcie, and R. M. Stedman.  1998.  Ontogenic and spatial patterns in diet and growth of lake trout in Lake Michigan.  Trans. Am. Fish Soc.  127:236-252.

National Marine Fisheries Service (NMFS).  2000.  A standardized quantitative analysis of risks faced by salmonids in the Columbia River Basin.  Report of the Cumulative Risk Initiative, Northwest Fisheries Science Center, Seattle, Washington.

National Marine Fisheries Service (NMFS).  2001.  Biological Opinion.

Nessler, T. P., and E. P. Bergersen.  1991.  Mysids and their impacts on fisheries: an introduction to the 1988 mysid-fisheries symposium.  American Fisheries Society  Symposium No. 9:1-4.
Pajak, P.  2000.  Sustainability, ecosystem management, and indicators thinking globally and acting locally in the 21st Century.  Fisheries 25:  16-30. 

Parente, W. D., and J. G. Smith.  1981.  Columbia River backwater study.  Phase II.  Final Report by the Fisheries Assistance Office.  U. S. Fish and Wildlife Service, Vancouver, Washington.

Petersen, J. H.  1994.  Importance of spatial pattern in estimating predation on juvenile salmonids in the Columbia River.  Transactions of the American Fisheries Society  123:924-930.

Petersen, J. H., D. M. Gadomski, and T. P. Poe.  1994.  Differential predation by northern squawfish (Ptychocheilus oregonensis) on live and dead juvenile salmonids in the Bonneville Dam tailrace (Columbia River).   Canadian Journal of Fisheries and Aquatic Sciences  51:1197-1204.

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., C. A. Barfoot, S. T. Sauter, D. M. Gadomski, P. J. Connolly, and T. P. Poe.  2000.  Predicting the effects of dam breaching in the lower Snake River on predators of juvenile salmon.  Report submitted to the Army Corps of Engineers, Walla Walla District.

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

Petersen, J. H., and J. K. Kitchell.  In press.  Climate regimes and water temperature changes in the Columbia River:  bioenergetic implications for predators of juvenile salmon.  Can. J. Fish. Aquat. Sci.
Poe, T. P., H. C. Hansel, S. Vigg, D. E. Palmer, and L. A. Prendergast.  1991.  Feeding of predaceous fishes on out-migrating juvenile salmonids in John Day Reservoir, Columbia River.  Transactions of the American Fisheries Society  120:405-420.

Power, M. E., A. Sun, G. Parker, W. E. Dietrich, and J. T. Wooton.  1995.  Hydraulic food-chain models.  BioScience  45:159-167.

Rieman, B. E., R. C. Beamesderfer, S. Vigg, and T. P. Poe.  1991.  Estimated loss of juvenile salmonids to predation by northern squawfish, walleyes and smallmouth bass in John Day Reservoir, Columbia River.  Transactions of the American Fisheries Society  120:448-458.

Roell, M. J., and D. J. Orth.  1993.  Trophic basis of production of stream-dwelling smallmouth bass, rock bass, and flathead catfish in relation to invertebrate bait harvest.  Trans. Am. Fish. Soc.  122:481-491.

Rondorf, D. W., G. A. Gray, and R. B. Fairley.  1990.  Feeding ecology of subyearling chinook salmon in riverine and reservoir habitats of the Columbia River.  Trans. Am. Fish. Soc.  119:16-24.

Rondorf, D. W.,  M. S. Dutchuk, A. S. Kolok, and M. L. Gross.  1985.  Bioenergetics of juvenile salmon during the spring outmigration.  Bonneville Power Administration, Portland, Oregon.

Rose, K.A. 2000.  Why are quantitative relationships between environmental quality and fish populations so elusive.  Ecological Applications 10:  367-385.

Sheer, M.B. 1999.  An assessment of fall Chinook salmon (Oncorhynchus tschawytscha) spawnig habitat for present and pre-impoundment river conditions in a section of the John Day Reservoir, Columbia River. Masters Thesis, Oregon State University, Corvallis, Oregon.

Skalski, J. R., Smith, S. G., R. N. Iwamoto, J. G. Williams, and A. Hoffman.  1998.  Use of passive integrated transponder tags to estimate survival of migrant juvenile salmonids in the Snake and Columbia rivers.  Can. J. Fish. Aquat. Sci.  55:1484-1493.

Stauffer, J.C. and R.M. Goldstein.  1997.  Comparison of three qualitative habitat indices and their applicability to prairie streams.  North American Journal of Fisheries Management 17:348-361.

Stewart, D. J., and F. P. Binkowski.  1986.  Dynamics of consumption and food conversion by Lake Michigan alewives: an energetics-modeling synthesis.  Trans. Am. Fish. Soc.  115:643-661.

Tabor, R. A., R. S. Shively, and T. P. Poe.  1993.  Predation on juvenile salmonids by smallmouth bass and northern squawfish in the Columbia River near Richland, Washington.  North American Journal of Fisheries Management  13:831-838.

Tiffan, K.F., R.G. Garland, and D.W. Rondorf.  2001.   Modeling flow-dependent changes in juvenile fall Chinook salmon rearing habitat and entrapment areas in the Hanford Reach of the Columbia River.  Pages 61-90 in Tiffan et al. Post release attributes and survival of hatchery and natural fall Chinook salmon in the Snake River.  Annual Report 1999 by U.S. Geological Survey and U.S. Fish and Wildlife Service to Bonneville Power Administration, Portland, Oregon.

Tiffan, K.F., R.G. Garland, and D.W. Rondorf.  2001 (In review).   Modeling flow-dependent changes in juvenile fall Chinook salmon rearing habitat and entrapment areas in the Hanford Reach of the Columbia River.  Submitted to Transactions of the American fisheries Society.

U.S. Army Corps of Engineers (USACOE).  1999.  Lower Snake River juvenile salmon mitigation feasibility report / Environmental Impact Statement.  Walla Walla, WA.

U.S. Army Corps of Engineers (USACOE).  2000.  Salmon recovery through John Day Reservoir, John Day Drawdown Phase I Study.  Walla Walla, WA.

USFWS (U.S. Fish and Wildlife Service). 1998.  Fish and Wildlife Coordination Act Report for the U.S. Army Corps of Engineer’s Lower Snake River Juvenile salmon migration feasibility study.  U.S. Fish and Wildlife Service, Moses Lake, Washington. 

USFWS (U.S. Fish and Wildlife Service). 1980.  Habitat as a basis for environmental assessment, 101 ESM. Division of Ecological Services, Washington, D.C.

Ward, D. L., J. H. Petersen, 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.  Transactions of the American Fisheries Society  124:321-334.

Ward, D. L., and numerous contributors.  2001.  Draft Mainstem Columbia River Subbasin Summary.  Prepared for the Northwest Power Planning Council.  Available on the BPA website.

Wells, L.  1970.  Effects of alewife predation on zooplankton populations in Lake Michigan.  Limnol. Oceanogr.  15:556-565.

Yearsley, J.R.  1999.  Columbia River assessment simulation methods.  Environmental Protection Agency, Seattle, Washington.

Zimmerman, M. A., and L. A. Rasmussen.  1981.  Juvenile salmonid use of three backwater areas proposed for subimpoundment.  U. S. Fish and Wildlife Service-Ecological Services.  Portland, Oregon 

Zimmerman, M. P.  1999.  Food habits of smallmouth bass, walleyes, and northern pikeminnow in the lower Columbia River Basin during outmigration of juvenile anadromous salmonids.  Transactions of the American Fisheries Society  128:1036-1054.
n



Section 10 of 10. Key personnel

Key Personnel (resumes attached):

James H. Petersen, Ph. D.
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Dennis Rondorf


Co-Principal Investigator 

Collaborators: 

Since this is a new proposal, with several pilot components, we have not included tasks and dollars for specific collaborators.  We do however expect to develop several collaborations if this study is funded.  We list briefly below a few of the collaborations that could develop.  We have working professional relationships with all of these groups or entities, and have conducted collaborative studies with many (see citation examples):

PNNL/Battelle – hydraulic and temperature modeling, benthic habitat (Dauble et al. 2000)

Oregon Dept. of Fish & Wildlife – predator populations, etc. (Ward et al. 1995 ; Petersen and Ward 1999)

University of California, Davis – isotope methods and applications with museum specimens.

Guy Gelfenbaum, USGS/Geologic Division – sediment coring, isotope methods

Jim Kitchell, University of Wisconsin, Madison – bioenergetics, modeling techniques (Petersen and Kitchell, in press)

Peter Leavitt, University of Regina, Canada – paleoecology, isotope methods
Resume for:  James H. Petersen
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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.
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Research Fishery Biologist, Columbia River Research Laboratory, U.S. Fish and Wildlife Service.
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Associate Research Curator, Section of Fishes, Natural History Museum of Los Angeles County, Los Angeles, CA.
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Environmental Scientist, Section of Fishes, Natural History Museum of Los Angeles County.
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Graduate Teaching Assistant, University of Oregon, Eugene, OR.
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Dennis W. Rondorf
Research Fishery Biologist

EDUCATION:

M.S. Oceanography and Limnology, University of Wisconsin, Madison, 1981

B.S. Wildlife Management, University of Minnesota, St. Paul, 1972

PROFESSIONAL EXPERIENCE:

October1996- Present:  Research Fishery Biologist, Project Leader for Anadromous Fish Ecology, Columbia River Research Laboratory, U.S. Geological Survey, Cook, WA

November 1993-October 1996:  Research Fishery Biologist, National Biological Survey

July 1979-November 1993:  Research Fishery Biologist, Fishery Biologist, Research and Development, U.S. Fish and Wildlife Service.

CURRENT EMPLOYMENT AND RESPONSIBILITIES:

D.W. Rondorf serves as a Research Fishery Biologist and Section Leader for the Anadromous Fish Ecology section at the Columbia River Research Laboratory, U.S. Geological Survey, Cook, Washington.  Current areas of research include the behavior, ecology, and habitat use by chinook salmon in the Snake and Columbia rivers.  Other research activities include the distribution of smolts and the relation to gas supersaturation in the main stem Columbia River and behavior of smolts to evaluate  a prototype surface collector at Lower Granite Dam, Washington.  In recent years, D.W. Rondorf has lead research teams studying behavior and habitat using radio telemetry, geographic information systems (GIS), global positioning systems (GPS), remotely operated underwater vehicles (ROV), hydroacoustic fish stock assessment systems, and acoustic Doppler current profilers (ADCP) as research tools.
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