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a. Abstract 
Predation by piscivores in the Columbia and Snake rivers, especially northern pikeminnow Ptychocheilus oregonensis, smallmouth bass Micropterus dolomieu, and walleye Stizostedion vitreum, has been identified as a serious source of system-wide mortality for migrating juvenile salmonids.  Management options for resident predators in the mainstem rivers have been limited primarily to a reward program aimed at northern pikeminnow, the Northern Pikeminnow Management Program.  Other options for managing predator populations may be available, but have not been examined.   The goal of this proposal is to evaluate some components of the riverine habitat that might be manipulated to limit predator populations or predation loss.  The initial focus will be to examine and collate existing information, evaluate methods to estimate potential effects on predator populations, and begin collection of field data needed to complete the evaluation.

Project objectives include:

(1) conduct retrospective analyses comparing available predator data with river and climate indices, and develop long-term indicators to assess year-class strength. 

(2) apply spatial models to predict the amount of habitat for different life stages of predators, particularly in the river below Bonneville Dam.  Spatial models will be evaluated for their ability to predict changes in predator distribution, survival, and growth. Published and unpublished data will be used to develop models of predator behavior, such as spawning location.  

(3) develop field techniques and devise efficient, long-term sample designs to monitor critical predator indices.  “Point electroshocking” will be used to collect age-0 northern pikeminnow, smallmouth bass, and walleye in various habitats.  Information collected from sampling in 2003 will be used to design a long-term sampling plan, implemented in 2004-05 and beyond.  Long-term sampling over a wide variation of operations will be necessary to evaluate the relationships between system operation and predator populations.  

b. Technical and/or scientific background
Predation by piscivores in the Columbia and Snake rivers, especially northern pikeminnow Ptychocheilus oregonensis, smallmouth bass Micropterus dolomieu, and walleye Stizostedion vitreum, has been identified as a serious source of system-wide mortality for migrating salmonids (Rieman et al. 1991; Ward et al. 1995; Beamesderfer et al. 1996; and others).  Northern pikeminnow, the most important predator, may annually consume over 2 million salmonids that migrate through John Day Reservoir, while all predators may consume as much as 2.7 million salmonids in this one, large reservoir (Rieman et al. 1991; Petersen 1994).  Smallmouth bass are not native to the Columbia River Basin, and their predation on salmonids may be especially high in warm-water areas of reservoirs where rates of feeding, digestion, and growth are elevated (Anglea 1997; Petersen et al. 2000).  Smallmouth bass may also prey disproportionately on wild salmonids in some situations (Tabor et al. 1993).  Walleye are also introduced into the system and may locally cause significant losses (Poe et al. 1991; Rieman et al. 1991).  Creation of reservoirs by impoundment of the mainstem rivers, compared to historic conditions when these rivers were large, cold-water rivers, has certainly increased the habitat for smallmouth bass, and has resulted in increased predation by northern pikeminnow (Poe et al. 1994; Zimmerman and Parker 1995).  


Management options for resident predators in the mainstem rivers have been limited primarily to a reward program aimed at northern pikeminnow, the Northern Pikeminnow Management Program (NPMP; Beamesderfer et al. 1996; Friesen and Ward 1999).  The NPMP has removed over 1.8 million northern pikeminnow from the system since 1990. Annual exploitation rate of northern pikeminnow has averaged approximately 12%, with a resulting reduction in annual predation estimated at 25% (Friesen and Ward 1999).  Fisheries regulations on smallmouth bass and walleye designed to limit salmonid losses have not been proposed or implemented.  Research on the response of predators to hatchery releases (Thompson and Tufts 1967; Collis et al. 1995; Shively et al. 1996) has altered some hatchery practices in an effort to minimize predation losses.  Transportation of juvenile salmonids around lower Columbia and Snake River dams is also designed partly to minimize predator losses, although transported smolts must still transit a long section of the lower river because most are released just below Bonneville Dam.

Other options for managing predator populations may be available, but have not been examined.   For example, many predators, including northern pikeminnow, migrate upriver prior to spawning and river blockages such as large dams might cause spawning to occur in tailrace areas.  Northern pikeminnow are known to migrate into tailraces in the Columbia River basin (Martinelli and Shively 1997), and the density of newly-hatched larvae is often high immediately below dams (Gadomski et al. 2001).  Predator spawning in tailrace environments might be disrupted with variable flow or spill patterns.  Reservoir-level changes at specific times might also disrupt predator spawning or alter shoreline habitat to reduce the growth or survival rates of early life history stages.  Restoration actions undertaken to improve salmon habitat, such as riparian changes, could also alter predator habitat.  Modifications to biological components of the existing aquatic community may be feasible; for example, changing or reducing the abundance of introduced species such as American shad Alosa sapidissima or Eurasian water milfoil Myriophyllum spicatum (Petersen et al. in press).  The costs and benefits of such actions have not been examined in a qualitative or quantitative manner.  The goal of this proposal is to evaluate some components of the riverine habitat that might be manipulated to limit predator populations or predation loss.  Once these components have been identified, management options can be considered within the context of salmon recovery and other competing uses of the river.  We will also identify the types of data necessary for long-term decision-making.  Below, we: 

1) provide a rationale for emphasizing the early life history stages of predators – why they are important, what is generally known about these stages, and what management might be feasible,

2) document some large-scale patterns in predation that suggest certain areas of the lower Columbia and Snake rivers are especially important, 

3) describe some tools that can be used to predict the effects of hydropower system or community manipulation on predator habitat, and,

4) outline the rationale for our three Objectives.

Early life history of predators in the Columbia River

Population size is often highly sensitive to small changes in growth or mortality rates during early stages (Rothschild 1986; Caswell 1989; many others).  Predators in the Columbia River are relatively long-lived fish, and their populations should also be sensitive to changes in egg production, and rates of growth and survival of larvae and juveniles (Rieman and Beamesderfer 1990).

Northern Pikeminnow  

The early life history of northern pikeminnow in the Columbia River Basin has been studied by Gadomski et al. (2001) and Barfoot et al. (1999), and in other systems by Jeppson (1957), Patten and Rodman (1969), and Beamesderfer (1992).  Northern pikeminnow migrate upriver to spawn in complex habitats (i.e. dam tailraces, near islands) over gravel/cobble/rubble substrates with moderate water velocities (0.2-0.4 m/s).  Spawning occurs when water temperatures rise from 14oC to 18oC, which is normally about June and early July in the basin.  Pikeminnow spawn in the main channel and tributaries, but not backwater areas because of low velocities. High densities of northern pikeminnow larvae have been collected in more complex riverine areas such as the Hanford Reach and below Bonneville Dam, indicating these types of habitats may have more suitable spawning areas than reservoirs (Gadomski and Wagner 2001;  Gadomski et al. 2001).   

Eggs are adhesive and hatch in 8-10 days depending upon temperature.  Newly-hatched larvae develop in rock interstices about 11 days.  Larvae 9-10 mm in length drift downriver for a brief period (about 1-3 days) and recruit to shallow low-velocity shorelines of main-channel and backwater areas to rear.  Larvae rear in greatest densities at sites with fine sediment/sand substrates and moderate or high-density vegetation. By early September, mean standard lengths of juvenile northern pikeminnow in the John Day Reservoir ranged from 32 to 46 mm  (Barfoot et al. 1999).  Enhanced growth and survival of age-0 northern pikeminnow in shoreline rearing areas has been associated with a number of interrelated environmental conditions--comparatively low flows and turbidities, abundant instream vegetative cover, and high (>20oC) near-shore water temperatures (Barfoot et al. 1999).

Smallmouth Bass

The early life history of smallmouth bass has been studied by many researchers (Neves 1975; Graham and Orth 1986;  Picard et al. 1993;  McNeill 1995, and others), but has not been fully examined in the Columbia River Basin.  Smallmouth bass commonly beginning spawning in nests when temperatures rise to 15-16oC, although spawning has been reported at temperatures ranging from 12.5 to 23.5 oC  (Graham and Orth  1986). Nests are often close to cover in shallow areas with gravel or rocky substrates and are guarded by the male bass. High (> 0.20 m/s) or variable flows during egg and larval rearing have been shown to result in nest failures or low production of free-swimming larvae (Lukas and Orth 1995; Peterson and Kwak (1999).  However, high flows during nest construction in a regulated Virginia stream allowed male bass to select sites in more protected areas.

At 15oC, eggs hatch in about a week.  Larvae develop in the nest for 1-2 weeks before emerging.  After leaving the nest, the larval brood remains near the site for about a week and is guarded by the male bass (Sabo and Orth 1994). Age-0 smallmouth bass use low-velocity shallow areas with woody cover and rock habitats, likely as protection from predation.  Free-swimming smallmouth bass were collected mid-July by Petersen et al. (2000) in the Hanford Reach of the Columbia River at a standard length of about 11 mm.  By the end of the summer rearing season (mid-September), juveniles were a mean length of 60 mm, which is about the size they have been reported to move offshore from low-velocity pools into riffles and runs (Sabo and Orth 1994).

Walleye

Walleye begin spawning in early spring in the Columbia River when water temperatures are cold, about 7-9oC (Williams and Brown 1985).  They broadcast spawn in shallow areas and thus their eggs may be particularly vulnerable to water level fluctuations (Corbett and Powles 1986).  Walleye prefer to spawn over gravel/cobble substrates and it has been shown that eggs that settle in fine sediments have poor survival. Koenst and Smith (1976) found that optimum temperature ranges increased with ontogeny—fertilization rate, egg development, and larval survival were best at 6-12, 9-15, and 15-21 oC, respectively.  At 9-12 oC, eggs hatched in 2-4 weeks. Newly-hatched larvae are 7-8 mm in length and immediately drift downstream.  Factors affecting larval walleye survival may vary with location.  Walleye larvae in Lake Erie were found to have low survival during periods of high discharge because increased suspended sediments and turbulence damaged fish (Mion et al.  1998).  Survival during periods of low discharge depended upon temperature, food availability, and predation risk.  

Juvenile walleye grow rapidly, and begin feeding on fish by 75 mm (Williams and Brown 1985).  In the John Day Reservoir in 1979, Brege (1981) found that young-of-the-year walleye grew 11 mm a week from July to October, reaching a mean length of 226 mm by the end of the growing season.  This is similar to growth observed for walleye in Lake Erie.

Factors affecting recruitment of walleye have been examined frequently in mid-western lakes  (Busch et al. 1975; Madenjian et al. 1996; Hansen et al. 1998; Nate et al. 2000, and others), but are unknown in the Columbia River.  Variations in year-class-strength have been related to cannibalism or predation by other species, and prey availability for mature female walleye.  In Lake Erie, warmer temperatures have been linked to recruitment success because more rapid development of walleye eggs results in  decreased vulnerability to spring storms.

Large-Scale Patterns of Predation on Salmonids

Northern Pikeminnow

Consumption of juvenile salmonids by northern pikeminnow appears to be especially high in the Columbia River below Bonneville Dam (Ward et al. 1995; Friesen and Ward 1999; Zimmerman and Ward 1999).  Both the abundance of northern pikeminnow and the predation rates on juvenile salmonids are much higher in this area, causing estimated losses to be over an order of magnitude greater than in reservoirs (Figure 1). 

These higher losses to northern pikeminnow in the lower river have not been fully explained, but could be caused by higher densities of prey (juvenile salmonids), by differences in habitat, or through other mechanisms.  The great majority of juvenile salmonids that emigrate from the Columbia River Basin must pass through the lower Columbia River on their way to the ocean.  Only fish from a few lower tributary systems, such as the Willamette River, are added to stocks migrating through the lower Columbia River.  The presumed higher density of juvenile salmonids in the lower Columbia River may stimulate a nonlinear feeding response by the predators (Petersen and DeAngelis 1992).  

The higher predation losses of juvenile salmonids in the lower Columbia River might also be caused by habitat differences which facilitate better recruitment of predators and higher encounter rates between predators and salmonid prey.  Gadomski et al. (2001) observed densities of larval northern pikeminnow below Bonneville Dam that were an order of magnitude greater than found in John Day Reservoir.  Some large areas of the lower river are relatively shallow, which may increase the likelihood of encounters between predators and prey.  Logistic regression models of predator distribution has shown that both northern pikeminnow and smallmouth bass prefer shallow water areas with low velocity (Petersen et al. 2000; Barfoot and Petersen, in preparation), which would be common in the floodplain areas of the lower river.


[image: image1.wmf]Reservoirs

Below Bonn.

Bonneville

John Day

Snake River

Abundance

0

20

40

60

80

Below Bonn.

Bonneville

John Day

Snake River

Consumption

0.0

0.5

1.0

Spring

Summer

Below Bonn.

Bonneville

John Day

Snake River

Predation loss

0

3

6


Figure  1.  Indices of abundance, salmonid consumption, and loss of juvenile salmonids by northern pikeminnow in the Columbia and Snake rivers.   Abundance estimates (top panel) are not broken down between spring and summer.  Estimates exclude tailrace and forebay zones around dams.  Data were collected during 1990-1996, although not all year-by-area combinations were sampled.  Data are from Ward et al. (1995) and Zimmerman and Ward (1999).

The higher predation losses of juvenile salmonids in the lower Columbia River might also be caused by habitat differences that facilitate better recruitment of predators and higher encounter rates between predators and salmonid prey.  Gadomski et al. (2001) observed densities of larval northern pikeminnow below Bonneville Dam that were an order of magnitude greater than found in John Day Reservoir.  Some large areas of the lower river are relatively shallow, which may increase the likelihood of encounters between predators and prey.  Logistic regression models of predator distribution has shown that both northern pikeminnow and smallmouth bass prefer shallow water areas with low velocity (Petersen et al. 2000; Barfoot and Petersen, in preparation), which would be common in the floodplain areas of the lower river.

Smallmouth bass

Although total predation on juvenile salmonids is highest below Bonneville Dam, predation by smallmouth bass approaches or exceeds predation by northern pikeminnow in reservoirs in the lower Snake River (Curet 1993; Zimmerman and Parker 1995; Anglea 1997; Petersen et al. 2001).  Densities of smallmouth bass were much higher in Snake River reservoirs than elsewhere in the basin (Zimmerman and Parker 1995).  Predation by smallmouth bass in these reservoirs is important because Snake River fall run and spring/summer run chinook salmon are listed as threatened, as are Snake River basin steelhead.  Of special significance may be predation by smallmouth bass on the listed fall run of chinook salmon, which may be exacerbated by temporal and spatial overlaps in habitat occupied (Tabor et al.  1993).  Opportunities to decrease predation by smallmouth bass in the lower Snake River should be explored.  

Walleye  

Predation by walleye is limited to the Columbia River.  Catches of walleye are usually highest in tailraces, and below Bonneville Dam (Zimmerman and Parker 1995).  Abundance of walleye seems especially dependent on river conditions, with high flows often resulting in poor reproductive success (Beamesderfer and Nigro 1989).  Relative abundance of walleye has been cyclic; during the mid 1980s in John Day Reservoir, walleye abundance was relatively low (Beamesderfer and Rieman 1991), but evidence indicates that shortly thereafter walleye abundance increased dramatically (Tinus and Beamesderfer 1994).  Because predation by individual walleye is similar to that of individual northern pikeminnow (Vigg et al.  1991), salmonids losses may be quite high during periods of high walleye abundance.   

Tools for Predicting Changes in Predator Habitat

Development of new management actions directed at predator populations or predator-prey interactions first requires a description of the current habitat, and then predictions about the scope for potential change possible under different scenarios.  The effects of management actions, whether they are related to hydropower system operation or local restoration efforts, might have spatial impacts on habitat characteristics such as water depth, water velocity, substrate type, temperature, and aquatic vegetation.  The relationship of these physical characteristics to predator spawning, growth, behavior, and predator-prey interactions with salmonids can be predicted using GIS-based spatial models analogous to models that have been used in other systems (Brandt and Kirsch 1993; Curnutt et al. 2000).  

For example, spatially explicit species models are being developed and used in the restoration of the Florida Everglades ecosystem.  Index models of wading birds, snail kite Rostrhamus sociabilis, American alligators Alligator mississippiensis, and other species have been developed from a relatively small set of behavior rules based on intensive field studies.  These field studies describe such things as the effects of water depth on foraging success of wading birds or the role of water depth on breeding success of sparrows.  By combining a set of rules, an index value between 0 and 1 is computed.  Indices are visually displayed in a GIS of south Florida that shows water depth, vegetation, and other spatial features.  Comparisons can then be made between base case scenarios (current conditions, e.g.) and various management alternatives (Curnutt et al. 2000).  Important advantages of this approach over many conventional habitat models are that they may utilize values in surrounding cells, they have a temporal component and, thus, incorporate both static and dynamic features of the landscape, and they are based on a “landscape” structure that can be used to model the response of any species in the ecosystem (Curnutt et al. 2000).

We propose to use a modeling approach similar to Curnutt et al. (2000) to estimate predator habitat and to compare management options that might be functions of hydropower system operation or physical restoration efforts.   During the first year of funding, we would develop, test, and improve models for spawning habitat and habitat use by northern pikeminnow and smallmouth bass.  In subsequent years, we would develop models for the growth and survival of early life history stages and the growth potential of predators. A brief demonstration of how current knowledge about the spawning behavior of predators would be used to develop, spatially-explicit models is presented within the Objectives section (Objective 2, Task 2b).

Rationale for Objectives

Our objectives would review existing data on predators and hydrosystem operation (Objective 1; Figure 2), develop some predictions about different types of habitat that might be susceptible to hydrosystem operation (Objective 2; Figure 2), and develop a long-term field index to evaluate potential management actions (Objective 3; Figure 2).  Preliminary efforts indicated potential relationships between reproductive success and environmental conditions (Connolly and Rieman 1988; Beamesderfer and Nigro 1989).  Additional work is needed to determine more precisely the nature of these relationships and the feasibility of using these relationships for predation management (Objective 1).  Spatially-explicit models will be used to predict the distribution and abundance of predator habitat for spawning, growth and survival of larvae and juveniles, and predator-prey encounters (Objective 2).  Results of modeling should help to decide if management efforts are warranted.  Monitoring the success of management efforts to reduce predation requires long-term field indicators of reproductive success of predators, which require development (Objective 3).  Predation on juvenile salmonids is directly related to predator abundance (Ward et al. 1995; Ward and Zimmerman 1999), which in turn is dependent on reproductive success (Beamesderfer and Nigro 1989; Figure 2).  It will likely take several years of effort, under varying hydropower operations and natural variation, to collect data and develop an effective index with sufficient sensitivity.  Indicators or indices, by quantifying before and after conditions, are also necessary to gauge the effectiveness of any management effort that might be implemented in the future. 


Figure 2.  Outline of proposal Objectives (right, boxes) and their relationship to hydrosystem operation, predator habitat, predation processes, and mortality of juvenile salmonids.

c. Rationale and significance to Regional Programs
The Fish and Wildlife Program

Reducing predation through enhancement of ecological functions will contribute to the Northwest Power Planning Council’s (NWPPC) Fish and Wildlife Program (FWP) vision of a Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region.  More specifically, the proposed project addresses FWP objectives for biological performance related to anadromous fish losses: (1) Halt declining trends in salmon and steelhead populations above Bonneville Dam by 2005, (2) Restore the widest possible set of healthy naturally reproducing populations of salmon and steelhead in each relevant province by 2012, and (3) Increase total adult salmon and steelhead runs above Bonneville Dam by 2025 to an average of 5 million annually in a manner that supports tribal and non-tribal harvest. 

The 2000 FWP also calls for the continuation of existing measures until subbasin plans are adopted, the measure has been specifically repealed, or three years have elapsed, whichever comes first.  Therefore, measures from the 1994 FWP addressing predator control are still in effect.  Reduction in predation on juvenile salmonids is specifically called for under Measures 5.7A and 5.7B of the FWP. Measure 5.7A.3 calls for reducing the number of non-native fish wherever they exist with listed species or weakened runs, and for curtailing recruitment of non-native fish into the habitats of listed species or weak runs.  Measure 5.7B.5 is especially pertinent to the proposed project.  This measure calls for the exploration of methods to reduce predator population numbers at all appropriate life stages.  

NMFS Biological Opinion

A “Predator Control Strategy” is outlined in the “Measures to Avoid Jeopardy” section of the NMFS Biological Opinion.  NMFS believes that some degree of predator control is necessary and that certain measures will help achieve the survival performance goals of the biological opinion, particularly related to the 10% reduction in reservoir mortality estimates.  The specific reasonable and prudent alternatives (RPAs) from the biological opinion that are pertinent to this proposal are RPA Actions 100 and 105.  RPA 100 states “The Action Agencies shall continue to implement and study methods to reduce the loss of juvenile salmonids to predaceous fishes in the lower Columbia and lower Snake rivers.  This effort will include continuation and improvement of the ongoing Northern Pikeminnow Management Program and evaluation of methods to control predation by non-indigenous predacious fishes, including smallmouth bass, walleye, and channel catfish.”  RPA 105 states: “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 RPA Action 105 calls for a pilot study that “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.”

Such a pilot study would also address 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.”  

Action Agencies Five-year Implementation Plan
Reducing predation addresses goals and priorities specified in the Action Agencies (BPA, USACE, USBR) Five-year Implementation Plan for anadromous and resident fish.  Goal 1 of the Implementation Plan is to “avoid jeopardy and assist in meeting recovery standards for Columbia Basin salmon, steelhead, bull trout, sturgeon, and other aquatic species that are affected by the FCRPS.”  Furthermore, the Implementation Plan states that, “our goal is to achieve the greatest gains in survival, as quickly as possible while acknowledging that unlimited resources are not available to the Action Agencies.  For example, actions that can be quickly implemented, can be accomplished with available resources, and provide a significant and measurable survival benefit would be implemented first.”

The proposed project addresses at least two of the “hydrosystem priority” criteria from the Implementation Plan.  Criterion 2 states that, “ultimately, we are seeking overall improved survival of juvenile and adult fish through the hydro corridor. Consequently, attention is given to those actions that have the highest estimated or potential improvement to the most fish and to the most ESU's within the hydro corridor.”  Criterion 4 states that, “priority would be given to actions that target reservoirs determined to have the lowest rates of juvenile survival. For example, data consistently shows the lowest reservoir survival rates occur in the pool between McNary and John Day dams. John Day reservoir survival improvement actions (e.g. predator control) are relatively high in priority.”

Future Needs – Action Agencies Priority

The Action Agencies reviewed future needs identified in program summaries and assigned priorities for all needs based on the NMFS Biological Opinion and the Fish and Wildlife Program.  Many components of the proposed project received Priority 1 – “needs immediate implementation”.  These include (1) evaluate natural and manmade habitat alterations, reservoir level fluctuations during predator spawning seasons, sport fish management options, and sediment and nutrient transport, (2) assess the feasibility of reducing predation on juvenile salmonids in the Columbia River through operation of the hydropower system, (3) assess the feasibility of determining the effects of hydropower operations on populations of predatory resident fish, (4) review and summarize existing data on hydropower system operations and year-class strength of northern pikeminnow, smallmouth bass, and walleye in Lower Columbia River reservoirs and the free-flowing Hanford Reach, (5) examine data including reservoir and river fluctuations during predator spawning seasons, incubation period, and other times critical to the setting of year-class strengths, (6) obtain a better understanding of the mechanisms, particularly predation, causing high mortalities to juvenile salmonids in lower reservoirs of the Columbia River and below Bonneville Dam and suggest management alternatives, and (7) fund project to assess the feasibility of enhancing the function of ecological communities in areas other than riparian habitat enhancement.  

Additional components of the proposed project received Priority 2 – “immediate implementation desired”.   These include: (1) if determined to be feasible, collect new information on hydropower operations by sampling for young of the year northern pikeminnow, smallmouth bass, and walleye during late summer and fall for a number of years to include a wide variation in hydropower operations, (2) address RPA Action 105 which calls for a pilot study that should include a combination of hydrosystem operations, enhancement of mainstem and estuarine habitat, and directed fishery management options.  Our proposed work also targets some research within the lower river, where predation losses are likely high (see Narrative section), and where there may also be options for hydropower system control.

Predator Control Program Summary

This proposed project is listed in the Predator Control Program Summary as a “Needed Future Action”:  “One goal of the pilot study would be to assess the feasibility of reducing predation on juvenile salmonids in the Columbia River through operation of the hydropower system.  Objectives would include (1) assess the feasibility of determining the effects of hydropower operations on populations of predatory resident fish, and (2) if feasible, evaluate the effect of reservoir level fluctuations on populations of predatory resident fish.  This project would include a review and summary of existing data on hydropower system operations and year-class strength of northern pikeminnow, smallmouth bass, and walleye in Lower Columbia River reservoirs and the free-flowing Hanford Reach.  Data to be examined would include reservoir and river fluctuations during predator spawning seasons, incubation period, and other times critical to the setting of year-class strengths.  If determined feasible new information would be collected on hydropower operations and predator populations by sampling for young of the year northern pikeminnow, smallmouth bass, and walleye during late summer and fall.  Sampling for a number of years would probably be necessary to ensure a wide variation in hydropower operations.”  

Subbasin Summaries

In addition to the Predator Control Program Summary, recently completed subbasin summaries have recognized the need for the proposed project.  The list of fish and wildlife needs in the Columbia Plateau subbasin summary included “evaluate relationships between exotic fish predator (smallmouth bass, walleye, and channel catfish) abundance and operation of the hydropower system - assess feasibility of reducing predation on juvenile salmonids through changes in operations or by other means.

d. Relationships to other projects 
 In general, mortality of juvenile salmonids away from dams is typically associated with predation (Rieman et al. 1991; Ward et al. 1995).  Predation losses include those to northern pikeminnow, non-native resident fish, marine fish, avian predators such as Caspian terns Sterna caspia, and marine mammals.   This proposed project is complimentary to all ongoing predation projects, especially the Northern Pikeminnow Management Program (NPMP).  These projects share the objective of evaluating and reducing losses of juvenile salmonids to predation exacerbated by the hydropower system. The NPMP is the only project under the FWP conducting field activities designed to reduce predation on juvenile salmonids by resident fish.  The proposed project would compliment the NPMP by exploring methods to reduce populations of northern pikeminnow and non-native resident predatory fish through manipulations of the hydropower system.  Eventual findings from the proposed project may lead to a combination of hydropower system operations and northern pikeminnow removal that most effectively reduces predation.

In addition to the NPMP, studies on predation by resident fish are being conducted in some areas near dams, funded by the Army Corps of Engineers (ACOE).  For example, studies have been conducted to examine the behavior of predators in The Dalles Dam tailrace, estimate the relative densities of northern pikeminnow and smallmouth bass in The Dalles Dam tailrace, and apply habitat models for these predators (Martinelli and Shively 1997; Petersen et al. 2001).  Conditions in The Dalles Dam tailrace are unique compared to other projects on the Columbia or Snake rivers, primarily because of the complex basin with a series of downriver islands where predators are known to reside.  Other studies funded by the ACOE, such as those estimating rates of survival near dams and within reservoirs, could also benefit from the proposed work since non-dam related mortality is assumed to be caused by predation.

Other projects under the FWP evaluating predation on juvenile salmonids include project 199702600, Identify Marine Fish Predators of Salmon and Estimate Predation Rates, and project 199702400, Avian Predation on Juvenile Salmonids in the Lower Columbia River.  Although freshwater survival for salmonids in the Columbia River Basin may have increased as a result of regional programs, ocean survival of salmonids is often very poor. Given the recent increased number of Pacific mackerel Scomber japonicus, jack mackerel Trachurus symmetricus, and Pacific hake Merluccius productus residing off Oregon and Washington, predation by these species (and possibly others) may seriously impact ocean survival.  Furthermore, the once abundant northern anchovy Engraulis mordax appears to have decreased significantly in recent years (Emmett et al. 1997) exacerbating predation by not providing an alternative prey for these marine predatory fishes.

Several recent studies have been funded to look at the role of habitat within the lower river and estuary, which the proposed project would complement.  For example, the BPA, ACOE, and USFWS have recently funded studies concerning the estuarine habitat of juvenile salmon, CORIE development of a physical model for the lower river (), and use of the mainstem and estuary by coastal cutthroat trout .  We have contacted many of these investigators to assure effective collaboration.  The proposed project will benefit from the hydraulic modeling, physical monitoring system, and conceptual development that has taken place in these ongoing studies of the lower river.

e. Project history (for ongoing projects) 

Not applicable – new project.

f. Proposal objectives, tasks and methods
The long-term goal of the proposed project is to evaluate components of the riverine habitat that might be manipulated to limit predator populations or predation loss. The initial focus will be to examine and collate existing information, evaluate methods to estimate potential effects on predator populations, and begin sampling to collect additional information needed to complete the evaluation.

Objectives

(1) Conduct retrospective analyses comparing available predator data with river and climate indices, and develop long-term indicators.

(2) Apply spatial models to predict the amount of habitat for different life stages of predators, particularly in the river below Bonneville Dam.  

(3) Test field methods to develop techniques and devise efficient, long-term sample designs for evaluating year-class strength and management success.

Tasks and Methods

Objective 1 
Conduct retrospective analyses comparing available predator data with river and climate indices, and develop long-term indicators.  

Product:  An annual report will be written summarizing datasets and analyses.

Task 1a  
Examine existing datasets to collate data on river operations and predator populations. 

We will examine data available from the USACE, USGS and others that describe information on river and reservoir conditions during predator spawning seasons, incubation periods, and other times critical to the setting of year-class strengths.  Data will include but not be limited to discharge, water temperature, fluctuations in water temperature, river and reservoir elevations, and fluctuations in river and reservoir elevations at various times of the year (Table 1).  It is likely that data from the past 20 years will be useful because information on predator populations has been collected over that period.

We will also examine data collected by USGS and ODFW over the past 20 years on predator populations in the Columbia River.  Data will include previously derived indices of year-class strengths and catch of age-0 northern pikeminnow, smallmouth bass, and walleye in reservoirs and in the river downstream from Bonneville Dam.  Data will also include growth of age-0 fish because year-class strength may depend partially on first-year growth, which in turn may be dependent on river or reservoir conditions.  

Task 1b  
Derive indices of river conditions and predator year-class strengths.

We will summarize data on river conditions to yield indices that may be correlated with the setting of predator year-class strengths.  Indices will include but not be limited to mean daily discharge, mean river and reservoir elevations, standard deviation of river and reservoir elevations, range of river and reservoir elevations, mean daily water temperature, standard deviation of mean daily water temperature, and range of mean daily water temperature at various times of the year. 

Predator data will also be summarized to yield indices.  Indices may include but not be limited to previously derived indices of year-class strength (e.g., El Zarka 1959), newly derived indices, catch of age-0 fish in fall, and length of age-0 fish in fall. 

Table 1.  Examples of datasets available for retrospective analyses.  

	Data type
	Period
	Source

	Predator CPUE
	1983-2002
	ODFW, USGS

	Predator year-class strength
	1983-1996
	ODFW, USGS

	Density of larvae and juveniles
	1993-1996
	USGS; Gadomski et al. (2001)

	
	
	

	River discharge
	1939-2002
	USACE; DART website 

	River temperature
	1939-2002
	Streamnet

	Dam operations (spill, etc.)
	1939-2002
	USACE

	Columbia Basin climate index
	1939-2000
	USGS; Petersen and Kitchell (2001)


Task 1c 
Evaluate relationships between indices of river conditions and indices of predator year-class strengths.

We will use various combinations of regression, multiple regression, logistic regression, or other multivariate analyses to evaluate relationships between indices of river conditions and indices of predator year-class strengths. Evaluations will be conducted separately for each reservoir evaluated, and for the Columbia River downstream from Bonneville Dam.  Analyses will be conducted for each predator (northern pikeminnow, smallmouth bass, and walleye) separately as well.

Objective 2  
Apply spatial models to predict the amount of habitat for different life stages of predators, particularly in the river below Bonneville Dam.  

Product:  All datasets, with metadata, will be collated into a GIS (unless there are proprietary issues with collaborators).  An annual report will be written summarizing model development, applications, and results.

We will concentrate modeling in the reach below Bonneville Dam because of the suspected high mortality of juvenile salmonids, but it will be possible to develop similar models for other reservoirs using hydraulic models and other datasets (see Table 2, e.g.). As previously noted, it may be important to eventually develop models for smallmouth bass predation in Snake River reservoirs. 

Task 2a 
Identify, collate, and document existing spatial datasets from the lower river (Bonneville to the estuary) that can be used in predator modeling (Table 2; others as available).  

Datasets and hydraulic models to implement spatial habitat models, for the lower river in particular, are available from several sources (Table 2), including the Oregon Graduate Institute (water velocity, water depth, temperature, distance to shore), the Lower Columbia River Estuary Partnership (LCREP; emergent vegetation; satellite imagery), and the Army Corps of Engineers (bottom substrate). We have contacted the principal researchers that developed and maintain these physical datasets and the hydraulic models, and they are listed on this proposal as cooperators.   The CORIE modeling group, in particular, has developed a hydraulic and temperature model for the Columbia River estuary and lower river that should be especially useful in applying our predator models.  The CORIE group has been working with BPA, NMFS, FWS, and others to predict rearing habitat for juvenile salmonids and cutthroat trout in the lower river, and our predator modeling will be a useful complement to these ongoing efforts. Datasets will be merged into a single GIS system with metadata and common spatial referencing.  

Table 2.  Sources of datasets available for developing and applying spatial models of predator spawning, growth, and predator-prey encounters.  Note that certain variables necessary for modeling, such as “distance from shore”, can be easily derived from the GIS system for any given cell.   ? = no dataset yet identified.

	Type of data
	Reach

	
	Below Bonneville Dam
	Bonneville reservoir
	John Day reservoir
	Hanford reach

	
	
	
	
	

	Velocity
	CORIE1
	PNL4
	PNL
	PNL

	Depth
	CORIE
	USGS5
	PNL / USGS
	PNL

	Temperature
	CORIE
	PNL
	PNL
	PNL

	Substrate
	ACOE2
	USGS
	USGS
	USGS

	Vegetation
	LCREP3
	USGS
	?
	?

	Shoreline type
	LCREP
	USGS
	?
	USGS


1Oregon Graduate Institute, Antonio Baptista

2Army Corps of Engineers

3Lower Columbia River Estuarine Partnership, Bruce Sutherland

4Pacific Northwest Laboratory (Battelle), Marshal Richmond

5U.S. Geological Survey, Columbia River Research Laboratory, Mike Parsley

Task 2b  
Develop models to predict the spawning habitat of northern pikeminnow, smallmouth bass, and walleye.  

Various aspects of the spawning behavior of northern pikeminnow have been described and documented in the literature (Jeppson and Platts 1959; Hill 1962; Beamesderfer 1992; Martinelli and Shively 1997; Petersen et al. 2000; Gadomski et al. 2001).  Northern pikeminnow are broadcast spawners over gravel or cobble substrates.  Spawning is believed to occur when water temperatures are 14-18 oC, and a minimal water velocity is required (Beamesderfer 1992; Gadomski et al. 2001).  Petersen et al. (2000) radio-tagged both northern pikeminnow and smallmouth bass in the free-flowing Hanford Reach and the lower Snake River during 1998.  Movement patterns of the predators, along with time of the year and water temperature, can be used to infer spawning migrations and identify spawning sites.  For example, of 25 northern pikeminnow tagged and tracked for 5 months in the Hanford Reach, 14 fish showed directed upriver movements during late June or early July to specific locations, presumably for spawning.  Eight fish were detected in an island area near river mile 373 and 6 fish were detected in a discrete shoreline location.  Radio-tagged northern pikeminnow in the Hanford Reach suggests that spawning was usually in less than 5 m of water, water velocity was moderate, and fish migrated upstream of their home range between 2 and 21 km (median 11 km).  More importantly, fish appeared to choose one or two specific sites at the upper ends of large islands for spawning (USGS, unpublished data). Some data that has not been fully analyzed has also been collected using radio-telemetry in the Hanford Reach and the free-flowing lower Snake River (USGS unpublished data).  These data will be analyzed in more detail as part of this proposal to develop better models of spawning site selection and timing that might be applied in the lower river. Inclusion of fish behavior rules into the GIS will also be consistent with foraging movements of predators  (e.g., Petersen and DeAngelis 2000;  DeAngelis and Petersen 2001; Petersen 2001). 

These types of field observation and data would be used in a set of rules such as:

	Cell location (continuous index)
	Index ranges from 0 for brackish water to 1 near Bonneville Dam (furthest upstream in this reach).

	Temperature (binary index)   
	1 if  water temperature >14 oC and <18 oC; otherwise = 0

	Bottom substrate (binary index)  
	1 if Gravel, cobble, or boulder ; otherwise = 0



	Water velocity (binary index)
	1 if water velocity 0.2 – 0.4 m/s; otherwise index = 0 (water velocity is too high or too low).

	Water depth (continuous index)
	Index ranges from 0 to 1 as water depth varies from 1 to 4 m; otherwise this index = 0 (water is too deep or too shallow).


These five index values would be sequentially incorporated into existing datasets or hydraulic models of the lower river (discussed below).  Temporal rules could also be included, such as the need for specific temperatures for egg or larval survival following a spawning event.  Other approaches to modeling spawning behavior with telemetry data have been used and would be reviewed (e.g. Workman et al. 2002).

Task 2c
Implement and run the spawning models with the spatially-explicit GIS using available datasets for physical habitat. 

By varying the flow, temperature, or other conditions of the river predicted with a hydraulic model, we could simulate variations in the potential spawning habitat for northern pikeminnow.  Comparisons could be made between “average” or historic conditions, and specific management alternatives (high spill or flow during specific periods, e.g.).  For example, the flow around Ives Island immediately below Bonneville Dam, which is maintained for chum spawning and rearing, could be evaluated for its effect upon northern pikeminnow spawning success.  Restoration activities related to the Columbia River channel deepening project below Portland might also be evaluated with these tools. 

Without knowing what datasets are currently available, we cannot specify the exact model runs.  We anticipate that spatial datasets will be available for a range of flows, which will produce habitat changes in water velocity, water depth, and temperature, at a minimum.  Simulation output under different flow or operational conditions will be compared, if possible.

Task 2d 
Evaluate the sufficiency of physical datasets, the adequacy of the hydraulic models, and the predictive potential of the developed habitat models.  

These evaluations will consist of sensitivity analyses of model parameters, consideration of the scale at which physical data have been collected and then interpolated, comparison with field data where available, and the degree to which the hydraulic models have been corroborated.  Note that much of the testing of the hydraulic models has been completed during their development by other groups and agencies, which will facilitate this step.  

Task 2e  
Begin development of spatial models for the rearing habitat of predators and the growth potential for predators.

Besides the spawning model described and tested above, we will begin development of other spatially-explicit models that can be used by managers to evaluate hydrosystem operation (e.g., Lueke et al. 1999).  Information has been collected to develop models for the rearing habitat of northern pikeminnow and smallmouth bass (e.g., Barfoot et al. 1999; Gadomski et al. 2001; Gadomski and Wagner 2001), and for the distribution of adult predators (e.g., Petersen et al. 1999; Peterson and Kwak 1999; Barfoot and Petersen, in preparation).

Objective 3  
Test field methods to develop techniques and devise efficient, long-term sample designs for evaluating year-class strength and management success. 

Product:  An annual report will be written summarizing field methods, data collected, and analyses.  The report will include recommendations for improved sampling in out years (see Task 3b).

Task 3a
Test field methods to develop techniques and devise efficient, long-term sample designs.

In late summer and fall of 2003 we will conduct preliminary sampling for age-0 northern pikeminnow, smallmouth bass, and walleye downstream from Bonneville Dam and in Bonneville and John Day reservoirs.  We will use  “point electroshocking” during fall months to collect fish (Key et al. 1996; Garland and Tiffan 1999).  Point electroshocking is conducted with 17’ aluminum boats outfitted with bow-mounted electrodes.  To collect a sample, the boat is driven perpendicular toward a selected site on the shore and the electricity is turned on at a predetermined distance from shore.  Fish shocked are collected by a netter and placed into a holding tank on the boat for later identification and measurement.  Point electroshocking has previously been used successfully to sample a variety of fishes in the Columbia River, including resident predator species (Table 3).  Electroshocking has been used in various rivers to sample YOY fish during late summer and fall (Paragamian and Kingery 1992; Lyons and Welke 1996).

Preliminary sample design:  Use of point electroshocking will facilitate sampling in all types of nearshore and shoreline habitats, unlike other methods such as beach seining.  To allocate and randomize effort, a two-stage, stratified design will be used (Thompson 1992; Hankin 1984; Petersen et al. 2000).  Sampling effort will be stratified by shoreline habitat type and water velocity classes (high versus low, e.g.).  Shoreline strata will include riprap, cobble, sand/gravel, bedrock, and emergent vegetation, with a possible separate stratum of Eurasian water milfoil.  Shoreline habitat “units” will be determined during preliminary field surveys in sample reaches, and water velocity “units” will come from GIS datasets or river gradient. Water velocity in large reservoirs may turn out to be unimportant, simplifying the design. We have used this approach to sample, by electroshocking, adult predators in the lower Snake River with good success (Petersen et al. 2000).  This method produced relatively low coefficients of variation for both small and large predators (Table 4).  If we can obtain similar measures of variability with this design and sampling young-of-the-year (YOY) predators, we should have a reasonably sensitive index.  Data from the first year of effort (FY03) would be used to improve this design.

Sampling will be conducted during August - October when YOY fish are large enough to electroshock.  We will identify each fish collected to the lowest possible taxa, and measure fork length.  Scales will be collected from a subsample of fish to verify age assignments.  Garland and Tiffan (1999) used 8-second shock periods in their point electroshocking.  Our sampling will require some preliminary work to assure an effective period and methodology.

The Principal Investigators have been using electroshock sampling in the Columbia River for over 15 years (Ward et al. 1995, e.g.).  Appropriate state and federal permits will be obtained.  Protocols will be implemented to assure minimum contact and hazard to migrating adult salmonids.

Table 3.  Fish collected by point electroshocking in the Columbia and Snake rivers.  Not all fish were netted and thus some were identified only to major taxa.

	Common name
	Taxa
	Reservoir or reach

	
	
	McNary

Reservoir1
	Hanford

Reach1
	Snake River2

	Bass
	Micropterus spp.
	+
	
	

	Bluegill
	Lepomis macrochirus
	+
	+
	

	Carp
	Cyprinus carpio
	+
	+
	+

	Chiselmouth
	Acrocheilus alutaceus
	
	
	+

	Crappie
	Pomoxis spp.
	+
	
	

	Dace
	Rhinichthys spp.
	
	
	+

	Largemouth bass
	Micropterus salmoides
	+
	+
	+

	Largescale sucker
	Catostomus macrocheilus
	+
	+
	+

	Minnow
	Cyprinidae
	
	+
	

	Mountain whitefish
	Prosopium williamsoni
	
	+
	+

	Northern pikeminnow
	Ptychocheilus oregonensis
	+
	+
	+

	Peamouth
	Mylocheilus caurinus
	
	+
	+

	Pumpkinseed
	Lepomis gibbosus
	+
	
	

	Rainbow trout
	Oncorhynchus mykiss
	+
	+
	+

	Redside shiner
	Richardsonius balteatus
	+
	+
	+

	Sculpins
	Cottidae
	+
	+
	+

	Smallmouth bass
	Micropterus dolomieu
	+
	+
	+

	Spring chinook salmon
	O. tshawytscha
	+
	+
	+

	Fall chinook salmon
	O. tshawytscha
	+
	+
	+

	Threespine stickleback
	Gasterosteus aculeatus
	
	+
	

	Walleye
	Stizostedion vitreum
	+
	
	

	Yellow perch
	Perca flavescens
	+
	+
	

	Unidentified
	
	+
	+
	+


1Key et al. (1996)

2Garland and Tiffan (1999)
Table 4.  Coefficients of variation (%) of density (fish/rkm) for small (<300 mm) and large (> 300 mm) predators sampled by boat electroshocking in the lower Snake River by Petersen et al. (2000). 

	Species / size
	Period

April – May                        June - August

	Northern pikeminnow
	
	

	  Small
	11
	5

	  Large
	11
	12

	Smallmouth bass
	
	

	  Small
	14
	14

	  Large
	10
	12


Task 3b
Develop a stratified sampling plan to implement in 2004-2005, and beyond.

We will use information collected during 2003 to design a long-term sampling plan to be implemented in 2004-05 and beyond.  Long-term sampling over a wide variation of hydropower operations will likely be necessary to complete an evaluation of the relationships between river conditions and predator populations.  Effort, catches, and variation in catches in 2003 will be used to develop a sampling design with sufficient power to detect significant differences in catches of age-0 predators among habitat strata and among river conditions.  

Proceeding with field sampling beyond 2003 will depend on the results from Objectives 1 and 2, and from Task 3a.   Analyses conducted as part of Objective 1 will indicate if it is feasible to determine relationships between river conditions and year-class strengths of predacious fish.  Objective 2 analyses will result in preliminary modeling of the effects of changes in river conditions on habitat for predacious fish species as well growth of these species.  Successful completion of preliminary sampling (Task 3a) will be critical to the design of a longer-term sampling plan.  

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, and by staff of the Columbia River Investigations (CRI) Program of the Oregon Department of Fish and Wildlife.  The CRRL office is in Cook, WA, and the CRI office is in Clackamas, OR.  These facilities are all suitable for program needs relating to office, laboratory, and storage needs.

The 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 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 (SAS, Excel, SigmaPlot, rBase, Statgraphics, ARCInfo, ARCView, etc.).
The CRI Program includes 13 permanent or long-term staff, and up to 20 seasonal workers.  The CRI has a fleet of 8 boats up to 26’, including 3 electrofishing boats.  All boats are equipped with appropriate safety equipment and operators are trained through the State of Oregon  boat operators program.   Most boats are equipped with GPS and state-of-the-art navigational instruments. The CRI Program has been conducting predation-related research in the Columbia River since 1982.  Other work conducted by CRI staff includes white sturgeon research, monitoring and evaluation, studies of the effects of channel deepening on smelt, and evaluations of the relationships between habitat types and fish populations in the lower Willamette River.  Offices are equipped with modern personal computers, an in-house network, and software for statistical, modeling, and spatial analyses (SAS, SigmaPlot, ARCInfo, etc.).
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Section 10 of 10. Key personnel

This project would be a collaboration between USGS Columbia River Research Laboratory and ODFW Columbia River Investigations.  Agencies would have separate BPA contracts (to reduce subcontracting costs and paperwork), but work would be collaborative.

Personnel, Title, FTEs this project, and key duties:

James H. Petersen, Ph. D, Research Fishery Biologist, 0.3 FTE, Co-Principal Investigator, development and application of spatial models, data analysis, sampling design.

David L. Ward, Program Leader, 0.3 FTE, Co-Principal Investigator, overview of retrospective analysis, field methods, sampling design.

Dena M. Gadomski, Research Fishery Biologist, 0.4 FTE, development of spatial models for spawning behavior, growth, and survival of juvenile predators, sampling of early life history stages.
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U.S. Geological Survey-Western Fisheries Research Center

Columbia River Research Laboratory

5501A Cook-Underwood Road

Cook, WA  98605
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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.

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.
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Degree and Date Received
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Ph.D.   Marine Ecology, 1983

University of Queensland, Australia

Rotary Fellowship, 1976

Boise State University, Boise, Idaho

B.S.     Biology, 1975

Expertise:  Predator-prey dynamics, bioenergetics, fish behavior, and application of various modeling techniques to fisheries.
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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.
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Clackamas, OR  97015
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Oregon Department of Fish and Wildlife, 17330 S.E. Evelyn St., Clackamas, OR.  (1) Program Leader for Columbia River Investigations Program (1998-Present):  Coordinate activities of ongoing departmental and interagency projects, identify needs for and develop future projects, provide technical oversight to and supervise program staff.  (2) Project Leader: Evaluation of the Northern Pikeminnow Management Program (1991-98).  (3) Project Leader: Portland Harbor Study (1988-91).  (4) Project Biologist and Technician on various studies (1984-87).
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Coordinated and integrated activities of cooperating agencies, hired and supervised staff of project leaders, project biologists, and seasonal workers, designed field and laboratory sampling plans, analyzed wide variety of biological data, authored, edited, and reviewed scientific reports and peer-review articles; organized personnel from cooperating agencies to give symposia at fisheries conferences; developed and submitted proposals for numerous research projects to various funding sources; direct experience with methods and gears associated with habitat and fish surveys in streams, rivers, lakes, and reservoirs.
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Ward, D. L., and M. P. Zimmerman.  1999.  Response of smallmouth bass to sustained removals of northern pikeminnow in the lower Columbia and Snake rivers. Transactions of the American Fisheries Society 128:1020-1035.
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Columbia River Research Laboratory
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Cook, WA  98605
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Oregon State University,                 

College of Oceanography                M.S. Biological Oceanography         
1983
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Current Employment: Research Fishery Biologist. U.S. Geological Survey, Columbia River Research Laboratory, Cook, WA, 1990-present.  My primary expertise is studying the ecology of larval and juvenile fishes.  I am involved in projects describing species assemblages and temporal and spatial distributions and abundances of young-of-the-year fishes in reservoirs and free-flowing reaches of the Columbia River and its tributaries. I am part of a team assessing physical and biological factors which influence the ecology and survival of white sturgeon in the Columbia River Basin.  I also serve as part-time lab editor, and ESA Permit Coordinator.
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