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a. Abstract 
Banks Lake once supported a popular and successful fishery for kokanee and various warmwater panfish that has declined in recent years.    The limiting factors for these and other species need to be determined if Banks Lake is to maximize its contribution as a fishery providing harvest as mitigation for the loss of anadromous salmon above Chief Joseph and Grand Coulee Dams.  The limiting factors to be examined include water quality, habitat, food limitation, predation, and entrainment.  We need to link environmental conditions to habitat use to understand the physical and chemical limitations of the system.  We will estimate zooplankton biomass and production to establish the potential of the forage base and carrying capacity for various planktivorous fishes.  Predator prey interactions between piscivore and prey-fish will be quantified through diet analysis and bioenergetics modeling.  The potential loss of sportfish through the irrigation and hydroelectric facilities will be monitored to understand which species and size classes are likely gained and lost during hydrooperations.  Finally, substrate type, habitat complexity, littoral productivity, and spawning success will be determined before and after the summer drawdown period to assess impacts of the proposed change in hydro operations outlined in the 2000 NMFS Biological Opinion.  Finally, we will provide management recommendations to WDFW and BPA regarding harvest, slot limit, stocking numbers and timing.  The goal these actions will be to maintain a quality fishery for large predatory species (walleye, bass, and burbot) while simultaneously increasing panfish and salmonid harvest opportunities.  

b. Technical and/or scientific background
The structure and function of aquatic food webs are controlled by complex spatial, temporal, and size-related interactions within and among trophic levels (Kerfoot and Sih 1987; Carpenter 1988; Polis and Winemiller 1996).  To determine which processes regulate populations within the Banks Lake food web, strong interactions need to be identified and quantified at appropriate temporal, spatial, and ontogenetic scales (Paine 1988).  By using this conceptual framework, researchers and managers can assess the relative importance of walleye, bass, and burbot predation, competition and food limitation between recruiting kokanee, rainbow trout, and various panfish and environmental factors in regulating different species or life stages, and they can gain insights into the mechanisms underlying these interactions as well as the conditions that mediate them (Brandt and Hartman 1993; Schindler et al. 1996).  

Food limitation and/or competition can limit fish populations in lakes and reservoirs (Schneidervin and Hubert 1987; Griffith 1988; Persson and Grenberg 1990; Tabor et al. 1996). Rainbow trout and kokanee commonly rely on zooplankton, specifically large Daphnia, as a major food source in many western lakes and reservoirs (Galbraith 1967; Eggers 1982; Schneidervin and Hubert 1987; Beauchamp 1990; Beauchamp et al. 1995; Paragamian and Bowles 1995; Teucher and Luecke 1996; Luecke and Teuscher 1994; Tabor et al. 1996; Cichosz et al. 1997; Baldwin et al. 2000).  When oligotrophic systems such as Banks Lake (assumption based on status of water received from Lake Roosevelt) are artificially supplemented with large numbers of planktivores, there is potential to over exploit zooplankton biomass (Dettmers and Stein 1996).  Several approaches have been used to evaluate food limitations in fish populations.  Fish expressing slow growth and low relative weight, when compared to a regional standard, were considered food limited in many studies (Wege and Anderson 1978; Murphy et al. 1991; Marwitz and Hubert 1997).  Small invertebrate prey size has also been used to indicate food limitation for fish predators (Mills and Forney 1983; Crowder et al. 1987).  Bioenergetics modeling is a mechanism that allows researchers to relate fish consumption demand to the temporal supply of major prey items and identify potentially limiting linkages in the food web (Stewart et al. 1981; Beauchamp et al. 1995; Hartman and Brandt 1995; Baldwin et al. 2000).  Juvenile growth and recruitment success may be influenced by temporal availability of Daphnia.  Similarly, quantifying seasonal patterns in piscivory and the size relationships of predator and prey fishes enables researchers to evaluate how piscivory contributes to mortality in prey populations (Stewart et al. 1981; Juanes 1994; Cartwright et al. 1998; Baldwin et al. 2000).

Top predators such as walleye, bass, northern pikeminnow, burbot and others can have a substantial impact on forage fish populations in many systems (Stewart et al. 1981; Lyons and Magnuson 1987; Rieman et al. 1991; Vigg et al. 1991; Yule and Luecke 1993; Knight and Vondracek 1993).  Bioenergetics modeling has proven effective for quantifying the impact of predators on prey populations (Ney 1990; Yule and Luecke 1993; Beauchamp et al. 1995; Hartman and Brandt 1995; Baldwin et al 2000). The depletion of fish prey is most common for introduced fish assemblages in reservoir settings where drawdown increases vulnerability of prey fish (McMillan 1984; McMahon and Bennett 1996).   Quantifying the link between predator and prey fishes may be an important step in understanding and managing the Banks Lake Fishery.  Banks Lake contains a population of burbot that stands to benefit from increased salmonid and centrarchid populations.  Diet data from Lake Roosevelt has shown that burbot feed on both rainbow trout and kokanee following hatchery and net pen releases in early summer and fall (WDFW, unpublished data).  This project will also determine the distribution, catch rate, and relative abundance of burbot in Banks Lake; valuable information on a sensitive, native and unique species.  

Fish distribution and habitat use are restricted by fixed physiological constraints that limit the geographical distribution of particular species.  Fish can cope with suboptimal conditions in certain systems using behavioral adaptations such as occupying thermal refugia or foraging for short periods in lethal environments (Rahel and Nutzman 1994; Snucins and Gunn 1995).  It is important to relate fish distribution to the physical and chemical domain in which they are operating to identify spatial or temporal stresses.  Conversely, if fish are occupying physical zones that are suboptimal then behavioral mechanisms to maximize feeding or avoid predation may be identified (Clark and Levy 1988; Luecke and Teuscher 1994).  Banks Lake is relatively shallow (less than 30 m) for kokanee and if summer stratification is not extensive, then high summer temperatures may limit suitable habitat.  

Entrainment has been identified as a substantial source of lost juvenile fish in many reservoirs (Boreman and Goodyear 1988; Travnichek et al. 1993; LaCaire, unpublished data).  Immigration and emigration of fishes in a system can alter biological interactions by influencing the strength or abundance of individuals within a trophic level.  There are 12 pumps (6 reversible) between Lake Roosevelt and Banks Lake that can add fish to Banks Lake when pumping to provide irrigation water, or remove fish when generating electricity.  Additional fish can be lost through the Dry Falls hydroelectric project.  A barrier net is in place to keep fish away from the project, however, it is not regarded as an impassable barrier and the extent that fish pass it has not been determined.    

c. Rationale and significance to Regional Programs
The Banks Lake project directly addresses the overall goal for the Sub-basin, “to manage the myriad of native and non-native habitats and associated species to provide fish and wildlife harvest opportunities in the Lake Roosevelt Subbasin, which include the many area lakes and their subbasins used to achieve on and off-site mitigation for the loss of anadromous fish.”.  Banks Lake is a ten thousand hectare impoundment with a diverse fish community, ample access for recreation, and close proximity to several state highways.  It is an excellent location to provide resident fishing opportunities as offsite mitigation for the loss of anadromous fishes above Chief Joseph and Grand Coulee Dam.  Limiting factors for stocked salmonids and naturally recruiting panfish need to be examined if Banks Lake is to maximize its contribution to fish and wildlife harvest opportunities in the Lake Roosevelt Subbasin (NWPPC Fish and Wildlife Program section 10.1 and 10.2A.1). The value of fisheries such as Banks Lake is to replace lost fishing opportunity for the public and act as a buffer to increasing and continued angling pressure on unlisted native stocks. Pressure is removed from the unlisted native stocks while a fishery harvest is maintained.  Burbot in Banks Lake also deserve our conservation efforts. Burbot represent a crossover species (similar to white sturgeon, redband rainbow trout, and westslope cutthroat trout) because they have sport fishing and inherent value as a native species to the Columbia Basin.  

d. Relationships to other projects 
This project would monitor and evaluate the hatchery stocking of kokanee from Ford Hatchery and the Spokane Tribal Hatchery (project # 199104600).  The Ford Hatchery has also submitted a new project for renovations and increased production, most of which would go into Banks Lake.  The evaluation outlined in the Ford Hatchery proposal includes a creel survey, however, several other important questions regarding the fishery cannot be answered with a creel survey.  The Banks Lake project will determine if the fishery is underutilized and what the appropriate level of salmonid supplementation is for Banks Lake.  We will determine the limiting factors for both stocked salmonids and recruiting panfish and provide the necessary information for sound management decisions to maximize the fishery in Banks Lake.  Even without additional input from the Ford or Spokane Tribal Hatcheries this project is consistent with the Northwest Power Planning Councils program section 10.  Additionally, we will evaluate the additional 5-10 feet of drawdown being proposed for the 2000 Biological Opinion and its impact on the Banks Lake fishery.  The proposed research would also be directly related to the Lake Roosevelt Fisheries Evaluation Program (199404300) since Banks Lake receives water (and fish) from Lake Roosevelt.  It would provide information regarding the loss of fish from Lake Roosevelt including those released by the Sherman Creek Hatchery (199104700) and Lake Roosevelt Rainbow Trout (199500900) and Kokanee (200001800) net pen programs.  This project will also be closely tied with the Moses Lake project (199502800) and the WDFW warmwater research program and will involve extensive sharing of equipment, data, and expertise.  A preliminary warmwater survey is scheduled to occur in late September 2000 and the information will serve as a starting point for this project.  

e. Project history (for ongoing projects) 

(Replace this text with your response in paragraph form)

f. Proposal objectives, tasks and methods
Overall Objective:  Maximize the nearshore and offshore fishery of Banks Lake for various sportfishes including kokanee, rainbow trout, yellow perch, walleye, small- and largemouth bass, crappie, perch and burbot.  Further refinement of this objective to species specific abundance goals, harvest, and angler effort will require some level of data collection to understand the biological interactions and carrying capacity of the system.  This overall objective will be achieved through a series of studies that seeks to determine the limiting factors for various fish species (or groups of species). Provide management recommendations to WDFW and BPA regarding harvest, slot limit, stocking numbers and timing to meet the potential of the Banks Lake fishery.  Provide annual progress reports covering activities and information collected during each fiscal year.  At the end of year 3, prepare a summary report that incorporates multi-year data trends and bioenergetics modeling results in manuscript format for submission to a primary literature journal.

Objective 1.  Determine what factors limit the recruitment of hatchery-stocked kokanee, rainbow trout, and panfish (yellow perch, crappie and bluegill) to the Banks Lake Fishery.  

Hypothesis 1.1:  Recruitment of stocked kokanee and rainbow trout in Banks Lake is low and few fish are available for harvest. 

Hypothesis 1.2:  Natural recruitment of kokanee in Banks Lake is low and few fish are available for harvest.  We are assuming that rainbow trout cannot reproduce in Banks Lake due to lack of suitable tributaries, and therefore will not pursue their potential success.

Task 1-a.  Compare kokanee and rainbow trout harvest to reservoir-wide abundance to determine if the population is underutilized or overexploited.  

Methods 1-a: 
Harvest estimates will be obtained from the Ford Hatchery Improvement Project creel study, or generated by a similarly designed study within this project if the Ford Hatchery Improvement Project is not funded.  Kokanee abundance will be estimated by extrapolating mobile hydroacoustic density to reservoir volume.  Survey design will be consistent with standardized methods, modified to the specific conditions and data requirements of Banks Lake (Brandt 1996; Ransom et al. 1999).  Initially, surveys consisting of 20 offshore acoustic transects will be conducted once each season (spring, summer and autumn) and species composition surveys will include gill nets, purse seines, and midwater trawling until the most efficient protocol for a defendable estimate is established.  With 100 % marked fish from the hatchery and adequate species composition data the acoustic abundance estimates will also provide abundance of naturally recruiting kokanee.  Rainbow trout abundance may be difficult to obtain with hydroacoustics depending on distribution, behavior, and sampling conditions.  Alternative methods, such as test fisheries or limited but intensive creel surveys may be necessary to evaluate the success of the rainbow trout supplementation.  For panfish we will develop an index that relates catch rate from the littoral zone sampling methods to harvest in the creel.  Statewide warmwater sampling methods will be used so that Banks Lake can be evaluated relevant to local and regional standards (Fletcher et al.1993).

Hypothesis 1.3: Temperature and dissolved oxygen conditions do not limit kokanee, rainbow trout, and panfish distribution and growth in Banks Lake.  

Task1-b.  Determine if physical and chemical conditions are suitable for kokanee,

rainbow trout and panfish in Banks Lake.

Methods1-b:  Measure water quality parameters from the surface to the bottom of the reservoir at 5 offshore sites and 5 nearshore sites on a bi-weekly basis.  Compare results to literature values for dissolved oxygen and temperature preferences and physiological tolerances.  Relate fish distribution to water quality parameters to determine behavioral reactions to unfavorable conditions.  Kokanee distribution will be determined with offshore sampling techniques outlined in “Mehods 1-a”.  Growth (length- and weight-at-age) will be determined by scale, otolith, and/or length frequency analysis.  The relative weight and length-at-age of spawners (kokanee) will be used to compare growth to other systems in the region and throughout western North America (Murphy et al. 1991; Hyatt and Hubert 2000). 

Hypothesis 1.4:  Zooplankton biomass and production are adequate to support consumption by stocked salmonids and naturally recruiting panfish. 

Task 1-c.  Determine if zooplankton production is adequate to support hatchery

supplementation at current and projected levels.  Predict the additional number of

kokanee, rainbow trout and panfish that can be supported by  Banks Lake zooplankton

population.

Methods 1-c:  Measure zooplankton species composition, density and biomass at 5 sites along the reservoir, using standard methods of collection.  Determine if zooplankton production is limited by bottom-up or top-down influences based on size structure and species composition (Brooks and Dodson 1965).  Estimate the consumption demand of stocked kokanee with a bioenergetics model (Hanson et al. 1997) and compare to available zooplankton biomass. Kokanee diet, growth and thermal experience will be determined from samples obtained in “Task 1-a”.  Once the biomass of edible size and species of zooplankton is established, we will use the bioenergetics model to predict the additional number of ages 1-4 kokanee that can be supported.

Hypothesis 1.5:  Piscivore consumption does not limit the recruitment of hatchery-stocked kokanee rainbow trout and panfish in Banks Lake.

Task 1-d. Determine if predation by walleye, bass, and other piscivores (pikeminnow,

Burbot and rainbow trout) limits recruitment of hatchery-stocked kokanee, rainbow trout

and panfish.

Methods d: Determine the proportion of kokanee in piscivore’s diet once each season and for several weeks following hatchery releases and use a bioenergetics model to quantify the consumption of kokanee prey.  Nearshore electroshocking and gill net sites will be established and surveyed during each season to determine species composition, diet, growth, and thermal experience of nearshore fish for bioenergetics modeling efforts.  Standard methods used by WDFW warm water research crews will be applied to the nearshore sampling regime (Fletcher et al. 1993).  Piscivores captured during offshore sampling (Task 1-a) will be analyzed for diet content.  The blotted-dry wet weight proportion of each diet taxon will be determined and averaged within each species and season.  The model will extrapolate between sampling dates except when fine scale diet information is available such as during stocking events.  Following each major stocking event we will capture piscivores by boat electroshocking and gill netting to determine the proportion of kokanee (and other diet taxon).  Piscivore diets will be monitored for 4 consecutive days following the release and at 1-week intervals for 4 weeks.  This information will be incorporated into the annual bioenergetics modeling of the seasonal diet of piscivores to estimate a total impact to stocked kokanee.  Abundance estimates for piscivores (age-2 and older) will be necessary to quantify predator consumption estimates.   A Petersen mark-recapture estimate will be used to estimate the population size for walleye and small- and largemouth bass (Otis et al. 1978).  Fishing tournaments and seasonal nearshore sampling surveys will be used as mark and recapture events.  If sample sizes of recaptures are not adequate during these events for within year closed estimates then an open population model (Schnabel estimate) will be adopted which can incorporate unknown mortality and recruitment into the population.

Hypothesis 1-6: Substantial numbers of stocked kokanee, rainbow trout, and other sport fishes are not present in the North Dam Canal or behind the barrier net adjacent to Dry Falls hydroelectric facility.

Task 1-e.  Determine species composition and size structure of fish populations in the North Dam Canal and behind the barrier net.

Methods e:  Use gill nets, fyke nets, and electrofishing boats to determine species, size, and potential fish lost through the pumping and hydroelectric facilities each season. Sample each location for 4 consecutive days and nights, before and after pumping procedures.  Based on results, explore feasibility of sampling within each of these projects to quantify the abundance of fish that are lost. 

Hypothesis 1-7:  Panfish abundance is not limited by spawning and summer survival of YOY.

Hypothesis 1-8:  Panfish abundance is not limited by overwinter survival of age-0 fish.

Task 1-f: Conduct electrofishing, fyke net, beach seine, and gill net surveys consistent with the WDFW warm water sampling protocol (Fletcher et al. 1993) to determine species composition, catch rate, relative weight, condition, age structure, growth, diet, and other biological characteristics of the littoral zone fish community.  Compare fall and spring catch rates of age-0 panfish to determine the timing of the recruitment bottleneck, if one occurs.  Examine the condition of age-0 panfish from the fall sample and compare to literature values of critical mass needed for overwinter survival.  Model consumption estimates for piscivorous walleye, bass, and others to estimate impact of predators on overwinter survival.

Objective 2.  Evaluate the impact of summer drawdown to littoral habitat structure, invertebrate productivity, and warmwater fish spawning success.

Hypothesis 2-1:  A summer drawdown of 5-10 feet will not reduce the habitat type or complexity of the littoral zone.

Hypothesis 2-2:  A summer drawdown of 5-10 feet will not reduce the primary and secondary productivity of the littoral zone.

Hypothesis 2-3:  A summer drawdown of 5-10 feet will not reduce the spawning success of warmwater sport fishes in Banks Lake.

Task 2-a:  Subcontract a graduate student from a University to set up and conduct an experiment to measure “before and after” effects of the summer drawdown on littoral habitat type and complexity, primary and secondary productivity, and spawning success of warmwater sport fishes.

Objective 3.  Provide management recommendations for catch rates, bag and slot limits, hydro operations and stocking rates, timing, and species.  The goal these actions will be to maintain a quality fishery for large predatory species (walleye, bass, and burbot) while simultaneously increasing panfish and salmonid harvest opportunities.  

Task 3-1:  Assimilate data and publish in report and manuscript format.  Present information to managers, scientists, and public interest groups to foster an understanding by all entities the strengths and limitations of Banks Lake for particular species or fish assemblages.   

g. Facilities and equipment

Much of the sampling equipment necessary for this project have already been purchased by other projects working in the subbasin or within WDFW.  The boat, hydroacoustic equipment, and personnel necessary to sample offshore fish are currently working on the Lake Roosevelt Monitoring Project (199404300) and could split time and effort between these two waters.  Likewise, the electroshocking boat used on the Restore Moses Lake Recreational Fishery Project (199502800) (or one of several other shocking boats in the region) will be used to sample nearshore fish.  These equipment sharing opportunities represent a means of working in a cooperative and efficient manor within the province and sub-basin, minimizing capitol equipment expenditures for a new project.  On site office space is needed for several people and storage for supplies and equipment; this will require a lease or an agreement with USBR as a cost-sharing cooperative effort.  An 18’ boat and 90 hp motor will need to be purchased to collect water quality, zooplankton, and conduct portions of the gill net surveys.   Further savings will be attained by using a surplus truck within WDFW, this will require spending a fair amount of money for repairs, but saving many thousands of dollars compared with a GSA lease or purchasing a new truck.  WDFW also has underwater video equipment and personnel expertise that can be attained for portions of the project. 
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Principal Investigator:

Casey M. Baldwin

Washington Department of Fish and Wildlife, Inland Fish Investigations

8702 N. Division St., Spokane, WA 99218

Work  (509) 921-2303  GOTOBUTTON BM_1_ baldwcmb@dfw.wa.gov
Home (509) 464-0305  GOTOBUTTON BM_2_ cslbaldwin@uswest.net
EDUCATION

M.S. Fisheries 1998 Utah State University, Logan Thesis: Strawberry Reservoir Food Web Interactions.  (GPA 3.71; Awarded “Outstanding MS student for 1998”) 

B.S. Biology 1995 (minors Chemistry and Geology) Adams State College Alamosa, CO  (GPA 3.89)

WORK EXPERIENCE
Research Scientist I / Fish Biologist 2 (November 1999-present/March 1998-November 1999) Washington Department of Fish and Wildlife, Inland Fish Investigations, Spokane, WA.  Duties: Project leader for Lake Roosevelt Pelagic Fish Project/Creel Study. Planning, coordination, experimental design, implementation and report writing for contract with the Spokane Tribe of Indians/Lake Roosevelt Fisheries Evaluation Program. Supervise 1 biologist and 1-3 technicians.  Also see RESEARCH ACTIVITIES.

Graduate Research Assistant (October 1995 to March 1998) Utah Cooperative Fish and Wildlife Research Unit, Utah State University, Logan, UT.

Duties: see RESEARCH ACTIVITIES

RESEARCH ACTIVITIES
Develop bioenergetically-based food web models to compare temporally and spatially-explicit estimates of consumption demand to prey supply for salmonids, percids, centrarchids, cyprinids, and burbot.  Determined carrying capacity estimates based on fish consumption and zooplankton biomass.  Bioenergetics modeling of piscivore consumption to evaluate seasonal and stocking losses of salmonids (rainbow trout, kokanee, cutthroat trout) to piscivores (walleye, burbot, smallmouth bass, cutthroat trout, and northern pikeminnow).  Determined relative impacts of each piscivore species and size class on stocked salmonids by defining spatial, temporal, and size relationships between predator and prey.  Provided seasonal pelagic fish abundance estimates by performing hydroacoustic, gill net, and midwater trawl surveys. Evaluated vertical, horizontal, and diel distribution in relation to water chemistry, available forage, and entrainment (through Grand Coulee Dam).  Monitor adfluvial Bear Lake cutthroat trout movements in Strawberry Reservoir using ultrasonic tracking with depth sensing transmitters, differentially corrected GPS, and an acoustically generated bathymetric map.  Other experience includes but is not limited to; zooplankton collection and identification, fish diet analysis, seasonal monitoring of in-reservoir physical and chemical parameters, egg removal and milting of cutthroat trout and kokanee, surgical implantation of ultrasonic transmitters, boat, bank, and backpack electroshocking, use of net pens for growth experiments and as holding structures, spray marked fingerling cutthroat trout, floy tagged fingerling rainbow trout, extracted and read coded wire tags from kokanee, midwater trawling, aerial creel survey, beach seining, GPS navigation, and sturgeon egg deposition surveys. 

PUBLICATIONS AND REPORTS

Baldwin, C. B., D. A. Beauchamp, and J. J. VanTassell.  2000.  Bioenergetic assessment

            of temporal food supply and consumption demand by salmonids in the Strawberry

            Reservoir food web.  Transactions of the American Fisheries Society  129:429-

            450.

Beauchamp, D.A., C. M. Baldwin, and  J. L. Vogel. 1999.   Estimating diel, depth-

            specific foraging opportunities with a visual encounter rate model for pelagic

            piscivores.  Canadian Journal of Fisheries and Aquatic Sciences.  Supplement 1.

           56:128-139.  

Baldwin, C. M., M. Polacek, and S. Bonar.  1999.  Washington Department of Fish and

           Wildlife Lake Roosevelt Pelagic Fish Study, 1998.  Lake Roosevelt Monitoring

           Program annual report,  contract number 94BI32148. 
            Baldwin, C. M., and D. A. Beauchamp 1997.  Production and survival of game fish in Strawberry Reservoir: Food web interactions with implications for estimating carrying capacity.  Utah Cooperative Fish and Wildlife Research Unit Annual Report, Logan, UT. 


              Ruzycki, J. R., D. A. Beauchamp, and C. M. Baldwin 1996.  Examination of factors influencing the estimation of carrying capacity of Strawberry Reservoir for salmonids.  Utah Cooperative Fish and Wildlife Research Unit Annual Report, Logan, UT. 

10 presentations (August 1997-May 2000) at professional or public meetings/conferences on various fisheries research topics.
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