Response to ISRP Comments (“fix-it loop”)

Project #200102800


Project Title: Banks Lake Fishery Evaluation Project
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SUMMARY: The project sponsor strongly believes that the ISRP review did not adequately evaluate this proposed project. The main identified problem was associated with walleye (Sanders vitreus), bass (Micropterus spp.), and burbot (Lota lota) predation on kokanee.  Bass and burbot predation is insignificant and the low relative abundance of walleye has had minimal predatory impacts.  We can find no literature to support their conclusion that these species are not compatible (except in FDR Lake where precocity and entrainment also limits kokanee), especially considering the marginal habitat conditions for walleye (extensive water clarity) in Banks Lake. Our data as cited in the proposal supports the hypothesis that the kokanee population is increasing and that predation levels reported are much less than would be limiting the kokanee population. Specific comments are addressed below.

1. ISRP Comment: “This proposal is for adding an “implementation phase” to the past investigations of Banks Lake fishery potential, in which the sponsor would try to boost production by creating an artificial spawning channel for the lake.  The ISRP considers the kokanee plan scientifically unsound and thus not fundable because the sponsor maintains major fisheries for walleye and bass in the lake (as well as burbot population) and all of these species prey on kokanee”.

SPONSOR Response: Walleye and bass fisheries do occur in Banks Lake. Normally, the presence of these species plus the existence of burbot would be a deterrent to kokanee enhancement as the ISRP suggested. However, our past 4-years of studies in Banks Lake have shown that bass predation on kokanee is negligible, representing less than 1% of their overall diet. Second, burbot are a relatively rare species in the lake having a relative abundance value that is less than 0.2%.  Moreover, kokanee have never been identified as a prey type for Banks Lake burbot so future impacts of this species on kokanee are expected to remain low. Third, abundance of walleye in Banks Lake is very low, compared to other Washington walleye lakes. For example, the density of walleye in Moses Lake is over an order of magnitude higher.  Apparently the relatively high water clarity of Banks Lake is limiting the abundance of this species in the lake. Consequently, even though walleye do prey on kokanee in Banks Lake their impact is not great enough to impair the development of a viable kokanee population and fishery. Prior to the advent of our kokanee enhancement project, fisheries for this species did not occur in Banks Lake. Because of our kokanee work fisheries for this species are now occurring on Banks Lake and we have seen large numbers of adult kokanee returning to parts of the lake where they were released as juveniles.  Consequently our data show that the ecological conditions in the lake will allow for the successful creation of an important kokanee fishery. Currently, we have juvenile kokanee that were released into the lake at different times and sizes and these fish have received thermal otolith marks making it possible to identify their release treatments. Sampling fish from the creel and from adult aggregations will allow us to evaluate the release strategies that have produced greatest number of harvestable kokanee. We hope to use this information to continue our efforts to enhance the Banks Lake kokanee fishery.  

2. ISRP Comment: “The project’s studies to date have shown that predation by walleye is a limiting factor for kokanee in the lake.  Bass are even more abundant than walleye and may be another major predation source.  The Narrative p 8 (near bottom) states: “Predation has been identified as the predominate factor affecting survival of kokanee in Banks Lake.  Annual kokanee losses to walleye predation are 13-17% (Polacek et al. 2004); however, this is a conservative estimate since acute predation occurs during stocking events (Polacek, unpublished data).”  However, it is said at the end of the Abstract that an overall project goal is to “maintain quality fisheries for walleye (Sanders vitreus), bass (Micropterus spp.), and burbot (Lota lota).”  It is indicated on p 2 that smallmouth bass about 3 times more abundant than walleye, but the effect of smallmouth bass on kokanee is not mentioned in the project history”.

SPONSOR Response:  Predation by walleye has been identified as the leading cause of mortality for kokanee in Banks Lake; however, the estimated piscivory losses of 13-17% represents age-0 kokanee (mean length = 77 mm ( 4 (2SE)), which is negligible compared to effects on older fish, which would be significant (Dr. David Bennett, personal communication).  Despite predation, the kokanee population has increased in abundance since 2001.   Historic and current walleye predation rates have most likely remained static since kokanee stocking has been at a consistent level since the late 1980’s.  The project sponsors attribute the increase of kokanee abundance to alternative hatchery rearing and release strategies compared to historic practices.  The increase in kokanee abundance has resulted in a kokanee fishery, which has not occurred on the lake since the 1980’s when kokanee abundance began to decline.  Harvest has increased from 0 in 2002 to over 2,500 in 2004 with limited angling pressure.  An abundance increase was also apparent from an increase in relative abundance (0.5% in 2000 to 11.4% in 2004), gill net catch rates (0.3 in 2000 to 6.9 in 2004), electrofishing (0.3 in 2000 to 9.8 in 2004), and hydroacoustic surveys (115,000 in 2002 to 178,000 in 2004) (unpublished trend data).

Past studies performed by the project sponsors have shown that walleye and bass fisheries can occur concurrent with a quality kokanee fishery.  As mentioned above, the walleye population in Banks Lake is relatively small compared to those in the other 5 walleye lakes in Washington State.  In 2001, the WDFW implemented an annual Fall Walleye Index Netting (FWIN) project to better understand walleye populations in Washington State.  Gill net catch rates are used to monitor year class strength and the overall population over time.  Banks Lake consistently has the lowest catch rates (3 fish per net) compared to the other studied lakes (low to high range – Lake Roosevelt (6 walleye/net; Moses Lake (35 walleye/net).  Additionally, the water clarity of Banks Lake is not optimal for walleye production, with average secchi depths of 7 m (optimum for walleye production is 2 m) (Lester et al. 2004).  Results of the FWIN surveys for Banks Lake, along with results from past studies will be used to adjust walleye regulations (increase bag limits and/or remove protective slot sizes) if predation is a controlling factor.  The smallmouth bass fishery is currently the most popular on Banks Lake because of their relative abundance and large size; however, their impact on kokanee is negligible.  Current creel studies indicate that a burbot fishery is almost non-existent, most likely due to their low abundance.  The data and results acquired from past studies indicate that Banks Lake contains piscivores, but their impacts on kokanee have not prevented the recent increase in kokanee abundance and the beginning of a popular sport fishery.  

Completion and analysis of our current release strategy studies (will be complete in FY2009 if project is funded) will indicate what rearing and release groups equates to the highest rates of fry to adult survival.  Hatchery practices can then be adjusted to implement the most productive release strategy.  Initial results from the first marked year class (age-2) indicated that 61% of recovered fish were from the fall release group and 41% of the fall release group was reared in net pens.  Age-2 and age-3 kokanee will be collected in the fall 2006 and collections would occur during subsequent years to obtain 3-years of data for age-3 fish (4 years of data for age-2’s).

3. ISRP Comment: “Moreover, even if the proposed artificial channel were to increase kokanee reproduction, a concentrated source of kokanee fry could attract walleye to the entry area.  In other words, the new production would just feed the existing predators.  The effort to manage for a significant kokanee fishery in the lake should halt, pending literature evidence from elsewhere that suggests kokanee can thrive in the face of predation by walleye and bass, species with which kokanee did not co-evolve”.

SPONSOR Response: The project sponsors now agree that a spawning channel is premature at this time since 3-year classes of marked kokanee are currently in the lake, a large component of the ongoing release strategy studies.  These year classes will indicate which current release strategies (spring fry, fall fry, or net pen releases) are contributing to the increase in kokanee abundance.  Therefore, we have eliminated objective 1 and work elements related to feasibility studies, construction, and monitoring and evaluation of the spawning channel and shoreline spawning habitat improvements.  The proposal is now reduced in scope and budget to conduct the following (changes in the narrative and sections 1-9):

· Since thousands of large kokanee (400 mm to 550 mm; mean fecundity of 1300 eggs per female) have returned to Northrup Creek for the past 3 years, and eventually experience post spawn mortality due to the absence of creek access and spawning habitat, we will work with staff of the Lake Roosevelt Fishery Evaluation Project and the Lake Roosevelt Hatchery Coordination Team to draft a kokanee brood stock and management document for the utilization of adult Banks Lake kokanee as an egg source to help supplement the needs of both the Banks Lake and Lake Roosevelt kokanee programs.  Brood stock collections will eliminate the reliance on the Lake Whatcom egg source, which will no longer be available in 2008, allowing Banks Lake to be self-sustaining, while providing eggs for other regional kokanee programs including Lake Roosevelt.  Continuation of current studies to determine the most successful kokanee release strategies for Banks Lake will enable managers to make appropriate changes to maximize fry to adult survival.

· Work with hatchery staff to collect adult kokanee by electrofishing in the Northrup Creek area and collect eggs to test the feasibility of using this method to obtain viable eggs.  Ovarian fluid will also be collected to continue disease-testing studies. 

· Collect and analyze the remaining marked year classes of kokanee through FY2009 (collections during creel and FWIN surveys).

· Continue creel survey to monitor the contribution of each release strategy to the creel, 

· Monitor fry to adult survival rates (currently 7-11%; much higher than those reported in Lake Roosevelt – less than 1%) via a single late summer hydroacoustic survey.

· Continue to monitor the walleye population through the WDFW FWIN surveys (FWIN surveys will also be used to monitor non-target taxa, including, but not limited to, bass and burbot).

· Continue to monitor secchi depths, water temperatures, dissolved oxygen levels from April through October at six limnetic index sites.

· Collect walleye diets during kokanee releases (spring and fall) to understand current data gaps of short-term acute predation, and estimate impacts with bioenergetics modeling, 

· Using data collected during the first 5 years of the project (diets, water quality, zooplankton density, composition and size), conduct comprehensive bioenergetics modeling simulations to predict possible predatory impacts using different scenarios of walleye abundance, and evaluate the impacts on the standing crop of edible zooplankton if the kokanee and/or whitefish populations increase in abundance,

The project sponsor conducted an extensive literature search, upon request of the ISRP, to locate literature indicating successful kokanee fisheries in the face of walleye and bass predation.  There was a lack of evidence in the literature where all three of these species overlap.  Lake Roosevelt is the only lake in the Pacific Northwest that has an extensive kokanee stocking program in the face of walleye and smallmouth bass, and harvest and escapement goals for hatchery kokanee have not been achieved (McLellan et al. 2004).  Rufus Woods has walleye and kokanee, but kokanee harvest is most likely supported by fish entrained from Lake Roosevelt.  Kokanee populations have thrived in systems co-inhabited by smallmouth bass.  In Washington State, Lake Whatcom contains bass and kokanee, and this lake reaches escapement goals to meet WDFW statewide kokanee egg allocation demands for Washington lakes.  Lake Chelan contains smallmouth bass, and is currently considered a kokanee brood lake because of the abundance of kokanee.  As discussed above, our studies have indicated that kokanee are not a forage fish for smallmouth bass, and that Banks Lake currently hosts a kokanee fishery in the face of relatively low walleye predation rates.  Whereas few gains have been made at FDR, the results at Banks Lake are very promising.

4. ISRP Comment: “In short, the proposal should clearly eliminate alternative hypotheses for low numbers of kokanee before accepting the alternatives that shortage of spawning habitat is the problem.  The ISRP recognizes that although it was mentioned in the proposal, a strategy of eliminating walleye and bass from the lake probably would be impractical from a management standpoint and undesirable for the lake’s present anglers.  It would be advisable for the sponsor henceforth to manage the lake as a fishery for walleye and bass, given the fact that those non-native species dominate the sport-fish community”.

SPONSOR Response:  Studies to date have eliminated several parameters that were once considered as possible limiting factors to kokanee in Banks Lake, including water quality, prey base, harvest, and entrainment from the lake.  Since our study began in 2002, water temperatures and dissolved oxygen have not reached lethal levels for kokanee, the average standing crop of Daphnia greater than 1.1 mm is 51%, harvest is increasing but not limiting, and entrainment was low (0.0-0.12 kokanee/10,000 m3) (Polacek et al. 2004).  Predation by walleye is the only factor identified to have a negative impact on kokanee. As indicated above this source of mortality is low and as a result kokanee abundance has increased along with a promising fishery. 

Predator eradication in large systems is most likely impossible but the reduction in predator abundance to levels where their impacts are insignificant can be accomplished through an increase in harvest (Zimmerman and Ward 1999), and manipulations to reduce the most piscivorous size classes.  The project sponsors have the ability to adjust angler regulations to increase harvest.  Currently, Banks Lake is actively managed for the control of smallmouth bass (due to their abundance) with a recent regulation change that is designed to increase overall harvest by number and allow harvest of smaller fish.  Walleye regulations can be adjusted if their impacts on kokanee are noticeably higher than current rates and project staff determine if natural mortality is higher that exploitation (using Fishery Analyses and Simulation Tools (FAST) Modeling).  

5. ISRP Comment: A detail: “The proposal’s method dealing with investigations of predation states: “Fish prey (from stomachs) will be identified to species…” but the sponsors present no study design for sampling the predators”.

SPONSOR Response: Walleye will be sampled with gill nets and boat electrofishing at randomly selected sites around kokanee release locations and lakewide during FWIN surveys in the fall.  Details of this design have been added to the modified narrative.
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FY 2007-2009 F&W Program Project Solicitation

Section 10. Narrative

Project ID:
200102800; ongoing project

Title: 
Banks Lake Fishery Evaluation Project



A. Abstract 
In 2001 the Bonneville Power Administration (BPA) funded the Washington Department of Fish and Wildlife’s (WDFW) Banks Lake Fishery Evaluation Project (BLFEP #200102800). The primary objective of this study was to determine the factors that limit hatchery origin kokanee (Oncorhynchus nerka) recruitment to the recreational fishery in Banks Lake. For the past 4 years, the BLFEP has collected baseline data with the goal of implementing changes in Banks Lake that would benefit the fish community and restore its kokanee fishery.  Banks Lake once supported a popular and successful fishery for kokanee in the 1970’s; however, extremely low angler catch rates in the early 1980’s greatly reduced angler satisfaction.  During the past few years kokanee escapement has increased, possibly due to the release and rearing strategies employed by the Washington Department of Fish and Wildlife, local state and tribal hatcheries and net pen volunteers.  Recent catch and harvest rates have been relatively high but angling pressure remains low.  Moreover, since 2003, thousands of adult kokanee have returned to a Banks Lake tributary, Northrup Creek.  Low water levels, stream morphology, and access to the creek has however, prevented the fish from using this area as a spawning location.  Given what we currently know about Banks Lake salmonids, WDFW proposes to implement a comprehensive M&E plan to help maximize the Banks Lake kokanee fishery and thereby provide a fishery to mitigate for the loss of anadromous salmon above Chief Joseph and Grand Coulee Dams. This plan will also include the continuation of analysis of differing kokanee release strategies and the compilation of a hatchery brood stock plan to collect adult kokanee broodstock at Northrup Creek for egg allocation needs of both Banks Lake and Lake Roosevelt.  This will reduce or eliminate the reliance on the Lake Whatcom egg source, which will no longer be available in 2008.  Concurrently, we will monitor predation rates by walleye (Sanders vitreus) during kokanee releases and make regulation changes if predation becomes a controlling factor. 

B. Technical and/or scientific background

Despite water level fluctuations averaging 4.6 m in the 1970’s (currently 1.5 m) and entrainment from the lake, Banks Lake once supported a successful kokanee fishery that was maintained by naturally reproducing shoreline populations (Stober and Tyler 1982).  In the 1970’s, kokanee egg and pre-emergent fry survival was reduced by an annual drawdown (up to 8 m below full pool) of the reservoir (Stober and Tyler 1982), and up to 75% of the kokanee were lost through entrainment (Stober et al. 1979).  As a result, the kokanee fishery began to decline and by the mid 1980’s kokanee were absent from the creel.  Despite the placement of a barrier net at Dry Falls Dam (1977) to reduce adult kokanee entrainment, a significant reduction in drawdown (~1.5 m as opposed to 8 m)(Bureau of Reclamation 2003; FCRPS Biological Opinion Remand 2004), and annual spring fry stocking programs by WDFW and Spokane Tribe of Indians (STI) (WDFW database), kokanee did not increased enough to sustain a successful fishery.    

Banks Lake and how it is operated has changed since the height of the kokanee fishery in the 1970’s (Stober et al. 1975, 1977, 1979, 1982).  Dry Falls Dam has been altered for power production so that current deep-water releases are made compared to the earlier surface spill gate design that was in place. The feeder canal now has six reversible pump power generating units compared to four, although water elevation changes are not as severe.  An increase in piscivore abundance over the past two decades with the introduction of smallmouth bass (Micropterus dolomieu) in 1981 and walleye in the 1990’s (WDFW, Region 2, unpublished data) have altered historic species composition.  Smallmouth bass have flourished compared to walleye with relative abundances of 19% and 6%, respectively (BLFEP, unpublished data).  Some or all of these changes may act as stressors to the kokanee population, and limit this species production potential in Banks Lake.       


Many factors can limit kokanee populations in reservoirs including exploitation (Fraley et al. 1986), food (Chipps and Bennett 2000), exploitative competition, abiotic water conditions (Hardiman et al. 2004; Maiolie et al. 1997), predation (Hardiman et al. 2004), and entrainment (Maiolie and Elam 1996, 1997).  In Banks Lake walleye piscivory has been identified by the BLFEP as the primary factor affecting kokanee survival. 

Predation: Top predators such as walleye, bass, and burbot can have a substantial impacts on forage fish populations in freshwater 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) including kokanee (Beauchamp et al 1995; Baldwin et al. 2003; Polacek et al. 2003).  Quantifying seasonal patterns in piscivory and size relationships between 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). Additionally, bioenergetics modeling quantifies 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 common in introduced fish assemblages in reservoirs where drawdown increases the vulnerability of prey fish (McMillan 1984; McMahon and Bennett 1996).   Monitoring annual predation effects and short-term acute predation during stocking events (Baldwin et al. 2003) will be an important step in evaluating the kokanee recovery projects being proposed for Banks Lake.

Competition: 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 (> 1.1 mm), 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; Baldwin et al. 2000).  When oligotrophic systems such as Banks Lake 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 (Hyatt and Hubert 2000), when compared to a regional standard, have been 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 limiting linkages in the food web (Stewart et al. 1981; Beauchamp et al. 1995; Hartman and Brandt 1995; Baldwin et al. 2000).  Juvenile kokanee growth and recruitment success may be influenced by temporal availability of Daphnia.  If the seasonal standing crop of Daphnia is insufficient to support the consumption demands of planktivores, then diets may shift to the smaller copepod (Chipps and Bennett 2000).  If the planktivore community relies on copepod prey for the majority of the year then lake fertilization and/or planktivore removal programs may be feasible enhancement efforts.

Tagging and marking are an important technique used to study individual aquatic animals for research and management (Wydoski and Emery 1983).  When salmonids are artificially incubated it becomes possible to place recognizable thermal marks in their otoliths. This method is referred to as “thermal” marking and extensive reviews of the procedure can be found in Volk et al. 1999 and 2005.  Many research and management applications of thermal mass-marking require the use of a number of unique patterns (Volk et al. 1994).  These unique patterns are used on the three different release groups of kokanee on Banks Lake to evaluate which treatment group equates to the highest fry to adults survival.  Once the studies are complete (FY 2009) hatchery releases will mimic the most successful release strategy, with the overall goal to increase kokanee abundance by increasing survival.  

C. Rationale and significance to regional programs

The BLFEP is related to two subbasin plans, the Upper Columbia (UC) and Crab Creek (CC).  Banks Lake was included in the UC Subbasin Summary (2000), but was placed in the CC Subbasin for planning purposes.  Although not part of the UC Subbasin, the management of Banks Lake is closely linked to the management of waters included in the UC Subbasin.  In addition, the BLFEP is mitigation for the UC Subbasin ((Northwest Power and Conservation Council (NPCC) 2006), p.29-5)). The Ford, Sherman Creek, and Spokane Tribal Hatcheries supplement kokanee into Banks Lake to restore and enhance the recreational and subsistence fishery impacted by the operation of Grand Coulee Dam (NPCC 2006, p.31-7), a strategy recommended by the Northwest Power Planning Council (NPPC) Fish and Wildlife Program (2000, p.17).  The WDFW, Spokane Tribe of Indians (STI) and Colville Confederated Tribe (CCT) form the interagency Lake Roosevelt Hatcheries Coordination Team (LRHCT) that set goals and objectives for the hatcheries and serve to coordinate kokanee and rainbow trout enhancement efforts on Lake Roosevelt and Banks Lake.


Banks Lake is directly affected by mainstem Columbia River operations at Grand Coulee Dam (KWA 2004, p.185).  It is part of the Bonneville Hydroelectric Project acting as a water storage reservoir for power production through six reversible power-generating (p/g) pumps in its feeder canals.  Annually in August, water is retained in the mainsten Columbia for flow augmentation for salmon (Lake Roosevelt) rather than pumped into Banks Lake.  This causes a 1.5 m drawdown that displaces fish from littoral habitats.  Stober et al. (1975) determined that fish entrain from Banks Lake into Lake Roosevelt as a result of the operation of the power generating units, and fish air bladders have been reported in high numbers in Lake Roosevelt when the p/g units are charged for power production (Steve Francis, CCT, personal observation).             

The overall vision for the Columbia River basin is an “ecosystem that sustains an abundant, productive and diverse community of fish and wildlife (NPPC 2000, p.13) while increasing harvest opportunities consistent with biological management practices” (NPPC 2000, p.14).  The NPPC (2000, p.16) indicates that mitigation is appropriate when fish and wildlife have been adversely affected by the development and operation of the hydrosystem. 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 (NPPC 2000, p.17).  

The BLFEP proposes will apply results from the first 4 years of baseline data collection to implement strategies to increase and enhance kokanee production (NPCC 2006, p.34-18) with the goal of increasing kokanee sportfish harvest (KWA, p. 186).  The monitoring and evaluation plan includes continuation of the creel surveys, water quality (NPCC 2005, p.106), monitoring acute walleye predation (NPCC 2005, p. 120)during kokanee stocking events, and finish evaluations of hatchery kokanee release strategies that are all identified as either objectives or data gaps in both subbasin plans (NPCC 2006, p.34-17, 34-19; KWA, p.185-186).

Since thousands of large kokanee (400 mm to 550 mm; mean fecundity of 1300 eggs per female) have returned to Northrup Creek for the past 3 years, and eventually experience post spawn mortality due to the absence of creek access and spawning habitat, we will work with staff of the Lake Roosevelt Fishery Evaluation Project and the Lake Roosevelt Hatchery Coordination Team to draft a kokanee brood stock and management document for the utilization of adult Banks Lake kokanee as an egg source to help supplement the needs of both the Banks Lake and Lake Roosevelt kokanee programs (BPA projects #199904600, #199904700, #200001800).  Brood stock collections will eliminate the reliance on the Lake Whatcom egg source, which will no longer be available in 2008 (KWA, p.186), allowing Banks Lake to be self-sustaining, while providing eggs for other regional kokanee programs including Lake Roosevelt.

  Banks Lake fisheries are extremely valuable because they replace lost fishing opportunity for the public and therefore reduce fishing pressure on listed and unlisted native fishes.  Burbot in Banks Lake also deserve scientific scrutiny. They are a crossover species (similar to white sturgeon (Acipenser transmontanus), redband rainbow trout (Oncorhynchus mykiss gairdneri), and westslope cutthroat trout (Oncorhynchus clarki)) because they have both sport fishing and native fish values.  Consequently, this project will continue to provide incidental data on the small burbot population in Banks Lake. 

D. Relationships to other projects

This project will continue to monitor and evaluate the stocking of hatchery kokanee from the Ford (project #200102900) and Spokane Tribal Hatcheries (project #199104600), and implement strategies to increase natural kokanee production.  The Banks Lake project will also determine if the fishery is underutilized and what the appropriate level of salmonid supplementation is for Banks Lake.  We will continue to evaluate acute walleye predation during kokanee stocking events, abiotic lake conditions, and exploitation with creel surveys (kokanee prey base and entrainment have been studied and determined to not limit kokanee production).  Results will help managers make sound management decisions about how best to maximize the fishery in Banks Lake, and other systems where applicable.  Even without the addition of kokanee from the Ford or Spokane Tribal Hatcheries this project is consistent with the NPPC’s 2000 Fish and Wildlife Program.  Furthermore, we will evaluate the impact of an additional 5-10 feet of drawdown requested by NMFS in the 2004 Biological Opinion Remand (FCRPS 2004).  The proposed research would also be directly related to the Lake Roosevelt Fisheries Evaluation Program (project #199404300) since Banks Lake receives water (and fish) from Lake Roosevelt and may act as a sole source for kokanee egg allocation.  It will provide information regarding the loss of fish from Lake Roosevelt including those released by the Sherman Creek Hatchery (project #199104700) and the Lake Roosevelt Rainbow Trout (project #199500900) and Kokanee (project #200001800) net pen programs.  This project will also be closely tied with the Moses Lake project (project #199502800) and the WDFW warmwater research program and will involve extensive sharing of equipment, data, and expertise.

E. Project history (for ongoing projects)

a). Project #200102800

b). Years underway: 4+

c). Past Costs:  Amount awarded


2001 – $170,400


2002 – $347,500


2003 - $426,617


2004 - $419,000


2005 - $419,000

ISRP comments in 2000:

Fundable. Further ISRP response review is not needed. This is a very thorough proposal (indeed outstanding) that describes a gigantic, expensive project, which, however, looks worthwhile in terms of yielding much benefit. It seems to cover most of the bases needed for a great start, but we have a few misgivings, mentioned below. The proposal is strong on technical background, bringing basic literature to bear, and on relevance to the FWP and the subbasin plan. It has problems, though, in connecting the tasks and methods to critical tests of the hypotheses. The material is well written; few terms and thoughts need further explaining. 

The emphasis of this project is to develop Banks Lake as major kokanee fishery. This may not be possible in the face of warm summer temperatures, drawdown, and entrainment. It would be better to make that assessment quickly rather than to futilely increase future stocking of kokanee. 

The role of walleye is unclear. It is ignored for the most part in the proposal objectives, yet walleye have been stocked since 1992. The proposal contains vague words about increasing burbot. It lacks further discussion about attempts to understand limiting factors and management options. 

The creel census that is described for the Ford Hatchery project (21021) might be more appropriate for this project. 

The personnel are well qualified for the task.

d). The Banks Lake Fishery Evaluation Project (BLFEP) (#200102800) was funded in 2001 by the BPA.  The primary objective of the project is to evaluate hatchery releases of kokanee and determine the factors that limit hatchery- and natural-origin kokanee recruitment to the recreational fishery in Banks Lake.  A secondary objective is to evaluate the fish community in Banks Lake and estimate the abundance of key species and the factors that promote or limit their success.  The BLFEP has collected baseline data for the past 4+ years with future goals of implementing changes in the lake that will benefit the fish community and restore the kokanee fishery to levels reported prior to the early 1980’s.  Since the BLFEP is large in scope, this section will focus primarily on findings related to kokanee in Banks Lake.

Prior to the implementation of the BLFEP, little information existed regarding the aquatic community of Banks Lake.  Stober et al. (1975; 1976; 1979) conducted extensive fisheries work in the 1970’s; however, after kokanee disappeared from the creel in the mid 1980’s, no lake-wide studies were conducted.  Also, water management operations have changed from the 1970’s, which has altered the physical and biological habitat in Banks Lake.  The BLFEP has identified the presence, status and limiting and promoting factors for certain fish species in Banks Lake as discussed in subsequent sections.

The Fishery - Banks Lake is dominated by smallmouth bass (21-28%) and yellow perch (Perca flavescens) (38-43%) in the littoral zones and lake whitefish (60-80%) in the limnetic zones.  The fishery is comprised of smallmouth bass, walleye, and yellow perch in the spring through fall and rainbow trout throughout the year.  Smallmouth bass comprise the lowest harvest of 7.0%, compared to walleye (46.5%) and yellow perch (43.1%).  A lake whitefish fishery does not exist on Banks Lake in spite of their abundance (725,000 to 1.1 million from hydroacoustic surveys).  The kokanee fishery begins in the summer and extends into October with no fishing pressure in the winter months (Polacek et al. 2003).  In 2002 and 2003, one and four kokanee were incidentally caught and reported in the creel, respectively.  However, in 2004 catch estimates for kokanee were calculated and were between 2,671 and 2,845 (95% confidence interval) with a harvest of 97%.  This increase in angler catch of kokanee corresponded with a sharp rise in our catch-per-unit effort values for gill nets (0.3 in 2000 to 6.9 kokanee/gill net night in 2004), electrofishing (0.3 in 2000 to 9.8 kokanee/hour in 2004), and abundance estimates from hydroacoustics (115,000 in 2002 to 178,000 in 2004; fish between 250 and 400 mm). The harvested kokanee were mostly from the 2001 brood year, the first year that BLFEP began net pen rearing and fall stocking hatchery-origin fish and the year when Northrup Creek was accessible for limited natural spawning.  Fish from the 2001 brood year were marked with oxytetracycaline, however, this method produced poor marks and it was not possible to use them to verify fish origin or to distinguish between kokanee that were released in the spring and fall.   

Kokanee program: In 2002, an otolith thermal marking program was implemented to distinguish kokanee releases in Banks Lake.  Spring fry and fall fingerling release groups received unique thermal marks to differentiate between groups.  Portions of the fall fingerlings were fin clipped and stocked into net pens for release the following spring as yearlings.  This strategy provided three treatment groups and a means to evaluate the success of different release strategies, with the overall goal to adjust hatchery release practices to mirror the most successful release/rearing strategy.  

Kokanee otoliths are collected for analysis during creel and lakewide fish surveys, with the largest recapture events in the fall when adult kokanee return to nearshore areas attempting to spawn.  Thermal marks were easily identified indicating applicability for kokanee stock identification in Banks Lake.  The first year of thermal mark analysis from the 2002 brood year (age-2 fish collected in 2005) indicated that approximately 61% of hatchery kokanee were from the fall release group with 41% of the fall fish originating from the net pen treatment group.  Currently there are three additional marked brood years in the lake (BY2003 through BY2005) providing analysis through FY2009 when the BY2005 fish are age 3+.  Natural production occurs; however, total contribution to the population is unknown, but will be evaluated as a ratio of wild (unmarked) to hatchery (marked) origin once additional fish are analyzed for thermal marks.  

Project results indicate that Banks Lake can support additional kokanee.  Hydroacoustic estimates in July from 2002 through 2005 averaged 95,773 ( 17,250 (2 SE) kokanee over 100 mm, representing three age classes.  This is compared to lake whitefish estimates of 731,980 ( 131,836 (2SE) over 100mm.  Bioenergetics modeling has indicated that lake whitefish consumption on the Daphnia population is high (annual mean = 64%), however, the large size of adult kokanee (mean length at sexual maturity = 430 mm) and the presence of large bodied Daphnia spp. in their diet (mean length = 1.8 mm) and in the lake (mean = 1.3 mm) indicates that the prey base can support additional kokanee (Brooks and Dodson 1965; Mills and Schiavone 1982).  The thermal regime in Banks Lake is sub-optimal, at the physiological level (optimum is 10-15( C (Scott and Crossman 1973) during the late summer months (19( C at max depth), but never reaches isothermic levels lethal for kokanee (24( C (Beauchamp et al. 1989)).  Dissolved oxygen levels are suitable for kokanee survival throughout the year.  Kokanee loss through Dry Falls Dam has been identified as a factor affecting survival; however, our entrainment studies have indicated that kokanee loss is minimal (0.12 kokanee/10,000 m3).  Loss of fish from the North Dam is unknown, although two marked Lake Roosevelt kokanee have been collected, indicating that fish are pumped into Banks Lake from the feeder canal (FDR).  Predation has been identified as the predominate factor affecting survival of kokanee in Banks Lake.  Annual kokanee losses to walleye predation are 13-17% (Polacek et al. 2004), and this is a conservative estimate since acute predation occurs during stocking events (Polacek, unpublished data); however, the estimated piscivory losses of 13-17% represents age-0 kokanee (mean length = 77 mm ( 4 (2SE)), which is negligible compared to effects on older fish, which would be significant (Dr. David Bennett, personal communication).  Short-term predation studies will be conducted during kokanee stocking events similar to those by Baldwin et al. 2003.

Despite the identified sources of mortality, which have most likely been in effect for several years, kokanee abundance has increased over the past 3 years following the implementation of alternative release and rearing strategies in 2001.   Even though kokanee abundance has increased, BLFEP biologists and regional fisheries managers believe that the completion of the evaluation phase on the analysis of different kokanee release strategies, will provide the information needed to implement changes to current stocking practices.  Adjusting times of stocking and rearing practices may dramatically increase kokanee numbers in Banks Lake, benefiting the fishery for anglers and egg allocations in the Columbia Basin and around the state of Washington.
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Polacek, Matt, Casey Baldwin, Kamia Knuttgen, Heather Woller, “Banks Lake Fishery
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f).  Adaptive Management Implications:

Results from this project have lead to a fishing regulation change in 2006 allowing an increase in harvest of smallmouth bass in Banks Lake.  As discussed above we believe the next step is to finish kokanee-stocking evaluations and monitor their abundance in the lake and creel.  The continuation of our evaluations will refine when, where, and at what size hatchery kokanee should be when released into Banks Lake. The following table links this project’s past accomplishments and future objectives to the ISRP Subbasin Plan Logic Path (NPCC 2005):

Assessment:
The Banks Lake Fishery Evaluation Project kokanee stocking and release analysis.

Vision:
The vision of the project is to continue the ongoing analysis of differing kokanee release strategies in order to alter current hatchery release practices and further increase kokanee abundance and harvest in Banks Lake.

Objectives:
The overall goal is to increase adult abundance to 250,000 available for harvest and brood stock.  This goal can be modified dependent on M&E findings.

Strategy: 
Monitor the kokanee population with a hydroacoustic survey in the late summer and collect adult kokanee during the creel and fall FWIN surveys to evaluate which release strategy is the most successful in Banks Lake. 

Projects:
Factors affecting Banks Lake kokanee abundance. 

Release strategy evaluations.

Monitoring &
Indicators: piscivory, and fry to adult

Evaluation:
survival (bioenergetics modeling, hydroacoustics and trawling)

Performance Standards: determine which release strategy equates to the highest rate of fry to adult survival. Once the best strategy is implemented set a goal of  

F. Proposal biological objectives, work elements, and methods

The overall goal of this project is to increase kokanee and rainbow trout production in Banks Lake while maintaining popular fisheries for rainbow trout (Oncorhynchus mykiss), walleye, smallmouth bass (Micropterus salmoides), black crappie (Pomoxis nigromaculatus), and yellow perch.

Our production goal is to reach a lake-wide adult (ages 2-4) population of 250,000 kokanee, compared to the current estimates of 115,000-179,000 (based on hydroacoustics), and reach angler catch rates of 0.3-kokanee/angler hour (similar to historic catch rates reported by Stober 1979).  Once the best rearing/release strategy is implemented, escapement numbers should increase to support a regional kokanee egg source program.   

Objective 1. Continue to monitor factors that affect kokanee survival in Banks Lake.

Work Element Name 1.1. Collect/Generate/Validate Field and Lab Data (157)

Work Element Title 1.1. Collect biotic and abiotic data

Methods 1.1. Nearshore electrofishing, gill netting, and trap netting (Bonar et al. 2000) will be used in the fall to collect adult kokanee.  Kokanee will be examined for fin clips and the otolith will be saved for thermal mark examination. Offshore sampling will be conducted in the summer and fall, and details are discussed later in this proposal.


  Water temperature and dissolved oxygen levels will be measured at six offshore sites located through the lake from May through October.  At each site, temperature and oxygen data will be collected from the surface to the bottom at 1- to 3 m intervals (Polacek et al. 2003) using a Hydrolab or YSI water quality meter.  This data will be used in bioenergetics modeling and to identify if monthly conditions reach sub-optimal or lethal limits for kokanee.

Work Element Name 1.2. Analyze/Interpret Data (162)

Work Element Title 1.2.  Temperature and Dissolved Oxygen

Hypothesis 1.2. Water temperature and dissolved oxygen levels do not reach lethal limits for kokanee on Banks Lake.

Methods 1.2 We will compare results to literature values for dissolved oxygen and temperature preferences and physiological tolerances, and relate fish distribution from hydroacoustics, trawling and netting to water quality parameters (from WE 1.5) to determine behavioral reactions to unfavorable conditions (Lueke and Teuscher 1994; Baldwin and Polacek 1999).

Work Element Name 1.3. Collect/Generate/Validate Field and Lab Data (157)

Work Element Title 1.3. Walleye diet collections

Hypothesis 1.3. Walleye will consume kokanee immediately after stocking

Methods 1.3. During kokanee stocking events (spring and fall) use gill nets and electrofishing to collect walleye diets to determine the impacts of acute predation. The fall kokanee release will occur during the standardized fall FWIN survey allowing walleye diet collections at the same time.  Methods will be similar to those used by Baldwin et al. (2003) in Lake Roosevelt.  Stomach contents will be dissected from dead fish and gastric lavage will be used for live fish.  We will collect walleye diets prior to, during, and after the kokanee releases and use a bioenergetics model to evaluate the length of time that kokanee remain a primary diet item.   
Work Element Name 1.4. Analyze/Interpret Data (162)

Work Element Title 1.4. Diet analysis and bioenergetics modeling to estimate piscivory

Hypothesis 1.4. Piscivory accounts for less than a 20% loss of kokanee in Banks Lake.

Methods 1.4.  Fish prey will be identified to species using diagnostic bones (Hansel et al. 1988), and zooplankton (Pennak 1989) and insects (Merritt and Cummins 1996) to practical taxonomic levels.  The blotted-dry wet weight proportion of each diet taxon will be determined and averaged within each species (Baldwin et al. 2003) by month.  Growth (length- and weight-at-age) will be determined by scale, otolith, opercle and/or length frequency analysis depending on the species, age, and reliability of each structure.  Diet proportions, prey caloric density (literature values), thermal experience and growth will be used in a mass balance bioenergetics model (Hanson 1997) to estimate species-specific prey consumption.  The model will extrapolate between sampling dates except when fine scale diet information is available such as during stocking events (spring and fall). Individual predator consumption will be applied to past predator abundance estimates generated (in 2006) from mark-recapture studies (Baldwin et al. 2003; Everhart and Young 1981) and from mobile hydroacoustic estimates (Thorne 1983).

Will use walleye diets collected during acute stocking studies to estimate localized predation rates.  We will also compile data from the past 4+ years and conduct bioenergetic simulations for annual predatory impacts.  Planktivore consumption rates will also be evaluated to determine carrying capacities for kokanee based on the standing crops of Daphnia.

Work Element Name 1.5. Collect/Generate/Validate Field and Lab Data (157)

Work Element Title 1.5. Creel Survey

Methods 1.5. A non-uniform probability sampling design rove/access creel survey will be used to estimate total fishing pressure, catch-per-unit-effort (cpue), harvest-per-unit-effort, and total harvest of fish from Banks Lake.  Standardized protocols established by the BLFEP will be used (Polacek et al. 2003). We will continue to survey ten permanent creel stations annually.  The creel stations include all major boat ramps.  Creel station names are as follows (north to south orientation): 1) Coulee Playland Resort, 2) Sun Banks Resort, 3) Osborne Bay Park, 4) Jones Bay, 5) Northrup, 6) Steamboat State Park, 7) Paynes Gulch, 8) the Pass, 9) Coulee City Park, and 10) Dry Falls Junction.  Station 11 will be used as a generic location number for all shore anglers in between the established creel stations.  Creel surveys will be conducted on a randomly chosen number of weekdays and weekend/holidays each month, which vary depending on season.  Each survey will last 8 hours and consist of a rove and access visit.  During rove surveys, each station will be visited to count the total number of boat trailers and shore anglers and interview anglers.  Flights will be conducted twice per month to count trailers, boats and the type of boating activity.  This will provide a correction factor for fishing pressure when comparing trailer counts to boating activity on the lake. Access surveys will be conducted at two randomly selected stations per creel day, designed to collect completed trip information from anglers as they leave the lake.  Creel clerks will interview anglers for information regarding party size, recreational activity and if their trip were completed, start and end times of activity, species targeted, species-specific catch and harvest, and satisfaction with the fishing experience.  Monthly access randomization will be based on the proportional use of each boat ramp from the previous year(s) (Polacek et al. 2003).  The creel survey start time and rove time will be randomly selected with equal probability and based on 8 hours after sunrise or 8 hours prior to sunset.

Analysis will be conducted for a non-uniform probability sampling design rove/access creel survey from Pollock et al. (1994), and Malvestuto (1983) to estimate catch/harvest rates for Banks Lake (Polacek et al. 2003).
Work Element Name 1.6. Collect/Generate/Validate Field and Lab Data (157)

Work Element Title 1.6. Conduct Hydroacoustic Surveys to Estimate Kokanee and Lake Whitefish Abundance

Methods 1.6. Hydroacoustic surveys will be used to monitor kokanee and whitefish abundance and distribution by extrapolating mobile hydroacoustic density to reservoir area in late July of each study year (Polacek et al. 2004).  We will use a HTI model 241 echosounder with a pole-mounted 15( split-beam downlooking transducer, multiplexed with a 6( by 10( eliptical transducer in sidelooking orientation.   Data will be logged directly into a computer and unprocessed echoes recorded on digital audiotapes.  The pulse repetition rate will be 8 pings/second and only echoes within 7.5( off-axis (downlooking) or 3(sidelooking), that meet the single echo criteria of the software, will be included in the analysis.  Banks Lake will be sampled on a single night, with 17 transects conducted in an elongated zigzag pattern across the limnetic zone.  Surveys will be conducted during moonless nights and transects will be at least 200 m from shore, deeper than 5 m, 1- to 4 km long, and conducted at a boat speed of 2- to 3 m/s.  The sidelooking transducer will sample the near surface strata from 1- to 8 m.  The downlooking transducer will be used to sample from 8 m to within 1 m of the bottom.  The target tracking method of determining fish density will be used and extrapolated to reservoir area to determine abundance.  Mean densities for four size classes of acoustic targets (55-45, 45-39.2, 39.2-33.5, and 33.5-28.8 -dB) will be evaluated for downlooking targets.  Target strengths between –55 and –28.8 dB will be converted to estimate fish lengths using a formula generated by Love (1971, 1977); the respective length classes of the previous target strength size classes will be 25-100 mm, 101-200 mm, 201-400 mm, and 400-700 mm.  We will not be able to differentiate the size of acoustic targets from the sidelooking transducer due to uncertainties of fish orientation. 
Work Element Name 1.7. Analyze/Interpret Data (162)

Work Element Title 1.7. Analyze Hydroacoustic Survey Data

Methods 1.7. Density (fish/m3) will be calculated for each transect and transect densities will be averaged together for a reservoir wide estimate of fish density.  Mean fish density will be multiplied by reservoir volume to estimate abundance.  Two standard errors will be used to estimate the 95 % confidence interval of the acoustic abundance estimate (Polacek et al. 2004).  For each transect, individual tracked fish will be verified as “real” within the post-processing software Echoscape 2.10.  Raw fish counts will be adjusted to the effective beam width within each 2 m depth strata by the equation:

F1 = F0 * [1-(EBW/NBW)]

where F1 will be the adjusted fish count, F0 is the original fish count EBW is the effective beam width for that stratum and NBW is the nominal beam width for the transducer.  Density will be calculated by dividing the adjusted fish count by the total swept volume for the transect.  Swept volume will be calculated as the sum of the volumes for every 2 m depth strata for each transect, adjusted for bottom encroachment and multiplied by transect length.  The volume of each strata will be calculated by the equation:

Vs1 = V1 – V2
where V1 is the volume from the transducer to the bottom of the stratum and V2 is the volume from the transducer to the top of the stratum and:

V =  (½ * b * h * (l*e)

where e is the percent bottom encroachment (proportion of the transect where bottom depths are equal to or greater than the max depth of the stratum), l is the distance (m) of the transect, h is the distance (m) from the transducer to the end of the stratum, and b is the beam diameter calculated by:

b = 2 R tan(NBW/2)

where R is the range (m) to the end of the stratum.

Species-specific abundance estimates will be calculated by multiplying the species composition of various size classes by the acoustic abundance estimates for the corresponding sizes.  We will apply the length frequency from the vertical transducer to the horizontal data because fish target echoes in horizontal aspect do not relate to fish length as they do in vertical aspect (Kubecka 1994; Yule 2000).  The assumption that fish species composition and size distribution is the same from 1.5- to 8 m (horizontal acoustics) and from 8- to 25 m will be evaluated with netting data.
Kokanee abundance estimates will be compared to stocking rates to estimate fry to adult survival.  This will be used as baseline data to compare against possible future implementation phases of this project.  

Offshore gill netting surveys. Gill netting will be used to provide species verification, depth distributions, and length frequencies of acoustic targets larger than 100 mm.  The night of the survey, and for 3 nights following the survey, 14 vertical gill nets and 1 floating and 1 sinking horizontal gill net will be randomly placed in the limnetic zone for a total of 42 vertical net nights and 9 horizontal net nights per survey.  The fourteen vertical nets will consist of replicate samples of seven nets that are 2.6 m wide and 26.2 m deep, consisted of one mesh size throughout (25, 38, 51, 64, 76, 89, or 102 mm stretch).  Horizontal nets will be 1.9 m deep and 61 m long with 9 panels that are 6.8 m long.  The mesh array consisted of 25, 38, 51, 64, 76, 89, 102, 127, and 152 mm stretch mesh.  Our efforts will cover 20 % (51 of 252) of the potential limnetic sampling sites that are deep enough (at least 12 m) to sample.  Trawl transects will be conducted along the hydroacoustic transects.  The same transects and sample sites will be used, consistent with past work by the BLFEP.

Work Element Name 1.8. Collect/Generate/Validate Field and Lab Data (157)

Work Element Title 1.8. Kokanee and Rainbow Trout Exploitation  

Hypothesis 1.8. Exploitation of kokanee and rainbow trout does not exceed 20% of their abundance in Banks Lake.

Methods 1.8. Kokanee and rainbow trout harvest will be compared to reservoir-wide abundance to determine if the population is underutilized or overexploited.  Abundance estimates will be used for different size groups to monitor age class strength over time.  

Harvest estimates will be obtained from an annual creel study.  Once the total catch (C) of each species is known (from creel surveys) we will estimate exploitation (E) using reservoir wide abundance (A) where

E = C/A

Work Element Name 1.9. Analyze/Interpret Data (162)

Work Element Title 1.9. Banks Lake Kokanee Brood Stock Plan  

Hypothesis 1.9. Over 30% of adult kokanee are available for brood stock collection at Northrup Creek.

Methods 1.9. Since the thousands of kokanee that return to Northrup Creek cannot access the channel for spawning, we will evaluate the use of adult fish for brood stock to support hatchery needs of both Banks Lake and Lake Roosevelt.  We will use fecundity estimates and sex ratios collected in 2005 to determine the number of males and females required by the hatcheries to supplement both lakes.  Results from this analysis will be included in the first annual report.  Hydroacoustic estimates will allow us to predict or forecast age specific abundance for expected brood stock collections in the fall.

Work with hatchery staff to collect adult kokanee by electrofishing in the Northrup Creek area and collect eggs to test the feasibility of using this method to obtain viable eggs.  Ovarian fluid will also be collected to continue disease-testing studies. 

Objective 2. Evaluate three kokanee release groups to determine escapement success.

Work Element Name 2.1. Mark/Tag Animals (158)

Work Element Title 2.1. Kokanee Thermal marking and fin clipping

Methods 2.1. The WDFW Spokane Fish Hatchery will thermal mark all hatchery kokanee destined for Banks Lake. When salmonids are artificially incubated it becomes possible to place recognizable thermal marks in their otoliths. This method is referred to as “thermal” marking and extensive reviews of the procedure can be found in Volk et al. 1999 and 2005. Briefly, shifts in water temperature experienced from the eyed stage through yolk absorption are used to induce visible bands on the microstructure of otoliths. The bands and spaces between them are organized to produce bar codes on otoliths by following a series of simple rules (Volk et al 1994) that create relatively wide and narrow spaces between the bands. Using the methods described by Volk et al. (1994) it is possible to produce hundreds of unique thermal marks. Marks can be induced into otoliths both before and after hatching. The technique was first applied to pacific salmon in 1985 (Volk et al. 1990) and is now widely used by researchers around the Pacific Rim. In 2004 for example, over 20% of the cultured salmon released (> 1 billion) into the Pacific had been thermally marked. Marks are retrieved by collecting otoliths, creating hemi-sections and examining these under 100 to 400x with a light microscope.  These are permanent marks and can be decoded at any period in the life cycle. 

All the cultured kokanee released directly into Banks Lake will be thermally marked and net pen reared kokanee will receive a left pelvic fin clip.  Each release group will receive a code that will reflect its rearing and release strategy.  Prior to being released, five fish from each group will be sacrificed to document the thermal codes they possess. 

Work Element Name 2.3. Analyze/Interpret Data (162)

Work Element Title 2.3. Kokanee Thermal Mark Identification

Hypothesis 2.3. There will be no statistical difference in survival between the three treatment groups.

Methods 2.3. Kokanee otoliths will be collected for thermal mark identification during creel surveys and the lake-wide fall fish survey/kokanee collections.  Otoliths will be stored in 95% ethanol and analyzed for treatment group origin at WDFW’s Otolith Laboratory in Olympia.  A Chi-square analysis at the ( = 0.05 level will be used to test Hypothesis 2.3 (Zar 1999).  Additionally, a marked to unmarked ratio will be used to evaluate the contribution of hatchery versus natural origin fish to overall kokanee population.
Objective 3. Manage daily project operations including staff, subcontractors, and administrative duties including all reporting.

Work Element Name 3.1. Manage and Administer Projects (119)
Work Element Title 3.1. Accrual and Metric Reporting, SOW

Methods 3.1. Manage daily project operations including supervising staff and subcontractors.  Create and submit reports to BPA regarding PISCES reports, accrual spending, and SOW packages.

Work Element Name 3.2. Produce Annual Report (132)

Work Element Name 3.3. Produce Status Report (141)

Work Element Name 3.4. Produce/Submit Scientific Findings Report (183)

Methods 3.4.  Dependent on funding, this project will provide deliverables in the form of status and annual reports by deadlines established by WDFW and BPA.  After the third year of the project, the project sponsor, along with project subcontractors, will draft and submit results for publication in a scientific journal.

G. Facilities and equipment 

Office space will be provided by the WDFW and staff will have access to a university laboratory at no cost to BPA.  Most of the sampling equipment necessary for this project has already been purchased or borrowed from other projects working in the subbasin or within WDFW.  The boat and hydroacoustic equipment necessary to sample offshore fish can be used on this project, the Lake Roosevelt Monitoring Projects (199404300), and the proposed Lake Wenatchee and Lake Cle Elum projects.  Likewise, the electrofishing boat used on the Moses Lake Fishery Project (199502800) and a WDFW Region 2 electrofishing boat are available for our use, along with two gill netting boats from the Banks and Moses Lake Projects.  Also, water quality monitoring, and precision GPS equipment are available from these two projects and will not have to be purchased.  These equipment-sharing opportunities represent a means of working in a cooperative and efficient manner within the province and sub-basin. 
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Large Lakes Research Team
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Bachelor of Science 

Fisheries/Aquatic Biology specialization

Central Washington University, June 1995

Masters of Science 


Fisheries 

Central Washington University, June 1998
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5/2003-current
 - Fish and Wildlife Biologist 3

Washington Department of Fish and Wildlife,

Project leader of the Banks Lake Fishery Evaluation Project and member of the Large Lakes Research Team. Design and implement various research projects designed to identify limiting factors for resident fish populations.  Write experimental designs, collect data, conduct statistical analysis, and report results to fisheries managers. Present results at various intra- and interagency meetings and fisheries conferences and prepare status and annual reports and primary literature manuscripts for publication. Develop and manage budgets and out-year planning for research team; supervise and train 1 biologist and 1-3 technicians. Coordinate with other groups, agencies, and universities.  Write grant proposals to secure project funding.

9/1998-4/2004
- Fish and Wildlife Biologist 2
Washington Department of Fish and Wildlife

Project biologist of the Lake Roosevelt and Banks Lake Fishery Evaluation Projects. Designed and implemented various research projects and aided in writing experimental designs, collect data, analyze samples, conducted statistical analysis, and reported results for management decisions.  Presented results at various intra- and interagency meetings and fisheries conferences and prepared primary literature manuscripts for publication.  Coordinated and planned research projects with other groups, agencies, and universities.

Specialization:

Limiting factors analysis for fish populations in lake, reservoir and riverine environments.  Utilize stable isotope, diet analysis, bioenergetics modeling and hydroacoustics to determine bottom-up or top-down limitations in the trophic chain.      
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Dr. David Bennett, Consultant
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