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200709100

Title: 
The evaluation of limiting factors on resident and anadromous salmonids in Lake Wenatchee, Washington

A. Abstract

Lake Wenatchee has supported popular and successful fisheries for sockeye salmon (Oncorhynchus nerka), however, the frequency of such fisheries has declined in recent years and the sockeye stock is currently listed as depressed.  Predation on sockeye fry by bull trout (Salvelinus confluentus) and northern pikeminnow (Ptychocheilus oregonensis) has been documented, and large numbers of these predators have been observed in the lake.  To maximize recovery efforts to provide consistent recreational value of this species, the factors possibly limiting sockeye in Lake Wenatchee need to be determined.  Limiting factors examined will include water quality, habitat, food limitation and predation.  Linkages between environmental conditions and habitat attributes will be established to understand the physical and chemical limitations of the Lake Wenatchee system.  We will estimate zooplankton biomass and production to establish the potential of the forage base and carrying capacity for various planktivores including juvenile sockeye, Chinook salmon (Oncorhynchus tshawytscha), and bull trout.  Predator-prey interactions between piscivores and resident and anadromous salmonids will be quantified through diet analysis and bioenergetics modeling.  Predator abundance will be estimated using mark-recapture and mobile hydroacoustic techniques to determine the overall impacts of piscivory.  The goal of this work is to develop management plans that will minimize in-lake mortality while maximizing the number of salmonids leaving the lake or available for recreational harvest.

B. Technical and/or scientific background

Lake Wenatchee and its tributaries serve as critical spawning and rearing habitat for spring Chinook (Little Wenatchee and White River stocks), sockeye and bull trout.  The Lake Wenatchee sockeye salmon stock is currently considered depressed (WDFW 2002); the Wenatchee spring Chinook is classified in the NOAA upper Columbia ESU and is listed as endangered (Meyers et al. 1998) under the Endangered Species Act (ESA) of 1973.  The Wenatchee River system also supports one of the two remaining viable sockeye populations in the Columbia River System as well as populations of bull trout that are listed as threatened under the ESA.  The importance of this system to spawning and rearing salmonids warrants the need to fully understand the factors that may limit survival at juvenile life stages.  This study will concentrate on sockeye and spring Chinook salmon and bull trout in Lake Wenatchee, but provide auxiliary information for Wenatchee summer steelhead (considered a depressed stock (WDFW 2002)) that have been reported to spawn in the Little Wenatchee and White Rivers above Lake Wenatchee. 

In Lake Wenatchee, smolt monitoring has occurred since 1990, and fry trapping from the White River began in 2005 (Andrew Murdoch, WDFW, personal communication). Data gaps, however, exist regarding the impacts of piscivory and prey limitations on sockeye salmon in the lake environment (Laura Berg Consulting 2004).

Anadromous salmon utilize many fresh and saltwater habitats. The proportion of time spent in different habitats, however, is species specific and often unique to specific populations.  For example, sockeye salmon can spend 3 or more years in fresh water before smoltification and migration to saltwater environments (Wydoski and Whitney 2003).  The potential for sockeye to spend an equal or majority of their life cycle in freshwater, means that the biotic and abiotic conditions they encounter in freshwater can profoundly affect their overall survival.  Consequently, identifying factors that limit their freshwater survival will help managers identify the processes involved and propose and evaluate possible remedies (Beauchamp 1995). 

Processes most likely limiting production of juvenile sockeye salmon in nursery lakes, such as Lake Wenatchee, include food supply and predation (Beauchamp et al. 1997).  Similar to predation studies on the mainstem Columbia River (Rieman et al. 1991; Vigg and Burley 1991; Petersen 1994; Ward et al. 1995; Zimmerman 1999), predation on sockeye salmon by northern pikeminnow (Beauchamp et al. 1995) and bull trout has been reported in Lake Wenatchee (Thompson and Tufts 1967; Andrew Murdoch, personal communication); however, the overall impact to specific year classes is unknown because A) consumption rates have not been determined, B) predator abundance is unknown, and C) required biotic (seasonal predator diet composition) and abiotic (annual water temperatures) parameters have not been collected to complete bioenergetics modeling simulations.  Predation on spring Chinook fry has not been reported, but could also limit survival.  Thompson and Tufts (1967) evaluated predation levels on releases of wild and hatchery sockeye juveniles; however, they did not use their results to estimate the overall loss of sockeye juveniles in Lake Wenatchee to predators.  Remaining information on predation on sockeye salmon and the presence of large numbers of bull trout and northern pikeminnow is in the form of personal observations by biologists, hatchery personnel and others when stocking sockeye or conducting work at the lake.  Studies on the fish community and predator/prey interactions on Lake Wenatchee are lacking.  Because important data gaps exist and information is absent we do not know how important predation may be on the production of sockeye.  Our proposal was designed to determine if predation is an important limiting factor on sockeye and to determine if primary/secondary production can be increased, or should be increased, to improve sockeye production in the lake.

Programs have been implemented and studies have been conducted to evaluate the effects of northern pikeminnow, walleye, and bass predation on salmonid smolts in the main stem Columbia River and its reservoirs (Beamesderfer et al. 1990; Beamesderfer and Rieman 1991; Petersen and Ward 1999; Zimmerman 1999; Zimmerman and Ward 1999).  In these systems, studies have found that piscivores have a negative affect on the survival of salmonid smolts, and that predator removal programs have resulted in positive correlations between predator removal and smolt survival (Friesen and Ward 1999).  A 333% increase in sockeye survival rates occurred following implementation of a predator control program in Cultus Lake, British Columbia (Foerster and Ricker 1941).  The National Park Service has implemented a successful predator removal program on Yellowstone Lake, harvesting nearly 15,000 lake trout from 1995 to 1999 to suppress predation on indigenous cutthroat trout.  Three years after the control program began, lake trout consumption of cutthroat trout had been reduced by an estimated 43% (Ruzycki et al. 2003).  Comprehensive predator and prey studies have not been conducted on Lake Wenatchee despite the co-existence of sockeye and spring Chinook salmon fry and piscivores; northern pikeminnow and bull trout.  Unlike other salmon species, sockeye in Lake Wenatchee are subject to predation for at least one year.  This temporal and spatial overlap warrants studies on Lake Wenatchee to provide data similar to that available for the mainstem Columbia River, allowing for science based management decisions.

Lake Wenatchee is the only nursery lake in the Wenatchee river basin.  The lake is considered ultraoligotrophic, nitrogen limited and ranks in the lower range of trophic productivity for sockeye lakes (Mullan 1986), but it is currently unknown if sockeye and spring Chinook fry are limited by bottom-up trophic effects (primary and secondary production) due to the lack of relevant data.  Nutrient enhancement programs have been successful in several Canadian (Hyatt and Stockner 1985; Stockner 1987; Ashley et al. 1997; Hyatt et al. 2004) and Alaskan oligotrophic lakes (Kyle 1994; Mazunder and Edmundson 2002).  These efforts were found to increase the biomass of edible zooplankton and therefore affected smolt length, smolt condition, and the overall production of sockeye salmon smolts.  Larger sizes in sockeye salmon smolts typically lead to increases in riverine and marine survival (Hyatt and Stockner 1985).  In a comprehensive review of 24 sockeye lakes that involved whole-lake fertilization experiments, Hyatt et al. (2004) found that in almost all cases fertilization increased sockeye biomass, and concluded that lake fertilization is a technique that can contribute to enhancement of sockeye salmon populations.  In Lake Wenatchee, Mullan (1986) indicated that low water retention time may not allow the assimilation of nutrients into the food chain, but states that fertilization could occur when water conditions stabilized.  Answers to speculations about the effects of lake fertilization can only be gained through an assessment of essential factors, followed by an implementation plan (Mullan 1986).  No studies were located that refer to the effects of nutrient enhancement on Chinook salmon fry in lakes.

Extensive literature searches yielded no sockeye stocks that are currently meeting production goals due to a variety of factors including, but not limited to, predation and poor nutrient levels.  Few studies have been conducted on these lakes, supporting the need to implement baseline data collection studies followed by M&E programs to understand these depressed stocks.  Production of salmonids in the Lake Wenatchee basin has declined in recent years. The Lake Wenatchee sockeye salmon stock, for example, was listed as healthy in 1992, but is currently considered depressed due to a short-term severe decline in escapement. The stock has met less than one half of its production goal (23,000) from 1994 to 1999.  Despite an increase in escapement of sockeye in the 2000 and 2001 adult returns have declined rapidly to less than 5,000 fish in 2004 (WDFW 2002).  Since 1978, escapement goals have been achieved only 9 times. Each time the goal has been met, recreational fisheries have occurred, which is one of the overall goals of the Wenatchee sub-basin plan (to “maintain or increase abundance of native fish and wildlife species to a level where populations can be harvested and can be sustained through natural reproduction and productivity”) (Laura Berg Consulting 2004, Goal #3; pg. xiii). 

The current state of Pacific Northwest oligotrophic and mesotrophic sockeye lakes. 

	Water Body
	Trophic Status
	Meeting Production Goals?
	Possible Limiting Factors
	Citation or Contact

	Lake Wenatchee
	Ultra-Oligotrophic
	No
	Poor nutrients, predation
	WDFW SASI 2002

	Baker Lake
	Oligotrophic
	No
	Poor nutrients, predation, hydro-operations
	Gary Kyle, Alaska Fish and Game

	Redfish Lake, ID
	Oligotrophic
	No
	Poor nutrients; passage
	IDFG

	Quinault Lake
	Ultra-oligotrophic
	No
	Poor nutrients; limited spawning
	Quinault Tribe

	Lake Washington
	Mesotrophic
	No
	Predation; spawning habitat
	WDFW SASI 2002

	Lake Ozette
	Mesotrophic
	No
	Predation; poor spawning habitat
	WDFW SASI 2002

	Lake Osoyoos
	Mesotrohic
	No
	Water quality
	WDFW SASI 2002


This project will follow a two-phase approach.

Phase I of our project will estimate the impact of predation by northern pikeminnow and determine if sockeye salmon are limited by prey availability and/or abiotic conditions such as temperature and dissolved oxygen levels in Lake Wenatchee.  Other researchers have conducted predator/prey studies in other systems including Banks Lake, Washington (Polacek et al. 2003), Moses Lake, Washington (Burgess 2003), Lake Ozette, Washington (Beauchamp et al. 1995), Lake Washington, Washington (Beauchamp 1995), Lake Roosevelt, Washington (Baldwin et al. 2003), Blue Mesa Reservoir, Colorado (Johnson et al. 2002; Hardiman et al. 2004), and Lake Billy Chinook, Oregon (Beauchamp and Van Tassell 2001), among others.  Hydroacoustics and bioenergetics modeling have been utilized in these projects to explain predator and prey interactions including predator/prey distribution and abundance, and quantification of predatory impacts.  Our project will utilize these methods, along with stable isotope analysis (Black et al. 2003; Clarke et al. 2005) to evaluate mortality of juvenile sockeye salmon. (see methods)


Phase II will draw from the results in phase I to determine the feasibility of implementing an artificial fertilization program on Lake Wenatchee to increase sockeye salmon production.  Results from phase I will be required to determine the standing crop of edible size and species of zooplankton compared to the current consumption rates of planktivores, and the impacts of piscivory on the planktivores.  Predation could undermine enhancement efforts if piscivore populations are sufficiently large (Beauchamp et al. 1995).  Moreover, it is critical to identify species-specific phytoplankton and zooplankton densities in Lake Wenatchee.  In some instances, artificial fertilization can stimulate algae that cannot be grazed by zooplankton or large-bodied herbivorous zooplankton species may be present in sufficient numbers to consume the increased biomass of phytoplankton, causing a bottleneck at the primary production level (Wetzel 2001).  Also, the productivity of a sockeye population may be reduced when large invertebrates or competing planktivores are abundant (McQueen and Svanvik 2003). Therefore, it is important to understand the plankton composition in a system prior to implementing a lake fertilization program.            
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The Logic Path below outlines the general step-by-step process that will be used in this project, including the collection and analysis of data, and conducting feasibility studies if predation or forage base is acting as a limiting factor.  Implementation would then occur if feasible.

C. Rationale and significance to regional programs

Little is known regarding interactions between sockeye and spring Chinook salmon, bull trout, and northern pikeminnow (Ptychocheilus oregonensis), and the factors that may limit sockeye salmon production in Lake Wenatchee.  Bull trout and salmon co-evolved in the lake, yet bull trout numbers may have significantly increased in recent years due to some fishery management changes.  Historically, bull trout numbers were held in check through harvest; however, fishing for bull trout ended in 1998. Since then increasing numbers of them have been observed on their spawning grounds (Laura Berg Consulting 2004, p. 66), and thus bull trout may have increased their predatory impact on juvenile sockeye salmon.  As with bull trout, northern pikeminnow in Lake Wenatchee probably impact sockeye survival through predation.  Direct information on the importance of pikeminnow predation is lacking and their abundance and impact on sockeye has been identified as a data gap in the subbasin (Laura Berg Consulting 2004, pgs. 66, 302).  Long-term water quality monitoring and assessments of primary production and zooplankton abundance in Lake Wenatchee to identify possible abiotic and biotic bottlenecks in the aquatic food web were also identified as data gaps in the subbasin plan (Laura Berg Consulting 2004, p. 302, 303).  Our project will examine salmon and bull trout interactions and will also provide additional information regarding factors that affect the survival of sockeye, bull trout (U.S. Fish and Wildlife Service 2002, task 2.6.1), and spring Chinook in Lake Wenatchee.  These tasks are consistent with the overall recovery goals and objectives in the Upper Columbia Salmon Recovery Draft Plan (2004), to delist and “ensure the long-term persistence of viable and harvestable populations of spring Chinook, steelhead, bull trout, and other non-listed species distributed across their native range.”

Our proposed project addresses the concerns discussed above and outlined in local and regional programs and plans with regards to native fish recovery in the Wenatchee sub-basin.  The Northwest Power Planning Council (NPPC) Fish and Wildlife Program (2000) describes the changes that are needed to reach biological performance objectives called for by the program, including providing the expansion of productive populations, allowing for the recovery of depleted and listed populations, and protecting and restoring freshwater habitat for all life history stages of key species.  Our proposed project also meets these objectives, helping benefit fish and wildlife in the Columbia Basin by implementing tasks to identify factors limiting the production potential and survival of sockeye and spring Chinook salmon in Lake Wenatchee. 

One of the overall goals of the Wenatchee sub-basin plan is to “maintain or increase abundance of native fish and wildlife species to a level where populations can be harvested and can be sustained through natural reproduction and productivity” (Laura Berg Consulting 2004, Goal #3; pg. xiii).  Our project will study interactions and identify factors limiting the production potential for sockeye, Chinook salmon, and bull trout in Lake Wenatchee, with the goal of implementing measures to increase survival at the fry and juvenile life stages (FCRPS Biological Opinion Remand 2004, page 4).  A long term, statistically based research, monitoring, and evaluation (RM&E) program will be implemented (FCRPS Biological Opinion Remand 2004, page 88; NPPC 2000, page 13), consistent with the restoration and conservation goals of the Lake Wenatchee Assessment Unit (Laura Berg Consulting 2004, Goal #6, pg. xxvii), including evaluations of water quality (U.S. Fish and Wildlife Service 2002, task 6.3.4; Laura Berg Consulting 2004, page 161); predator prey and ecological interactions (Laura Berg Consulting 2004, pages 97-99, 302, 303; FCRPS Biological Opinion Remand 2004, page 4); and feasibility studies for in-lake fertilization to benefit salmonid production (identified as data gaps in the Lake Wenatchee Assessment Unit, Laura Berg Consulting 2004; pages xxvii, 65-66, 69, 178, 302,303).  The results of this work will increase our understanding of the factors that limit salmon production in Lake Wenatchee and will be used to formulate management actions designed to increase their productivity (Laura Berg Consulting 2004, page 305; FCRPS Biological Opinion Remand 2004, page 4, 23).

The objectives and tasks, outlined in section F (see below), address many of the questions and metrics put forth in the Regional Monitoring Framework of the Draft Columbia Basin Research Plan (2005). For example, estimates of salmon and bull trout abundance will be made, population growth/decline will be monitored, and the age structure of these fishes will be assessed.  In addition, water quality and rearing habitats will be evaluated and monitored and the impacts of piscivory on juvenile salmonids (consumption rates) will be ascertained. 

This project also relates to the overall vision of the NPPC’s Fish and Wildlife Program (2000); a “Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region.”  Other programs that relate to the objectives of this proposed project are listed below, directly taken from Appendix E in the Upper Columbia Salmon Recovery Plan (2005):

	Management Program
	Sponsor/Lead Agency
	Area affected by Program
	Goal of Program
	Relation to Proposed Project*

	Habitat and Population Evaluation Program
	U.S Fish and Wildlife Service
	Upper Columbia Basin
	Conduct surveys to describe fish populations 
	This project will assess the fish populations in Lake Wenatchee

	Salmonid Stock Inventory Program
	Washington State Dept. of Fish and Wildlife
	Upper Columbia Basin
	Identify and monitor the status of salmonid fish stocks
	This project will determine status and ecologic trends for sockeye, spring Chinook salmon and bull trout

	Washington Natural Heritage Program
	Washington State Department of Natural Resources
	Upper Columbia Basin
	Collect data and develop strategies for protection of native ecosystems and species most threatened
	This project will collect data which will provide information regarding bull trout and spring Chinook salmon life history in Lake Wenatchee

	Salmon Habitat Limiting Factors
	Washington State Conservation Commission
	Upper Columbia Basin
	Assess the habitat based factors limiting the success of salmonids
	This project will analyze limiting factors for predation, prey limitations and suitable abiotic conditions


*this column was not in Appendix E.

D. Relationships to other projects

This project relates directly to the smolt trapping work upstream and downstream of Lake Wenatchee conducted as part of WDFW’s Reproductive Success Program (BPA Project #200303900), and to the sockeye net pen program funded by Chelan County.  Data from the fry and smolt trapping efforts will be used by the project to estimate in-lake survival, immigration and emigration timing, growth rates and size at age.  We will also collaborate with the National Marine Fisheries Service (NOAA) to collect and monitor water quality data (BPA Project #200301700) in the Wenatchee watershed.  Furthermore, this project will be related to the assessment of the Northern Pikeminnow Management Program (BPA Project #199007700), since we will be examining the effects of northern pikeminnow predation on juvenile sockeye salmon.  Finally, sockeye salmon predation rates found in Lake Wenatchee could be compared to those found in the mainstem Columbia from Rocky Reach to Priest Dams, and to those discovered by the proposed “Mid Columbia Trophic Dynamics Project” (200703600).  Such a comparison would elucidate the relative importance of predator types, size, abundance, and habitat attributes on the loss of sockeye in two divergent habitats.  This information could be used to suggest areas of potential predator removal efforts.
E. Project history (for ongoing projects) 

(Replace this text with your response)
F. Proposal biological objectives, work elements, and methods

The overall goal of this project is to maximize survival for spring Chinook and sockeye salmon while maintaining or increasing bull trout abundance in Lake Wenatchee.  Further refinement of this goal to species-specific abundance goals and/or harvest requires initial data collection that leads to a greater understanding of the biological interactions and carrying capacity of the system.  This overall goal will be achieved through studies that seek to determine the limiting factors for various fishes (or groups of species).  Annual progress reports covering activities and information collected during each fiscal year will be produced.  At the end of year 3 (FY 2009), a summary report will be provided that incorporates multi-year data trends and bioenergetics modeling results in manuscript format for submission to a scientific journal.  

Objective 1.  Determine factors that limit survival of rearing sockeye salmon and Chinook salmon in Lake Wenatchee.

Hypothesis 1.1.  Juvenile spring Chinook salmon and sockeye are consumed by piscivores (bull trout and northern pikeminnow) in Lake Wenatchee.

Work Element Name 1.1.0. Collect/Generate/Validate Field Data (157)

Work Element Title 1.1.0. Piscivory on spring chinook salmon and sockeye salmon.

Methods 1.1.  Stomach contents from a sub-sample of piscivores and planktivores (30 samples for each species will be collected and identified to the lowest practical taxonomic level (Polacek et al. 2003).  Stomachs will be dissected from dead fish and gastric lavage will be used from live fish (Light et al. 1983).  We will determine the proportion of various prey types present in the diet of each species of piscivore and use a mass balance bioenergetics model (Hanson et al. 1997) to quantify the consumption of each prey type.  Sampling will occur monthly, but will also be based on ecological events such as fry recruitments to the lake and stocking events.  Nearshore electrofishing, gill netting, beach seining (Bonar et al. 2000) and offshore trawling will be used to determine species composition and distribution.  Additional biological data collected during these surveys will be used to ascertain diet and growth information for bioenergetics model extrapolations.  

Work Element Name 1.1.1. Analyze/Interpret Data (162)

Work Element Title 1.1.1. Diet analysis and bioenergetics modeling

Methods 1.1.1. 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 the bioenergetics 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. Individual predator consumption will be applied to predator abundance estimates generated from mark-recapture studies (Baldwin et al. 2003; Everhart and Young 1981) and from mobile hydroacoustic estimates (Thorne 1983). 

In-lake mortality will be calculated by estimating the number of fry entering Lake Wenatchee from the White and Little Wenatchee Rivers compared to the number of smolts emigrating from the lake in the spring (via screw trapping).   Total consumption (prey specific biomass) from the bioenergetics model will be used to quantify the influences of predation and compare to total in-lake mortality estimates to determine the proportion of fish lost due to piscivory.  These results will allow for calculations of a c/at ratio, where c = the # of fish consumed by predators and a = the abundance of prey in the lake during a specific time (t).  This ratio will be monitored for 3 or more years to establish baseline data trends with regards to piscivory.
Work Element Name 1.1.2. Collect/Generate/Validate Field Data (157)

Work Element Title 1.1.2. Fish tissue collection for stable isotope analysis

Methods 1.1.2. Tissue samples ((10 mm filet of dorsal muscle) will be collected from all fish species to conduct stable isotope analysis of Carbon and Nitrogen as a secondary method of determining food web linkages (Black et al. 2003; Clarke et al. 2005).  This method allows us to evaluate the contribution of particular prey types to predator’s diets over longer time periods and avoids overlooking periods of intense- short duration feeding which may occur between sampling periods.  We will sample up to 20 fish from three age classes (age 0- to 1, age 2- to 4, and age 5 and older) of two piscivorous species (bull trout and pikeminnow) during 4 time periods (April, July, and October and December) to account for seasonal and ontogenetic diet variation.  Age class groups could be adjusted based on diet analysis and literature data.  Twelve replicates of non-piscivourous fishes will be sampled from two age classes (age 0- 1, and age 2 and older (where applicable)), during the four sample periods.  Possible prey fish include Chinook salmon and sockeye salmon, mountain whitefish (Prosopium williamsoni), carp (Cyprinus carpio), sucker species (Catostomus spp.), cottid species (Cottus spp.) and other prey species found in Lake Wenatchee.  Zooplankton will be collected during water quality sampling (outlined in Methods 1.2).  Specific sample care and preservation will be similar to Black et al. (2003) and (Clarke et al 2005).

Work Element Name 1.1.2. Analyze/Interpret Data (162)

Work Element Title 1.1.2. Sample preparation and stable isotope analaysis
Methods 1.1.2. All tissue samples will be rinsed with deionized water, dried at 60 C, ground into a homogenous powder, and stored in plastic or glass vials.  Samples will be weighed to 1 mg ± 0.2 mg then enclosed in tin capsules.  For large species, where 1 mg of dry weight is obtained from a single individual, one individual will be used per sample.  For smaller species, where 1 mg dry weight is not obtained, individuals will be pooled until dry weight exceeded 1mg.  The samples will be shipped to the UC Davis Stable Isotope Facility for isotope analysis using a Hydra 20-20 continuous flow mass spectrometer.


The mean 13C and 15N values and standard error will be determined for each age group of each species.  For each species, the percent pelagic carbon composition will be calculated as the relative position between the exclusively pelagic and benthic 13C values, and calculated using the following equation:

% Pelagic C = (13C consumer - 13Cbase2)/(13Cbase1 - 13Cbase2) x 100

where the 13C consumer is the mean 13C value for the organism being considered, 13Cbase1 is the mean 13C value for the pelagic base and 13Cbase2 is the mean 13C value for the benthic base.  The trophic position of each species will be determined using the following equation from Post (2002):

trophic position = 2 + (15N consumer – [15Nbase1() + 15Nbase2(1- )])/ n

where 15Nbase1 is the 15N value and 15Nbase2 is the 15N value;  is the proportion of carbon in the consumer ultimately derived from the pelagic environment (% Pelagic C); and n is the mean enrichment of 13N per trophic level which is 3.4‰ (Post 2002).


Linear regression will be used to look at the relationship between length versus trophic position, as well as length versus energy source consumption for the fishes included in the study.

Diet partitioning will be estimated by using the linear mass balancing mixing model ISOCONC 1.01 supplied by Phillips and Koch (2002).  An ANOVA and orthogonal contrast analysis will be performed to determine if there is a difference in isotope signatures within species and amongst ages (Zar 1999).  If no significance is detected a pooled isotope signature can be calculated.  Methods similar to those in Clarke et al. (2005) will be required to determine the top three prey items of each predator and calculate their mixture carbon and nitrogen signatures.

Hypothesis 1.2. Zooplankton biomass and production are adequate to support consumption demands by juvenile spring Chinook salmon and sockeye salmon in Lake Wenatchee.

Work Element Name 1.2.1. Collect/Generate/Validate Field Data (157)

Work Element Title 1.2.1.  Zooplankton, phytoplankton, and nutrient sample collections

Methods 1.2.1 Water quality, methods are from (Polacek et al. 2003).
Water and zooplankton samples will be collected from 4 sampling stations on a bi-weekly basis from April to November, and once monthly from December to March. Zooplankton composition, numerical abundance, and biomass will be determined for each of three replicate zooplankton samples collected from each sample location on each sample date.  Each zooplankton sample will consist of a single bottom to surface vertical haul with a 20 cm diameter, 153 um mesh, conical zooplankton net.  Each plankton sample will be fixed and stored as per Black and Dodson (2003).  We will determine if zooplankton production is limited by bottom-up (primary production) or top-down (planktivory) influences based on size structure and species composition (Brooks and Dodson 1965). We will estimate the consumption demand (biomass) of sockeye salmon and spring Chinook salmon with a bioenergetics model (Hanson et al. 1997) and compare to available zooplankton biomass (standing crop).  This will determine the number of spring Chinook salmon and sockeye salmon that could be supported by that biomass (Baldwin and Polacek 1999).  

Chlorophyll and phytoplankton biovolume, water samples will be collected in triplicate at a depth of 5 m using a Van Dorn water sampler on each sample date for each sample location.  Chlorophyll samples will be held in opaque 125 ml amber bottles on ice until time of analysis.  Biovolume samples will be collected in the same fashion but only once per month, and triplicate chlorophyll samples will be collected every 3 m of depth for all sample locations.  Chlorophyll and phytoplankton levels will help indicate if zooplankton is limited at the primary trophic level in the food chain (bottom-up influence) (Sarvala et al. 1998; Vrede et al. 1999). 

We will measure zooplankton species composition, density and biomass at each station, using standard methods of collection from other large lakes in Washington State (Polacek et al. 2003).  Epilimnetic nitrate and phosphate concentrations will be collected from 4 sample stations on each sample date on a bi-weekly basis from April to November, and once monthly from December to March.  Triplicate water samples for nitrate-nitrogen and phosphate-phosphorus will be collected from 5 m depth.  Water samples will be stored in phosphate free and acid washed 125 ml bottles, then stored on ice until analyzed (within 8 hours).   

The relative weight and length-at-age of salmon, bull trout and pikminnnow 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).  This will be used as an additional indicator of fitness.
Work Element Name 1.2.2. Analyze/Interpret Data (162)

Work Element Title 1.2.2.   Zooplankton, phytoplankton, and nutrient sample analysis

Methods 1.2.2. Crustacean zooplankton will be identified to species (using keys of Brooks 1959, Yeatman 1959, and Wilson 1959).  Each individual sample will be sub-sampled, using a plankton splitter, until the abundance of the most common species is reduced to approximately 100 individuals.  Within the sub-sampled portion, all individuals encountered will be identified and enumerated, and body length will be measured.  Density (individuals l-1) will be determined for each species.  Biomass (dry weight g l-1) will be estimated for each species using the abundance and body length data and the length:weight regressions of Dumont et al (1975) and Bottrell et al (1976).  Finally, the number of eggs per female Daphnia was determined for each species and used to indicate gross productivity.

Nitrate and phosphate concentrations will be determined colorimetrically using a Hach DR/850 colorimeter, the Hach cadmium reduction method for nitrate, and the Hach Phosver 3 method for phosphorus.  Nitrate and phosphate levels and ratios (Levine and Schindler 1992) will indicate if phytoplankton and thus zooplankton, is limited at the nutrient level.

Total chlorophyll concentration (Chls A + B + C) will be measured with a Turner Designs Model 10-AU field fluorometer within 24 hours of collection.  Samples for phytoplankton biovolume will be held in 250 ml amber bottles and immediately fixed with Lugol’s preservative (Prescott 1954).  Identification will be determined using Prescott (1954) and biovolume will be determined as per Wetzel and Likens (1991).
Hypothesis 1.3. Temperature and dissolved oxygen conditions do not limit the growth and survival of spring Chinook salmon and sockeye salmon in Lake Wenatchee. 

Work Element Name 1.3.1. Collect/Generate/Validate Field Data (157)

Work Element Title 1.3.1. Water temperature and dissolved oxygen data collection

Methods 1.3.1. Water temperature and dissolved oxygen will be collected from each sample station (from methods 1.2.1) on a bi-weekly basis from April to November, and once monthly from December to March.  Water temperature and dissolved oxygen profiles will be collected from the surface to a depth within 3 meters of the bottom, at 3 m intervals, using a YSI-85 or Hydrolab water quality meter.  

Work Element Name 1.3.2. Collect/Generate/Validate Field Data (157)

Work Element Title 1.3.2. Hydroacoustic Surveys

Methods 1.3.2.  Hydroacoustic surveys will be used to determine juvenile salmon abundance and distribution (Beauchamp et al. 1997) by extrapolating mobile hydroacoustic density data to reservoir area in late July or when stratification is most prominent.  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.  Lake Wentachee will be sampled on a single night, with transects conducted in an elongated zigzag pattern across the limnetic zone.  Surveys will be conducted during moonless nights and along transect at least 100 m from shore, >10 m deep, 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, and fish density will be extrapolated into the 0- to 1 m strata.  The downlooking transducer will be used to sample from 8 m to within 1 m of the bottom.  

Gill net and trawling surveys will be used to provide species verification, depth distributions, and length frequencies of acoustic targets.  The night of the survey and for 2 nights following the survey, vertical, floating and sinking horizontal gill nets will be randomly placed in the limnetic zone.  Vertical nets will consist of nets that are 2.6 m wide and 26.2 m deep, consisting 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 each 6.8 m long.  The mesh array will consist of 25, 38, 51, 64, 76, 89, 102, 127, and 152 mm stretch mesh.  Our efforts will cover up to 30% of the potential limnetic sampling sites that are deep enough (at least 10 m) to sample.  Maptech software will be used to spatially segregate (~500 m diameter) the limnetic sampling sites.  Using a quadrant map (one section = 1 square mile) a point will be placed near the center of each quadrant of each section in their respective township and range.  Additional points will be added along the North, South, East, and West borders of each section, as well as the center point (Polacek et al. 2003). An alternate method may be used where points will be placed 200 m apart along the predetermined hydroacoustic survey transects (Baldwin and McLellan 2005).  This method will provide uniform coverage of representative offshore sites throughout the lake, and a GPS point to navigate to for net deployment.

Work Element Name 1.3.3. Analyze/Interpret Data (162)

Work Element Title 1.3.3. Hydroacoustic Surveys – compare fish distribution to abiotic conditions

Methods 1.3.3. 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 –decibels (dB)) will be evaluated for downlooking targets.  Target strengths between -28.8 and -55.0 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.

Fish 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 then multiplied by reservoir volume to estimate abundance.  Two standard errors will be used to estimate the 95 % confidence interval of the acoustic abundance estimate.  For each transect, individual tracked fish will be verified as “real” within the post-processing software Echoscape 2.10 (HTI 2001).  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 is 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 is 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 is 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 (from netting) 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 m to max depth will be evaluated with netting data. 

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 1.3.1) to determine behavioral reactions to unfavorable conditions (Lueke and Teuscher 1994; Baldwin and Polacek 1999).

Objective 2. Based on results from Hypothesis 1.2, we will determine the feasibility of implementing a lake fertilization program and assess the risk and benefit to sockeye salmon and other planktivores in Lake Wenatchee. 

Hypothesis 2.1.  The carrying capacity for rearing sockeye salmon and Chinook salmon is not limited by secondary production in Lake Wenatchee.

Work Element Name 2.1.1. Produce Plan (174)

Work Element Title 2.1.1. Lake Fertilization Feasibility study

Methods 2.1. Reference data collected in Methods 1.2.1 to determine plankton species composition and bio-volume will be related to literature values to estimate cost/benefits of a lake fertilization program (Budy et al. 1998; Gross et al. 1998; Mazumber and Edmundson 2002).   Literature values, coupled with results from WE 1.2 will be used to determine feasibility and for comparisons with other fertilized sockeye waters (Kyle 1994; Arndt 2004; Hyatt et al. 2004).  An annotated bibliography will be produced and included in the first annual report.  The first 3 years of this project will serve as baseline if a lake fertilization program were implemented. 

Objective 3.  Acquire necessary permits to conduct sampling described above
Work Element Name 3.1.1. Produce Environmental Compliance Documentation (165)
Work Element Title 3.1.1. Obtain necessary permits and environmental evaluations

Methods 3.1.1. The WDFW already possesses a valid collection permit and is currently applying for renewal of a National Marine Fisheries Service section 10 permit for boat electrofishing and gill netting in waters containing ESA listed species.  The project sponsor will work with BPA to obtain the proper NEPA permit and other federal compliance.  This work will be conducted immediately if the project receives funding.

Objective 4. Manage daily project operations including staff, subcontractors, and administrative duties including all reporting.

Work Element Name 4.1.1. Manage and Administer Projects (119)
Work Element Title 4.1.1. Manage Project

Methods 4.1.1. 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 4.1.2. Produce Status Reports (141)

Work Element Name 4.1.3 Produce Annual Report (132)

Work Element Name 4.1.4 Produce/Submit Scientific Findings Report (183)

Methods 4.1.2-4.1.4.  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.

Project Outcomes based on the objectives above:

1. Quantify the biomass of sockeye salmon and spring Chinook salmon consumed by northern pikeminnow and bull trout and compare to the biomass of sockeye salmon and spring Chinook salmon in the lake.

2. Quantify the biomass of zooplankton consumed by sockeye and other planktivores and compare to the standing crop.

3. Estimate the abundance of northern pikeminnow and bull trout in Lake Wenatchee.

4. Implement program to monitor water quality, nutrients, phytoplankton and zooplankton.

5. Provide recommendations regarding the feasibility or need for a lake fertilization program based on results from objectives 1 and 2.

6. Determine the utilization of Lake Wenatchee as a nursery lake for spring Chinook salmon. 
Possible Project Implementation Statements (based on project outcomes): 

1. Partition mortality of predation between northern pikeminnow and bull trout and using methods proposed by Beamesderfer (2000), determine if removal efforts are warranted for northern pikeminnow.

2. Implement a lake fertilization program if bottom-up effects limit sockeye production, and the required plankton are present to benefit the sockeye food chain.

3. If a high percentage of sockeye are lost due to bull trout predation, increase the net pen program to protect juveniles from predation until their release just prior to smoltification.  

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 and the proposed Banks Lake Fishery Enhancement Project (BLFEP)(2001002800) and Lake Roosevelt Fisheries Evaluation Project (LRFEP) (199404300).  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 specifically for Lake Wenatchee.  These equipment-sharing opportunities represent a means of working in a cooperative and efficient manner within the province and sub-basin.  The project sponsor will include a capital purchase for a trawling boat for sampling the offshore zones of Lake Wenatchee.  This boat could also be used on other regional projects where trawling is needed, including the LRFEP, and the proposed BLFEP (200102800), Mid Columbia Trophic Dynamics Project (200703600), and the Lake Cle Elum Research Project (Abiotic and Biotic Factors Affecting the Success of Reintroductions of Anadromous Salmonids in Cle Elum Lake, Washingotn) (200705900).
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I. Key personnel

Matt Polacek, Principal Investigator

Washington Department of Fish and Wildlife

Large Lakes Research Team

Education:

Bachelor of Science – 

Fisheries/Aquatic Biology specialization

Central Washington University, June 1995

Masters of Science - 


Fisheries

Thesis – The early life history of young-of-year and juvenile bull trout, Salvelinus confluentus, in Indian Creek, Washington

Central Washington University, June 1998

Professional Employment History:

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.      



Publications and Reports:
Polacek, M.C., C.M. Baldwin and K. Knuttgen.  Accepted with revisions. Status,

distribution, diet, and growth of burbot in Lake Roosevelt, Washington.  Northwest Science.

Baldwin, C., J. McLellan, M. Polacek and K. Underwood.  2003. Walleye predation 

on hatchery releases of kokanee and rainbow trout in Lake Roosevelt, Washington.  North American Journal of Fisheries Management 23: 660-676.

Polacek, M.C. and P.W. James. 2003. Diel microhabitat use of age-0 bull trout in Indian

Creek, Washington.  Ecology of Freshwater Fish 11: 1-6.

Polacek, M.P., K.N. Knuttgen, and R. Shipley.  2003. The Banks Lake fishery

evaluation project.  Annual Report.  Bonneville Power Administration, Project Number 2001002800, Portland, Oregon.

Polacek, M.P., K.N. Knuttgen, H. Woller, and C. Baldwin.  2002. The Banks Lake

fishery evaluation project.  Annual Report.  Bonneville Power Administration, Project Number 2001002800, Portland, Oregon.

Baldwin, C. M., M. Polacek, and S. Bonar.  1999.  Washington Department of Fish and Wildlife, Lake Roosevelt Pelagic Fish Study, 1998.  Interagency report prepared for the Spokane Tribe of Indians and Bonneville Power Administration for contract # 94BI32148.

________________________________________________________________________

Dr. David Beauchamp, sub-contractor – bioenergetics modeling

Washington Cooperative Fisheries and Wildlife Research Unit

Dr. David Bennett, sub-contractor – project oversight and population analysis

University of Idaho, Northwest Ecological Sciences

Dr. Ross Black, subcontractor – limnological and stable isotope analysis

Eastern Washington University, Department of Biology
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