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Section 9 of 10. Project description

a. Abstract 
Moses Lake was once the premier fishery for resident fish species in central Washington, initially for crappie, bluegill, largemouth bass, and yellow perch and in later years for rainbow trout.  Beginning in the late 1970's and throughout the 1980's, these fisheries experienced a long and steady decline.  By 1990 the resulting fishery was thoroughly overrun by carp and bullheads with walleye as the dominant predator species.  Populations of crappie and bluegill were almost non-existent, perch were diminutive in size, and hatchery stocked rainbow exhibited poor survival.  Relatively few largemouth bass remained, and smallmouth bass largely displaced the remaining largemouth bass.


The projects purpose has been to restore the failed recreational fishery for resident gamefish species in Moses Lake in lieu of lost recreational fishing opportunities for anadromous species in the upper Columbia River.  The Washington Department of Fish and Wildlife proposes to restore the fishery through the systematic investigation of the individual aspects of the current situation (e.g. harvest, species diversity and abundance, recruitment, predator-prey relationships, primary productivity, habitat types and availability).  This information will enable the identification of those aspects, which have the greatest impacts on the fishery.  Once identified, those aspects capable of being manipulated can be discerned and the methods to do so implemented. 


The entire proposal consists of 3 phases.  Phase 1, was the assessment of all currently available information, the collection of baseline data, the formulation of testable hypotheses, and the development of a detailed study plan.  Phase 2,will be dedicated to the implementation of the study plan including, hypotheses testing and development of a management plan, and Phase 3, will be directed at the implementation of a management plan, monitoring and evaluation.  

b. Technical and/or scientific background
Moses Lake is the third largest natural lake in Washington and represents an invaluable asset for wildlife and fisheries propagation and recreational interest.  It is part of the Crab Creek drainage to the Columbia River and was connected to the Columbia Basin Reclamation Project in the 1950's.  Moses Lake is heavily influenced by irrigation transport and return flows and has been slightly enlarged and stabilized by the construction of outlet control structures.  The lake currently covers 6,800 acres, inundates 120 miles of shoreline, and is 16 miles long.


Moses Lake was once the premier fishery for resident fish species in central Washington.  The USFWS initially stocked fish in the lake during the 1930's and 1940's, and fisheries for black crappie, bluegill, and yellow perch were quickly established (Groves 1951).  Crappie began to dominate the fishery by the mid-1960's and continued as such until the early 1980's.  The first indications of this species decline in total harvest appeared during 1969-1974 (Duff 1976).  However, crappie still constituted three-quarters of the harvest during 1974, with bluegill and perch making up most of the remaining gamefish harvest.  Seventyfive percent of the angling effort during this time was for spiny-rayed species even though the Washington Department of Game had begun stocking the lake with rainbow trout.


Surveys during the latter 1970's indicated further declines in the total harvest of crappie and bluegill (Zook 1976, 1977).  Washington Department of Fisheries data also indicated that commercial carp harvest, at peak levels during the heyday of crappie harvest, was falling sharply due to failing market conditions.  By 1983, crappie and bluegill harvest together was only one-third of the catch, and perch and trout contributed about equally to the remaining harvest (Jackson 1985).  While the total angling effort had doubled since 1974, total harvest had only increased two percent, and almost half of the angling effort was now focused on trout.  Walleye were also documented for the first time during a creel survey in 1983.  Walleye had not been stocked in Moses Lake previous to this survey, and this species likely entered the lake from the Columbia River through the irrigation system.


Surveys throughout the 1980's indicated continued declines in the crappie and bluegill populations (Chadwich, et al 1985; Walton 1988; Eads, et al 1991).  By the end of the decade and early 1990's, even perch and the stocked rainbow trout were contributing little to the fishery.  Carp and bullheads were noted as the lake’s dominant inhabitants.  Walleye continued to increase in numbers during the early to mid 1990's and were eventually established as the dominant predatory species in Moses Lake (Korth, unpublished data).

c. Rationale and significance to Regional Programs
The Lake Roosevelt Subbasin Summary states, “The overall subbasin goal is to manage the myriad of native and non-native habitats and associated species to provide fish and wildlife harvest opportunities in the Lake Roosevelt Subbasin, which include the many area lakes and their subbasins used to achieve on and off-site mitigation for the loss of anadromous fish.”   


The objective for the Moses Lake Project as stated in the sub-basin summary is to, “Maintain and enhance a balanced and productive Moses Lake warmwater recreational fishery to near historical records as off-site resident fish substitution for the loss of anadromous fish above Chief Joseph and Grand Coulee Dams.”


Section 10.1 of the 1994 NWPPC’s Fish and Wildlife Program Resident Fish Goal states, “The program goal for resident fish is to recover and preserve the health of native resident fish injured by the hydropower system, where feasible, and, where appropriate, to use resident fish to mitigate for anadromous fish losses in the system.”


The Washington Department of Fish and Wildlife’s ability to provide fishing for native fishes has continued to decline, in large part due to the changing face of the habitats in which those fishes reside.  As species are listed under the Endangered Species Act or their status is scrutinized, other associated fisheries are also lost due to their proximity to the listed populations and the potential for anglers to impact the listed populations.  Those waters and habitats which are best suited to the propagation of non-native fisheries, such as Moses Lake, and where those non-native fishes have little or no impact on native fish resources, should be developed as a substitute for those native natural resources.  


Also included in the Fish and Wildlife Program is Section 10.2A.1,“The council has the following priorities for Columbia River Basin resident fish.  These priorities should be fully considered in addressing resident fish losses related to development and operation of the hydropower system.”

· Accord highest priority to weak, but recoverable, native populations injured by the hydropower system, as such population are identified for the council by the fishery managers.

The Moses Lake Project will serve to reduce impacts on native fish species.  This project will create a fishery that will increase angling opportunity for non-native species. Increased angling opportunity will decrease the angling activity over weak native resident populations within the Columbia Basin.  

Increased angling opportunity provided by the Moses Lake Project will provide revenue generated from license sales.  Additional license sales provide revenue for WDFW to provide additional resources towards the management of native resident fish populations within the Columbia Basin.   

· Accord high priority to areas of the basin where anadromous fish are not present.

The construction of Chief Joseph and Grand Coulee Dams excluded anadromous fish from the Lake Roosevelt Subbasin.  

The absence of anadromous fish and the inability to ever establish their presence in Moses lake provides for the ideal setting to create a popular recreational fishery for non-native fish.   

· Accord high priority to resident fish projects that also benefit wildlife/and or anadromous fish.

The alternative fishery developed in Moses Lake will attract sport harvest that otherwise might be directed at depressed native anadromous stocks in the Columbia Basin.

The success of the Moses Lake project will benefit several different species of Wildlife.  Increased numbers of fish in Moses Lake will benefit crested cormorants, common mergansers, hooded mergansers and bald eagles.   

Non-native resident fish distribution is constantly expanding in the Columbia Basin.  As non-native fish enter into interactions with native fish, the fish managers in the Columbia Basin are left with questions as to how best to manage non-natives to limit their impacts to native fish.  This project will collect information on non-native habits in the Columbia Basin.  Critical portions of knowledge such as, diets or habitat preference will be available to managers to best manage non-natives to avoid negative impacts to native anadromous fishes.  For example, walleye distribution now stretches the entire length of the Columbia River.  Little is known about diets, seasonal habits or harvest impacts of walleye across this distribution.  Perhaps information gained from this project could prove useful in filling some of the knowledge gaps that currently exist in regards to this situation.  

Accord high priority to populations that support important fisheries.  This priority applies to introduced and native species, including trout, sturgeon, kokanee, burbot, bass, perch and others.

Historically, Moses Lake was one of the most important fisheries in Central Washington.  High priority has been given to populations, native or non-native, which support important fisheries.  Moses Lake does not provide a native fishery, but angling activity and recreational value make this an extremely valuable fishery to the public of Washington State. 

Also included in the NWPPC’s Fish and Wildlife Program is Section 10.8A.  This section states, “Resident fish substitution projects will:

· Address unmitigated losses of salmon and steelhead attributable to development or operation of hydropower projects.

The Moses Lake Project seeks mitigation for the construction of Chief Joseph and Grand Coulee Dams.

· Generally occur in the vicinity of the salmon and steelhead losses being addressed; and

Mitigation for the construction of Chief Joseph and Grand Coulee Dams specifically applies to the loss of anadromous fish runs.  Following the construction of these dams anadromous fish migration was blocked above these facilities.  The Moses Lake Project occurs in the Lake Roosevelt Subbasin above Grand Coulee Dam.  Moses Lake receives water from the Columbia River at Lake Roosevelt by way of the Reclamation Project, and returns flow to the Columbia through Crab Creek, various canals, waterways and groundwater return.  The Majority of water received annually within the shores of Moses Lake is derived within the watershed of the Columbia River.  While the term off site mitigation is often applied to the Moses Lake Project it is not entirely accurate in light of Moses Lake’s connection to the Columbia River and the Lake Roosevelt Subbasin.  

· Be consistent with program Section 10.2.

See comments above.

In conclusion, the Moses Lake project through direct benefits will provide; a recreational fishery for the residents of Washington State, mitigation for lost anadromous fish and habitat protection on Moses Lake.  Indirect benefits gained from the project are; reduced harvest on native resident and anadromous fish as a result of increased angling opportunity on Moses Lake, Increased license sales that translates into increased revenue for WDFW to manage native resident and anadromous fish in the Columbia Basin, and protection of habitat and increased forage for certain species of wildlife on Moses Lake. 

d. Relationships to other projects 
The project is related to the Joint Stock Assessment above Chief Joseph and Grand Coulee Dams Project (199700400).  All data collected is sent to the project to be entered on the unified “blocked area” database. The data is available for analysis and will be contained on the database developed by the JSAP project.  GIS capabilities that the JSAP has, will be used for analysis of data collected on the Moses Lake Project.  

The Moses Lake Project is also directly related to the Lake Roosevelt Fisheries Evaluation Program (199404300) and the proposed project for Banks Lake (Evaluation of the Banks Lake Fishery).  Moses Lake receives water and fish through entrainment from Lake Roosevelt and Banks Lake.  These projects all contain objectives to quantify warmwater populations and how best to provide for sustainable recreational fisheries for these warmwater fishes.  The projects will be capable of exchanging information regarding the management of exotic species in similar and contiguous habitats. 

e. Project history (for ongoing projects) 

A. Project Number

199502800

B. Adaptive management implications

C. Project reports and technical papers

FY 98 annual report has been completed and submitted to Bonneville Power Administration.

FY 99 annual report to Bonneville Power Administration will be completed and submitted by October 1, 2000.

D. Years underway


The project was initiated January of 1999 on the FY 98 contract.    Funding was received late in FY 98, and activities on the FY 98 contract were confined to equipment purchase, hiring of personnel and preliminary analysis of historical creel and biological data.  Fiscal year 99, the first full contract year of activity, was September 26, 1999 to September 27, 2000.  The project began full implementation of project objectives and tasks September 26, 1999. 

Funding for FY 2000 will initiate Phase 2 of the study and will begin September 27, 2000.

E. Summary of major results achieved


The Moses Lake Project was initiated in January of 1999.  The tasks first undergone were the research of literature both biological and physical specific to Moses Lake.  Literature review of scientifically relevant materials was done concurrently.  The product completed consists of a 41-page bibliography including all relevant documents to Moses Lake and biological literature.  

Several historical studies of Moses Lake were found.  Creel surveys dating back as far as 1974 were compiled to determine the change in species harvest and angler effort over time (Table1).  
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Table 1 Creel surveys from 1974, 1983, 1991 and 1996.  


Table 1 indicates that harvest of panfish has declined over the last 25 years.  Walleye initially recruited to the fishery in 1983.  It would appear that the population of walleye has steadily enlarged, as indicated by increased harvest for each creel survey conducted since 1983.  Effort and the type of angler have shifted for the fishery.  Total hours of effort decreased and anglers more commonly used boats to pursue fish rather than shore angling.  By 1996, 75 percent of the anglers were using boats to pursue fish, consistent with the decrease in the panfish fishery.  Panfish were easily accessible from shore and were commonly pursued in that fashion.  As walleye became the major fishery more highly specialized angling techniques were employed.  This type of specialized fishery was very limiting to anglers because equipment requirements increased, and ease of harvest was limited.  The economic and recreational value of the fishery became limited, as the more specialized walleye fishery was the only fishery left on Moses Lake.


Historical warmwater surveys were reviewed (Table 2).  Studies done in 1978 and 1989 in comparison with baseline information collected in1999 indicated that populations of warmwater fish have changed in the past 25 years.  Panfish populations have reduced in relative abundance.  Black crappie and bluegill accounted for nearly 50 percent of the surveyed fish population in 1978.  By 1999, black crappie and bluegill only accounted for approximately 17 percent of the population surveyed.  Largemouth and smallmouth bass accounted for 17 percent of the population in 1978.  By 1989, they represented only 1 percent of the population surveyed.  This may have indicated that walleye displaced the pre-existing predator populations.  In 1999, largemouth and smallmouth accounted for a larger proportion of the population, 10 percent.  This increase in abundance could have occurred because of the increase in angler harvest of walleye between 1989 and 1999 (Table 1).

Table 2 Species Composition for surveys conducted in 1978, 1989 and 1999.
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The reduction in walleye numbers from angler exploitation may have left some room for the recruitment of largemouth and smallmouth bass to the population. Walleye were sampled in 1989, but did not occur in the 1978 survey.  This would indicate that walleye did not establish a large detectable population until some time following the 1978 survey.  The relative abundance of walleye from 1989 to 1999 has decreased.  This is most likely a function of angling exploitation reducing the abundance of walleye in the lake.  Angling for walleye did not occur regularly in Moses Lake until the early 1990’s.  


Baseline biological data gathered from 1992 to 1998 was also considered.  This data was in raw form, and once entry and processing of the biological data was complete the process of analysis was initiated. The baseline biological data was collected both spring and fall 1992 to 1998.  As to not skew age and growth or condition (Relative Weights) conclusions, the data was broken into season (spring or fall) and analyzed.  


The largest portion of data was scales collected for most years between 1992 and 1998.  Over 2000 sets of scales were mounted, pressed, read and analyzed.  Three separate observers read scales.  Any scale not in agreement amongst the three observers was re-read and if not agreed upon thrown out of the sample.  Analysis of the scales was done using the Direct Proportion and Lee’s Regression analysis.  Results indicated that growth for all species of warmwater fish was within acceptable norms (Figures 1 through 6).  Walleye, black crappie and bluegill exhibited growth rates that were exceptionally fast in comparison to Washington statewide averages ( Figures 1,2 and 5). Excellent growth rates may be accounted for in walleye by considering that abundant forage was available for them to predate upon.  Black crappie and bluegill are both density dependent in relation to growth.  It may be that low density populations of black crappie and bluegill would allow for exceptional growth rates.  


ANOVA was conducted to detect any increase or decrease in growth of warmwater fish over time that would indicate changes in forage availability or primary productivity.  No statistically significant evidence to indicate that either had occurred was found.  Trend analysis using mean growth by season and year for each species was used to detect changes in growth rates.  No differences in growth that would indicate specific changes to forage availability or primary productivity in the system were noticed.  Some minor change in growth for all species was exhibited, but can probably be accounted for by natural variability within the system (i.e. weather, seasonal mean temperatures or hydrologic regime). 
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Figures 1 , 2, 3, 4, 5 and 6 Mean growth by sample season and year for black crappie, bluegill, largemouth bass, smallmouth bass, walleye and yellow perch. 
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[image: image5.wmf]Mean Growth for Largemouth Bass
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[image: image6.wmf]Mean Growth for Smallmouth Bass
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[image: image7.wmf]Mean Growth for Walleye
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[image: image8.wmf]Mean Growth for Yellow Perch
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Condition of fish was tested next.  Relative Weights were analyzed to determine if condition of warmwater fish were within expected norms.  Results indicated that most warmwater fish conditions were within the expected norms for both seasons.  Black crappie, bluegill and yellow perch relative weights increased over time (Figures 7 and 8).  This might indicate that growth is limited by competition for the available forage during early life history stages of panfish.  Walleye exhibited the poorest condition of all the warmwater fish (figures 7 and 8).  Indications were that condition of walleye dropped over time.  This might have indicated that walleye had a competitive advantage over panfish in early life history stages, but were limited in condition later in life history due to high predator densities.  Trend analysis of Relative Weights did not indicate any profound difference in conditions of fish over time.  Similar trends in condition of panfish and walleye were exhibited for each season and year sampled.  No differences could be detected that would highlight deficiencies indicating the reason for the poor recruitment of panfish to the fishery.

           Figures 7 and 8 Mean Relative Weights for sample season and year by species.
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Further analysis of the baseline biological data was limited by the method that the data was collected.   Data from 1992 to 1998 was collected using solely electrofishing. Electrofishing biases the sample by selecting for larger sized fish or missing entire species that are adept at avoiding the sampling technique. Bias in size and species collected made it difficult to use indices for analysis such as Species Composition, Length Frequency Distributions and Catch Per Unit Effort .  It became evident that additional baseline samples were required to accurately sample the entire fish population of Moses Lake.  

For the fall of 1999 and spring of 2000, the project initiated baseline sampling using the standardized protocol developed for the WDFW warmwater enhancement program.  The protocol uses three separate gear types for sampling, electrofishing, gill nets and trap nets.  The use of the three gears is intended to cover the bias of each separate gear type.  Initially all three gear types were used in the fall 1999 sample.  Analysis of Variances for the trap nets indicated that they were capturing fish that were already appearing in the sample using electrofishing and gill netting.  The decision was made to exclude the trap nets from the survey to save time and spare the sample from repetitive sampling of the same species and size classes of fish.  The shoreline of the lake was broken into 400 meter transects and  90 transect were randomly sampled.  Ratios of sampling were two electrofishing transect to one gill net transect (2:1).

Analysis of the fall and spring samples was done using the same techniques as were employed on the 1992 to 1998 baseline data analysis. Fall 1999 and spring 2000 data was separated by season to avoid combining seasonal samples and increasing bias.  Age and Growth and Relative Weights were investigated and did not lead to any conclusions differing from what had previously been discerned from the 1992 to 1998 baseline biological samples analysis.  

Additional indices not formerly employed in the analysis of 1992 to 1998 data were used for the fall 1999 and spring 2000 samples.  The additional indices used were; species composition, catch per unit effort, and length frequency distributions.

Species composition  (Tables 3 and 4) for fall 1999 and spring 2000 surveys indicated similar total relative abundances for warmwater fish.  Walleye were the most abundant warmwater predator sampled in both surveys.  Largemouth and smallmouth bass combined did not total the relative abundance of walleye in the samples.  Yellow perch were the most abundant panfish in both surveys.  Black crappie and bluegill were limited in relative abundance in both surveys.  Total relative abundances of panfish in the spring 2000 survey are considerably lower than in the fall 1999 survey.  This could have indicated that recruitment of panfish was limited from fall to spring by factors such as predation, competition or lack of forage.  Walleye abundance actually increased from fall to spring.  This could be an artifact of behavior or seasonal susceptibility to sample gear, or may have indicated that walleye age 0+ fish recruit to the population at a substantially higher rate than panfish, thus not reducing the overall walleye relative abundance by season.  Indications that walleye recruit at higher rates than panfish to the population would infer that there was a predator dominated population.   A high density population of predators could have potentially limited the recruitment of panfish to the population through predation.
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Table 3 and 4 Species composition for fall 1999 and spring 2000.
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Catch Per Unit Effort (CPUE) for fall 1999 indicated a high abundance of age 0+ panfish and walleye present in the lake.  The spring 2000 survey illustrated that CPUE was decreased between fall 1999 and spring 2000 for panfish and somewhat for walleye.  This would indicate that juvenile fish (0+ in the fall and 1+ in the spring) declined in number from fall to spring.   Catch rates were considerably reduced for panfish in the spring sample.   Black crappie catch rates were reduced 64 percent from the fall 1999 sample, bluegill were reduced 93 percent, and yellow perch 84 percent. Catch rates for walleye were reduced 80 percent from the fall sample, but the most abundant juvenile fish collected in the spring 2000 sample was walleye.  It could be reasonably expected that catch rates of prey should be considerably larger than catch rates of predators.  Catch rates for spring 2000 supported that a limited amount of panfish was recruited to the population.
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Table 5 and 6 Catch Per Unit Effort for fall 1999 and spring 2000.  Confidence intervals are 80 percent.
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Length frequency distributions (LFD’s) are used to detect size class recruitment deficiencies in a population.  LFD’s for panfish based on fall 99 and spring 2000 samples were inadequate in sample size to accurately predict size class recruitment.  Success of size class recruitment and variability within the population were almost undetectable.  This indices may have been more useful if the long term baseline biological data had lent itself to this form of analysis.  No discernible trend could be detected using this index.  This indicates that long term indices related to recruitment need to be established to monitor the success of the project.  The ability to efficiently track age and size class recruitment of warmwater fish to the population could prove to invaluable  LFD’s indicate that while each size class of fish is recruited the total densities are not reflected by this index.  LFD’s do not quantify total densities per size class.  This index is merely limited to predicting size class density in relation to other size classes per species of fish. .  Both fall 1999 and spring 2000 surveys did not indicate any glaring deficiencies in recruitment of size classes of warmwater fish. LFD’s did not indicate that any certain species was not recruiting some fish to each size class.  This leads to the observation that all warmwater fish in the lake are capable of recruiting some fish to the population.  However, LFD’s did indicate that all species of fish had each age class represented.  Recruitment of panfish is definitely limited or larger populations of panfish would be represented in the sample.  


The project undertook the task of data entry and analysis of historical water quality information.  Water quality information represented the years 1977 to 1988.  Trend analysis to detect changes in water quality over time found that, temperature, dissolved oxygen, pH conductivity and total dissolved solids were not limiting to the survival of warmwater species in the lake.  Nutrient levels indicated that large amounts of nutrient were available to organisms in the system.  However, total nitrogen and phosphorous appeared to be reducing over time.  This was reflected in the decreasing trend of chlorophyll-a production from 1977 to 1988 (Tables 7, 8 and 9).  A reduction in total chlorophyll-a could have indicated a reduction in primary productivity as a whole.  This could have been among the limiting factors that prohibited the production of panfish at historic levels.  Unfortunately the historic water quality data did not continue far enough into present time to detect whether this was a continuing trend.  

Table 7 Mean chlorophyll-a by transect site and mean for all transect sites for 1977 to 1988.
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Table 8 Mean total phosphorous by transect site, and mean for all transect sites for 1977 to 1988.
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Table 9 Mean total nitrogen by transect site, and mean for all transect sites for 1977 to 1988.
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Historical and current baseline data have limitations in their efficacy to test all potential variables in a population.  Biological samples did not adequately sample or test impacts or contributions to the population dynamics of Moses Lake from common carp, lake whitefish and rainbow trout.  These species are known to interact with warmwater fish in Moses Lake.  Competition with, or predation on, warmwater fish is a distinct possibility in regards to these species.  The study design will consider these species and will effectively test their individual and cumulative impacts to the fish population of Moses Lake.


It appears from analysis of historical harvest data, historical and current biological data, and historical water quality data that some specific changes have occurred in Moses Lake. 

1. Panfish abundances have decreased.  This could be supported by reduced panfish harvest, low relative abundances of panfish in samples and growth rates that indicated that panfish populations are low density.  

2. Predator abundances have increased.  This could be supported by increased harvest of some predators, or that some predators exhibited excellent growth rates, but low Relative Weights, highlighting that while satisfactory forage was available to predators, high predator densities limited their ability to forage effectively.

3. Primary productivity has decreased over time.  Limited resources may lend itself to competition that could be reflected in poor recruitment of panfish. 

4. The population as a whole has switched from prey to predator dominated.


Specific causes for these changes cannot be defined.  Methods to test the direct influences for these changes will be addressed in the study design portion of the project.  These changes to the warmwater fish population have lead to the formulation of final testable hypotheses for the project.  

The hypotheses are as follows:

1. Recruitment of panfish is limited by interspecific and/or intraspecific competition.

2. Recruitment of panfish is limited by primary productivity.

3. Recruitment of panfish is limited by predation.

4. Recruitment of panfish is limited by habitat quality and quantity. 

5. Recruitment of panfish is limited by angling exploitation. 

F. Past Costs 

FY 1998 costs – Approximately $100,000

FY 1999 costs- $243,000

FY 2000 costs- $233,000  - FY 2000 contract starts September 27, 2000.

f. Proposal objectives, tasks and methods
 Overall Objective: Maintain and enhance a balanced productive warmwater recreational fishery to near historical records in Moses Lake.

Objective 1. Determine what factors limit the recruitment of panfish to the Moses Lake recreational fishery.

NOTE:  Phase 2, the development of the project study design will not be completed until September 26, 2000.  Some details in the methods section are still ion the process of being developed.

Hypothesis 1. Recruitment of panfish is limited by interspecific and/or intraspecific competition.

Hypothesis 2. Recruitment of panfish is limited by predation.

Task 1.1 Conduct fish diet study.

Methods: 

To determine the diets of fish in Moses Lake, stomach contents will be collected via gastric lavage methods.  Fish will be collected during daylight and night hours to better understand their diets over the 24-hour period.  To lessen our sampling bias, we will use three sampling methods, electrofishing, gill netting and angling.  The latter of the three has proven to be successful and used extensively for a variety of fishes (Brown 1995).    Using the more conventional sampling methods such as electrofishing and gill netting will permit us to sample regions of the lake with a concentrated effort.  

Upon capture a fishes’ stomach will be pumped using a modified handheld pesticide sprayer with an elongated hose that is inserted into the stomach orally.  Once in place water pressure will be pumped into the subject fish emptying the contents into a tray.  The fish will then be released and the contents preserved in 95% alcohol to be identified at a later date. The method of gastric evacuation (GR) has been used successfully on a variety of sizes and species of fish (Singh-Renton and Bromley 1996; Ruggerone 1989; Brown 1995; Hartleb and Moring 1995).  Using this method will permit us to preserve stomach contents in alcohol, which is safer to handle and less expensive than formalin, which would be used if we were to, keep the fish’s stomach (Porath and Peters 1997).  In the event that a fishes’ stomach cannot be evacuated of its contents the fish will be sacrificed and the stomach taken as a sample.  

The lake will be divided into four relatively equal sections.  Equal sampling effort will be conducted in each of the four sections.  Species to be sampled are yellow perch, walleye, smallmouth bass, largemouth bass, rainbow trout, bluegill, and black crappie.  Secondary species include, carp, lake whitefish and brown bullhead.  To better understand the diet of the above-mentioned species with regards to ontogeny, we would like to obtain samples from both juveniles and adults.  

Contents will be analyzed in house and will be identified to order for macroinvertebrates, genus for zooplankton and to species for fish whenever possible.  Any fish found in the gut contents will be measured for both length and width.  Contents will be identified using Pennack’s key, freshwater invertebrates of the United States (1989),Wydoski and Whitney’s Inland Fishes of Washington Key for fish (1979) and inland fishes of Washington bone key developed by WDFW’s Inland Research Division.  

With the contents of individual fish collected and identified, we will determine what the percentage of food items is for individual species a using percentage method (Marreo and Lopez-Rojas 1995).  Further analysis will include parametric tests such as the t and ANOVA to determine if there is a significant difference in the diets of fishes sampled.  Depending on the success and time constraints a correlation between the zooplankton data (see task 1.4) and diet data will be conducted.  Some studies point to a positive correlation between zooplankton abundance and fish diets (Bremigan and Stein 1994), other studies do not (Westerlund et al. 1998).

Justification:
Collecting the stomach contents would allow us to determine what if any diet overlap exists between the fishes of Moses Lake.  As well as interspecific overlap, we may also be able to conclude if there is any intraspecific overlap occurring related to different age and size classes.  Consumption of panfish by predators will allow for quantification of predation rates on panfish populations by species and size class of predator.  Also consumption of zooplankton and invertebrates by species and size class of fish can be determined (see Task 1.2). The necessary number of samples and sites to sample are still being determined.  
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Task 1.2 Obtain quantitative estimates of warmwater gamefish populations.

Methods:

There are a variety of models and methods that can be used to estimate the population of fish within Moses Lake. Prior to selecting a population model an investigator must first determine whether or not the system in question is open or closed.  For example a closed model such as the Lincoln-Peterson Model that requires no additions or emigration of fish may not be valid for a system such as Moses Lake.  With the influence of Crab Creek flowing into Moses Lake and two outlets at the south end there could be a substantial loss or addition of fish into Moses Lake.  As a result an open model such as the Jolly-Seber Model that is robust enough to accommodate immigration and emigration of fishes is the best model for Moses Lake.  With the Jolly-Seber Model sampling may be continual and may consist of a variety of techniques necessary to capture fish.  As the sample size increases so does the power of such a model.  The database that is to be collected from Moses Lake is expected to be very large.  To save time and reduce the risk of human error that may be experienced by performing the calculations by hand, a software package called Jolly® will be used (Pollock et al. 1989).  Using this software package will allow more time to be spent on capturing and marking fish.  In addition a running population estimate can be calculated after each entry into the database.    

Fish will be captured using a variety of techniques.  Conventional methods are to include electroshocking and gillnetting.  All warmwater gamefish sampled will receive a caudal hole clip and an additional Floy® tag to be place on the left side adjacent to the dorsal fin.  The reason for inserting a tag in this region is to increase the probability of tag retention.  Pterygiophores, which are the structures located within the body of the fish, become spines or fin rays outside of the body.  These structures will serve as an anchor for the tags once inserted into the fish.  If fish are being recaptured with only the caudal clip remaining then a tag retention rate can be calculated.     

The study will start October 1, 2000 in conjunction fish diet study.  All fish captured will have their stomach contents removed, preserved, and prior to release they will receive the necessary tags.

Justification: 

Total estimated populations of each individual species and age class of species will enable the project to better interpret effects of each species on whole population dynamics. Understanding the dynamics of the fish population will aid in interpreting the effects of such things as predation or competition (see Task 1.1 and 1.4).  
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Task 1.3 Investigate age and growth of predators using scales vs. otoliths.

Methods:

Scales and otoliths will be collected from walleye, largemouth bass and smallmouth bass.  Both structures will be collected from five fish per 10 mm size class.  Three independent readers will read each structure.  Structure ages not in agreement amongst the readers will be re-read and if not agreed upon thrown out of the sample.  Aging accuracy will be compared between scales and otoliths to develop a more reliable method of aging for predators.

Justification:

Literature review suggests that aging large predators beyond a few years of age can be difficult with scales.  To ground-truth previously collected age and growth data, scales vs. otoliths will be tested. Understanding the potential age that predators can reach will detail the temporal impact predators can have on prey populations.  Determining age structure may influence harvest strategies for predator populations in Moses Lake. Age frequencies can be constructed from this information and used as an index for year class recruitment.

Hypothesis 3. Recruitment of panfish is limited by primary productivity.

Task 1.4 Conduct zooplankton density and species composition study.

Methods: 

Zooplankton samples will be collected monthly using a Clarke-Bumpus plankton sampler.  Sites will be selected that are representative of the major areas of the lake.  The lake will be divided into four relatively equal sections. A representative sample will be taken from each of the sections. All four sections of Moses Lake will be sampled with one inshore and offshore site.  These sites will be sampled during night and day hours because literature suggests that there is often a considerable amount of vertical and horizontal migration that occurs with zooplankton  (De Stasio 1993).  Both vertical and horizontal tows will be used to collect samples.  Vertical samples will start from the substrate up to the surface.  Horizontal tows will be carried out at the surface and one meter below the surface for 30 seconds each tow.  The volume of water sampled will be calculated by multiplying the distance sampled by the area of the net opening.  This will allow us to calculate the number of zooplankton for any given volume of water.

At the end of each tow, zooplankton samples will be preserved in Lugol’s solution and held in whirl packs to be identified at a later date.  Samples will be identified to genus using Pennacks invertebrate key (1989).  The volume of water sampled will be calculated using the following formula: 

V=D*A

Where D is the distance traveled and A is the area of the opening of the sampling device.

The total density of zooplankton will be calculated using the following equation:

Dz=n/V

Where n is the number of zooplankton and V is the volume of water sampled.  

We will also be able to calculate the density of each genus with in a given volume of water and in turn calculate genus composition of zooplankton.

Monitoring the zooplankton abundance will permit us to detect any changes over time.  Analysis of this data will include a Chi2 to test whether or not that a change in abundance is significant.  An ANOVA will be conducted to determine if there is a significant difference in the abundance of the various genus sampled during each month.

Justification: 

To better understand the trophic dynamics of Moses Lake, analysis of the available food base must first be studied.  Historically, Moses Lake has been classified as a eutrophic system leading us to assume that there is no shortage of primary production.  Hence, we have opted not to collect any chlorophyll data and concentrate on the next related trophic level, zooplankton.  Zooplankton are considered an important resource in the aquatic system and may have a profound effect on a community (Westerlund et al. 1998; Noble 1975; Galbraith 1975).  Conversely, the fish community may also affect the zooplankton community with regards to abundance and distribution (Von Elert and Loose 1996; Lott et al. 1998).  Zooplankton community data in conjunction with diet analysis will allow us to better understand the trophic dynamics of Moses Lake.
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Task 1.5 Monitor water quality.

Methods:

Water quality data will be collected monthly.  Sites will be selected that are representative of the major areas of the lake.  The lake will be divided into four relatively equal sections. A representative sample will be taken from each of the sections.  Data will be collected using a Hydrolab( water quality probe.  Water temperature, total dissolved solids, pH, and conductivity are the parameters to be collected.
Justification:

Trend data is irreplaceable in analyzing long term factors that were or may be limiting to lake productivity or fish populations.  The project seeks to develop a long term data set for water quality.
Hypothesis 4. Recruitment of panfish is limited by habitat quality and quantity.

Task 1.5 Monitor water quality.

(see under Task 1.5)

Task 1.6 Collect habitat utilization data, with emphasis on production and rearing areas.

Methods: 

Data collected from Tasks 1.1 t 1.4 will be gleaned to determine habitat types that are preferred by species of interest.  Of particular interest is production and rearing habitat.  As sample time on Moses Lake increases trends in habitat use will become evident.  These trends and the associated data will be used for Task 1.7.   

.

Justification:

Habitat utilization data can lead to the determination of habitat critical for production and rearing.  Impact of continued development of shoreline areas cannot be assessed or defended against until critical habitat areas are identified.

Task 1.7 Development of GIS coverage regarding habitat utilization and fish distribution.

Methods:

Using Arc-Info software coverage maps incorporating all shoreline and biological data collected will be developed.  Maps will detail habitat quality and quantity, critical rearing and production areas, current shoreline development, fish distribution, and fish density. 

Justification:

Maps developed will provide spatial tools for analysis of fish population dynamics and areas critical for use and protection.

Hypothesis 5. Recruitment of panfish is limited by angling exploitation.

Task 1.8 Conduct 12 month intensive creel survey.

Methods:

 Two large creel surveys were conducted during 1974-1975, and 1983 (Duff 1976; Jackson 1985).  Both consisted of questioning boat and shore anglers to determine the number and species of fish caught, and the amount of time spent fishing. The size of Moses Lake and the number of accesses required expansion of the interview data.  


Moses Lake 6,800 acres with multiple access throughout hinders an absolute creel survey. (Bain 1987).  Hence it is neither economically or logistically feasible to strictly adhere to either a roving or access point creel design.  An access point creel survey requires a clerk to remain at an access and interview anglers as they leave (Hayne 1991).  Due to the multiple access sites on Moses Lake this is not a practical method.  When a clerk moves through a fishery following a prescribed root and interviews anglers this is called a roving creel survey (Robson 1991).  Within this survey type there are several dimensional parameters such as time and distance and random start time are quantified and used in calculating the creel estimate.  Because fishing times on Moses Lake is anything but random, data may be skewed using a roving survey.  For large bodies of water, such as Moses Lake the bus stop survey method may be the most applicable.  This survey requires the clerk to move along a predefined route, interview anglers for a set amount of time and then move to the next site (Hahn et al.  2000).  This is similar to the methods previously used on Moses Lake.  For the purposes of the Moses Lake Fisheries Restoration Project much of the same protocol will be used as in previous surveys.  Consistency of protocol will allow for comparative analysis between different sampling dates.  The three main components that are consistent for the previous and future creel surveys are index counts, creel data, and effort (Korth 2000). 

Index counts will consist of determining how many anglers; both boat and shore are recreationally fishing on Moses Lake at a given time.  At each site, the creel clerk will count the number of shore anglers and vehicles within the parking lot that could possibly transport a watercraft.  Each site will be surveyed as quickly as possible until all of the index sites have been completed.    Index sites to be sampled are listed below:

1. Airman’s Beach-  Located off of highway 17.  Boat, shore and vehicle counts.

2. Cascade Valley-  Located on Valley Rd. within Lewis Horn.  Boat, shore and vehicle counts.  

3. Moses Lake Park (formerly state park)-  Located off of I-90 exit 174.  Shore and vehicle.  Shore anglers on I-90  Bridge will be included within this site.  

4. Penisula Drive Boat ramp-  Located on the west side of  Pelican Horn.  Shore (minimal), and vehicle.  

5.   Mountlake Boat ramp-  Located up Pelican Horn off of Mountlake Dr.  Shore (minimal), and vehicle.

6. Alder St. Bridge-  Shore.  

7. Pelican Horn Railroad Bridge-  Located off of Lakeside Dr.  Shore only.

8. Big Sun Resort- Shore and vehicle.  

9. Sunland Camping Resort-  Located south of I-90, off exit 174.  Shore, no vehicle.

10. Moses Lake Outlets-  Located south of I-90 on the east side of the lake behind the Washington State Patrol Office.  Shore anglers only

11. Dunes Off-Road Vehicle Park-  South end of Moses Lake.  Shore, no vehicle.  

Index sampling will take place during four weekdays and two weekends/holidays per month in which selection of days will be random.  Days selected for will be broken into two four-hour blocks in which one index count will be carried out per four-hour block.  When day-length is long, it may be necessary to create three four-hour blocks.  During each four-hour block the time that the index count is conducted will be randomly selected.  Data collected will consist of total number of shore anglers and vehicles that could transport a vehicle per index site.  Total counts of anglers will also be conducted on two of the index sampling days.  Counts will be carried out via boat and will include counting the number of shore anglers, number of boats where fishing is occurring, and number of people in each boat that are fishing.          


Creel data collection will be collected sixteen weekdays and four weekend/holidays per month.  Six of the twenty creel sampling days will take place on the same days in which index sampling occurs.  However, creel data collection will not be conducted during the index counts.  Creel data collection will be carried out before and after each index count.  The remaining fourteen days in which creel surveys are required will be selected randomly every month.              


Data from each creel survey will be collected using the WDFW angler survey form.  Data collected will include:

1. Party size.

2. Time checked or finished.

3. Determine age of party members.

4. Hours fished.

5. Satisfied or dissatisfied with trip.

6. Angler type:  boat, shore, float tube, ice.

7. Gear type:  lure, bait, flies.

8. Species caught:  Abbreviations will be consistent with state protocol.

9. Number and species of fish kept.

10. Number and species of fish released

11. Length (mm)

12. Counts:  The number of boats and shore anglers fishing.

Compiling total count, and data from the assigned index sites will permit the expansion of total anglers at any given time.

Other data collected will include air and water temperatures, barometric pressure and current weather conditions (raining, clear, cloudy, windy).  It has been shown in various studies and is a well-known fact of anglers that weather conditions can dictate feeding patterns in warmwater fishes.  Hence the impetus for collecting such climate data.  If anglers are cooperative, scale samples lengths and weights will be collected from fish that are kept which in turn will permit the development of a length and age frequency for angled fish.

Creel data will permit such calculations as how many fish are caught per a given amount of time by boat and shore anglers, the total number of fish harvested and the effort that was expended in doing so.  With this data, managers will receive an accurate census of the current status of angling on Moses Lake and combined with relevant data mitigation measures may be employed if it is deemed necessary.   

The proposed start date for this intensive creel survey is the 1st of April 2001.  Below is an overview of the schedule that will be required of the Scientific Technician II that will be appointed to conducting the creel survey on Moses Lake.  

1. Creel data collection:  20 days/mo.  16 weekdays, 2 weekend/holidays.

2. Index data collection:  6 days/mo.  4 weekdays, 2 weekend/holidays.  This will be collected during the same days in which creel data are being collected.

3. Total counts:  2 days/mo.  1 weekday, 1 weekend/holiday.  Total counts will be conducted on 2 of the index data collection days.  These counts may be coordinated between the temporary creel clerk and a biologist on the Moses Lake Project staff.  

Justification:


Data collected from this survey will allow the calculations of fish caught per a given amount of time by boat and shore anglers, the total number of fish harvested and the effort that was expended in doing so.  With this data, managers will receive an accurate census of the current status of angling on Moses Lake.  Current harvest of each species can be applied to harvest models to determine specific impacts to the population caused by angling. 
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Final Justification:

The Tasks listed above are directed at testing the final hypotheses developed for the

Project.  Findings from the study design will be carried forward to develop a 

Management plan for Moses Lake. 

Objective 2. Develop, implement and monitor and evaluate management plan.

Task 2.1 Develop the management plan.

Methods:

Modeling of population dynamics.
Bioenergetics-

Use the Wisconsin 3.0 bioenergetics model to determine monthly, seasonal and annual consumption by species and size class of fish.

Harvest Modeling - 

Use American Fisheries Society, Fisheries Analysis and Simulation Tools (F.A.S.T.) to determine optimum levels of harvest to limit competition and predation while maintaining a sustainable recreational fishery.

Justification:

Modeling will aid in determining optimum harvest, supplementation requirements, species removal or species reduction, habitat protection or habitat manipulation measures designed to recover and sustain a recreational panfish fishery in Moses Lake.  

Task 2.2 Implement management plan.

The objective of the study design is to identify management tools to be implemented in the form of a management plan.  Management measures cannot be formulated or implemented until completion of the Objective and Tasks listed above.

Task 2.3 Monitor and Evaluate management plan.
This project is unique in that it does not require funding for an extended period of time to monitor implementation of the management plan.  Detectable and testable changes in the fish populations of Moses Lake could potentially take years to develop.  Costly investment of mitigation funding would be required with little or no product associated.  WDFW has committed to funding from their agency sources the Monitoring and evaluation of he management plan implementation.

g. Facilities and equipment
All major equipment for the project has been purchased or is provided by WDFW. Major equipment required fro the project includes: an electrofishing boat, pickup truck, gill nets, trap nets, microscope and light source, scale press and associated equipment, 3 desk top computers, 1 lap top computer, Clarke-Bumpus zooplankton tow and specialized computer software (e.g. bioenergetics model, population assessment models).  WDFW at no cost to BPA has provided microscopes and light sources, sample drying ovens, scale press, scale mounting cards, and acetate for scale pressing.    Requirements for office space are limited.  An office and storage space has been rented in Moses Lake.  There is room to house 4 employees and store all necessary equipment. To cut down on cost, Wet-Lab space for sample processing and chemical disposal has been offered for use by Central Washington University, Eastern Washington University and the WDFW warmwater enhancement program.  Available with these lab spaces is additional equipment, which may or may not be needed, for processing samples.  
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A general study to document the species assemblage of Moses Lake.  Discussed current trends in harvest and angler use of Moses Lake.
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Jeffrey Werner Korth

1550 Alder St. NW

Ephrata, WA 98823

Non-project Personnel – Proposal Contact Person / Project Supervisor, 100 FTE hours

Education:  

Louisiana State University; 1979 – 1983; M. S.  Zoology

University of Wisconsin – Stevens Point; 1976 – 1979; B.S. Biology & Wildlife Management

Current Employment ; Washington Department of Fish and Wildlife - Region 2 District 5 Fisheries Biologist 

Responsibilities: Since 1989, all aspects of fisheries management for Grant, Adams, and portions of Douglas counties.  Includes management responsibility for all fisheries programs, including trout, warmwater, and salmon, both native and exotic game and non-game species. District 5 includes portions of the mid-Columbia River and its tributaries and over 200 waters individually managed for salmonids and warmwater inland fisheries, including four of the state’s largest and most productive warmwater fisheries.  Initial fish management representative for the District coordinating with federal and other state agencies, public entities and clubs, public relations media, and the public at large.  Designs, conducts and evaluates scientific investigations in order to obtain necessary information to use in formulating sound fishery management procedures.  Initiator and first-line supervisor of the Moses Lake project.

Previous employment

1)  WDFW (1987-1988) – a. supervised fish counts at COE projects on the lower Columbia River;    b.  collection of salmon tissue samples for the Genetic Stock Index program;  c. steelhead creel surveys, spawner surveys, and data analyses.

2)  LA Coop Fisheries Research Unit (1983-1986) – investigating the community structure and dynamics of larval and post larval fishes and crustaceans in tidal pass and salt marsh habitats and freshwater drainages.

As the area’s field fishery biologist, Jeff has managed the Moses Lake fishery for over ten years.  He has first-hand knowledge of its recent history and has worked with constituents to identify their opinions and desires as concerns the fishery.  He has initiated several projects to investigate or improve angling on Moses Lake, including annual biological surveys on the lake since 1991, several yearlong creel surveys, the seclusion of an eighty-acre spawning and rearing area for crappie, and the raising of rainbow trout in net pens.  Jeff submitted the original proposal for the Moses Lake project to NWPPC in 1991 and has had continued involvement with the various entities and processes involved in the Columbia River Basin Fish and Wildlife Program since.

Jeff’s background includes experience with both spiny-rayed fishes and salmonids, and also includes research and management in both his education and employment histories.  The work for the LA. Coop Unit was especially pertinent to the current project as it involved the investigation of a myriad of hydrological and physical/chemical variables in a multi-year study.  Jeff was involved in all aspects of the project, from study design to writing the final report.  The study successfully revealed the key variables affecting the aquatic populations in the area and prevented a proposed management shift from occurring, a change which would probably have decimated the area fisheries.

Christopher L. Donley

3912 S. Regal #202

Spokane, Washington 99223

Project Lead Biologist, 1 full FTE

Education

University of Idaho 1993-1995, M.S. Geography – emphasis in fluvial geomorphology ( degree not completed).

Eastern Washington University 1987-1992, B.A. geography

Minor: Biology

Employment

April 1999 to present

Washington Department of Fish and Wildlife, Moses Lake Fisheries Restoration Project, Biologist III

Responsibilities:  Analysis of historical creel and biological data.  Collection of biological data and development of future studies to aid in the restoration of the Moses Lake Fishery.  

1.  February 1999 to March 1999.  Washington Department of Fish and Wildlife Biologist III for Warmwater Enhancement Program.

Responsibilities:  Analysis and development of reports for water fish populations surveyed during field season 1998.  Supervision of personnel, daily budgetary and operational responsibilities.  

2.  September 1995 to February 1999.  Washington Department of Fish as Wildlife Biologist II for Northeast Washington Resident Fish Project.  The project was a Bonneville Power Administration funded project in conjunction with the Kalispel Tribe of Indians.

3.  Summers of 1993, 1994 and 1995 

Kalispel Tribe of Indians- Seasonal Fisheries technician

Pertinent Training

Bio-engineering of channels to prevent flooding and create or enhance habitat, U.S. Fish and Wildlife, 1994.

Bio-metrics, Washington Department of Fish and Wildlife sponsored workshop 1996, 1997.

Warmwater Fisheries sampling, assessment and management, U.S. Fish and Wildlife, 1998.

Expertise

Chris has had seven years experience working with salmonid and warmwater fishes.  The work Chris participated in for WDFW in northeast Washington was especially pertinent to the current project. It involved the investigation of physical and biological variables in a multi-year study.  Chris was involved in all aspects of the project, from study design to writing annual reports.  The study attempted to design and build effective instream habitat to assist in the recovery of native salmonid populations in northeast Washington streams.  Included in the study was the investigation of native species distribution in tributaries to the Pend Oreille River.  Additionally Chris was required to evaluate warmwater habitat quality and quantity in the Pend Oreille River, as well as, investigate largemouth bass behavior and habitat selectivity using radio telemetry.  Chris left the project prior to the completion of the monitoring and evaluation phase.

Both in his education and work experience Chris has designed, implemented and monitored study designs.   Additionally he has had considerable field sampling experience utilizing a wide variety of sampling techniques and equipment.

Teresa Renee Nelson 

23798 Seven Springs Dairy Rd. E.

Davenport Washington 99122

(509) 636-2157

Project Biologist, 1 FTE 

Education

Eastern Washington University, 1993-1997 B.S. Zoology.

Employment History

October 1999 to present

Washington Department of Fish and Wildlife, Moses Lake Fisheries Restoration Project, Biologist I.Responsibilities:  Analysis of historical Moses Lake Data.  Collect warmwater fishes using a boat and electrofishing techniques and record biological data.  Compiled historical water quality data collected on Moses Lake.  

1.  March 1999 to June 1999

Washington Department of Fish and Wildlife, Warmwater Enhancement Program, Scientific Technician II.

2.  August 1998 to November 1998

Washington Department of Fish and Wildlife, Warmwater Enhancement Program, Scientific Technician II.

3.  December 1997 to August 1998

Eastern Washington University, UCUT Fisheries Center

Expertise

Teresa has extensive warmwater fisheries sampling experience.  She is well versed in the myriad of conventional sampling methods employed to collect biological data form warmwater fish populations.  Teresa’s particular expertise is in aging warmwater fish using scales. Teresa has worked as a seasonal technician for the WDFW Warmwater Enhancement Program for the past two years. Teresa is versed in the use of PC’s , office and scientific software.

Dave Stuart Burgess

 1621 Brook Lane

Ellensburg Washington 98926

(509) 962-5310

Project Biologist, 1 full FTE

Education

Central Washington University, 1997-present M.S. Biology, (anticipating completion October 2000)

Central Washington University, 1991-1995, B.S. Biology

Wenatchee Valley Community College, 1989-1991, A.A.S. Management

Employment History

1999 to present

Washington Department of Fish and Wildlife, Moses Lake Fisheries Restoration Project, Biologist I.Responsibilities: Analysis of historical biological data.  Collection of warmwater fishes using boat and electrofishing techniques.  Identification of warmwater fish and record pertinent biological information such as length and weight.  Collect and age determination of scales.  Analysis of data using a variety statistical methods.  Design draft protocol for sampling zooplankton, diets of Moses Lake fishes, creel survey, and population estimation.  Pursued and developed contract with Washington Department of Ecology to monitor water quality on Moses Lake.  

1.  June 1999 to October 1999

DB Environmental Consultants, Sub-contractor for Cascade Aquatics contracting for Washington Department of Fish and Wildlife.

2.  June 1998 to September 1998

Washington Department of Fish and Wildlife, Scientific Technician II

3.  June 1997- June 1998 

Bureau of Reclamation/Central Washington University Coop.  Research Assistant.

4.  May 1997 to October 1997

Washington Department of Fish and Wildlife, Scientific technician II.  

5.  May 1995 to October 1995

Washington Department of Fish and Wildlife, Scientific technician I

Expertise

Dave has been involved with fisheries research for eight years as a student, technician, a private consultant and a state biologist.  As a technician for WDFW Dave has had experience boat electrofishing and trapping a variety of warmwater fishes on the Yakima River, Washington.    Other fish sampling techniques used include, gillnetting, seining, screw and incline plane trapping, snorkeling as well as the operation of many types of watercraft.  Dave has had experience identifying both warm and coldwater fishes and he has collected such data as weights, lengths, stomach contents, scale samples and fish behavioral observations.  Recently as a biologist and a graduate student Dave has been exposed to several current analysis tools to analyze data using parametric and non-parametric techniques as well as developing sampling methods that are statistically valid.  While as a biologist on Moses Lake, Dave has been responsible for data collection and analysis and assist in the formulation of the Annual Report.
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						Age class

				sample year		Age 1		Age 2		Age 3		Age 4		Age 5		Age 6		Age7
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Sheet1

		

								1974				1983				1991				1996

				Total hours				163012				375250				120363				132350

				Total trips				53796				117970				42668				42108

				fish/hour				1.02								0.17				0.1

				fish/trip				3.08				1.36				0.39				0.31

				% boat				5				67				60				75

				%shore				95				33				40				25

				% trout				27				41				53				8

				%warmwater				73				59				47				92

				Species				# Harvested		% Total		# Harvested		% Total		# Harvested		% Total		# Harvested		% Total

				brown bullhead				3420		2		2431		1		3382		16		1312		16

				black crappie				121109		73		38984		23		0		0		237		1

				bluegill				26619		16		18742		11		275		1		962		7.5

				largemouth bass				1795		1		5905		3		346		2		498		4

				rainbow trout				7033		4		35766		21		11663		56		629		5

				smallmouth bass				87		<1		1578		1		1242		6		1075		8

				walleye				0		0		357		<1		2484		12		5345		41

				yellow perch				6257		4		62409		37		759		4		3089		23.5

				Total Harvest				166290				169269				20841				13148
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INCLUDED

		

				Species Composition *

				Species				(kg)		(%W)		(#)		(%n)		Min		Max

				black crappie				38.5		2.4		707		7		75		342

				bluegill				57.7		3.6		1329		12		35		300

				brown bullhead				47.6		3.0		166		2		57		409

				burbot				0.1		0.0		1		0		528		528

				carp				572.7		35.5		155		1		71		845

				lake whitefish				15.3		0.9		11		0		221		554

				largemouth bass				58.8		3.6		888		8		75		501

				largescale sucker				7.8		0.5		5		0		273		582

				longnose sucker				33.0		2.0		33		0		105		521

				northern pike-minnow				0.6		0.0		7		0		173		250

				pumpkinseed sunfish				0.1		0.0		5		0		91		124

				rainbow trout				59.4		3.7		80		1		306		501

				sculpin				0.0		0.0		6		0		45		114

				smallmouth bass				45.8		2.8		331		3		70		376

				walleye				481.3		29.9		1561		14		92		796

				yellow perch				193.3		12.0		5563		51		11		341

				TOTALS				1612.2				10848

				*YOUNG OF THE YEAR INCLUDED





EXCLUDED

		

				Species Composition*

				Type of Fish						(kg)		(%W)		(#)		(%n)		Min		Max

				black crappie						33.0		2.1		369.0		5.4		111.0		342.0

				bluegill						56.3		3.6		800.0		11.7		82.0		300.0

				brown bullhead						47.5		3.1		156.0		2.3		101.0		409.0

				burbot						0.9		0.1		1.0		0.0		528.0		528.0

				carp						572.7		36.9		154.0		2.3		350.0		845.0

				lake whitefish						15.3		1.0		11.0		0.2		221.0		554.0

				largemouth bass						53.4		3.4		438.0		6.4		111.0		501.0

				largescale sucker						7.8		0.5		5.0		0.1		273.0		582.0

				longnose sucker						33.0		2.1		33.0		0.5		105.0		521.0

				northern pike-minnow						0.6		0.0		7.0		0.1		173.0		250.0

				pumpkinseed sunfish						0.1		0.0		5.0		0.1		91.0		124.0

				rainbow trout						59.4		3.8		80.0		1.2		306.0		501.0

				sculpin						0.0		0.0		6.0		0.1		45.0		114.0

				smallmouth bass						45.4		2.9		287.0		4.2		101.0		376.0

				walleye						449.5		29.0		659.0		9.6		191.0		796.0

				yellow perch						177.1		11.4		3819.0		55.9		101.0		341.0

				TOTALS						1552.1				6830

				*YOUNG OF THE YEAR EXCLUDED





spring00

		

				Species Composition

				Type of Fish				(kg)		(%w)		(#)		(%n)		Min		Max

				Brown Bullhead				88.0		3.7		143.0		4.5		63.0		443.0

				Black Crappie				16.6		0.7		110.0		3.5		88.0		382.0

				Bluegill				8.1		0.3		113.0		3.6		30.0		210.0

				Sculpin				2.0		0.1		265.0		8.4		52.0		146.0

				Carp				1754.1		73.1		499.0		15.7		345.0		860.0

				Largemouth Bass				44.5		1.9		52.0		1.6		90.0		521.0

				Longnose Sucker				4.8		0.2		6.0		0.2		142.0		484.0

				Largescale Sucker				10.4		0.4		7.0		0.2		362.0		570.0

				Pumpkinseed Sunfish				0.1		0.0		3.0		0.1		100.0		121.0

				Rainbow Trout				49.5		2.1		86.0		2.7		236.0		502.0

				Smallmouth Bass				46.8		2.0		383.0		12.1		56.0		406.0

				Walleye				304.6		12.7		583.0		18.4		69.0		741.0

				Yellow Bullhead Catfish				8.2		0.3		65.0		2.1		90.0		382.0

				Yellow Perch				61.5		2.6		854.0		26.9		110.0		276.0

				TOTALS				2399.5				3169
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				SPRING

								1993		1994		1995		1996		1997		1998		1999		2000

						BC		116.4307660026		95.1730821316		103				107		107		119.2952235239		115.0934253222

						BG		118.4024359432				142.7187392993		131.297648808		109.2063993285		109.2063993285		110.1351711871		123.2566718587

						LMB		108.7125535757		99.807115335		104.9132915572		101.8516595464		96.3316674323		96.3316674323		105.2185981089		109.6295576933

						SMB		87.2509741605		89.8410327224		108.4303974047		113.9485339673		98.5529359137		98.5529359137		83.8529573834		100.321500661

						WAL		90.0975840045		83.4644140518				86.00429443		88.8051374227		88.8051374227		88.4482456804		92.9382856516

						YP		85.1242070907		89.2120292616		96.0497865608		106.183192777		95.3353687759		95.3353687759		87.4958028914		95.3247010899
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				FALL

								1993		1994		1995		1996		1997		1998		1999

						BC		103		114.4418604651		126.8820261915		120.7613379215		112.9762554392		124.3446699679		124.4507656906

						BG		86.981981982		106.4219217552		115.9790212531		109.6975562681		110.0436705709		111.8448305446		115.2351829619

						LMB		97.9552238806		112.7559491423		114.090150134		106.6809744078		105.5359387811		104.1447234873		113.8348715364

						SMB		84.9111111111		104.0378296055		110.1407563039		103.8854516659		90.0389893844				97.4402515927

						WAL		68.8888888889		85.7763381678		89.6873256587		86.0062480056		87.592273716		88.1648155241		89.7372356909

						YP		84.9014084507		93.6549244997		110.8845155867		95.2496780255		99.0253500797		95.5077541945		91.7797151867
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						Age class

				sample year		Age 1		Age 2		Age 3		Age 4		Age 5		Age 6		Age7

				Spring 92		89		144		166		217		242

				Spring 93		60		106		134		163

				Spring 94		45		88		100		158

				Spring 95		82		137		183		213		241

				Fall 92		56		102		129		179

				Fall 94		55		96		125		169		206

				Fall 99		62		108		139		166		198		230

				All years sample mean		60		106		136		179		214		230
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						Age class

				sample year		Age 1		Age 2		Age 3		Age 4		Age 5		Age 6		Age 7		Age 8

				Spring 92		95		141		203		250		326		379

				Spring 93		113		191		219		267		340

				Spring 95		97		192		276		328		369		389

				Fall 92		93		146		211		318

				Fall 94		114		174		227		276

				Fall 99		116		181		227		257

				All years sample mean		110		171		221		265		293		384
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						Age class

				sample year		Age 1		Age 2		Age 3		Age 4		Age 5		Age 6		Age 7		Age 8

				Spring 93		79		116

				Spring 94		91		145		203		260

				Spring 95		115		174		240

				Fall 92		108

				Fall 94		105		159		210		281		354

				Fall 99		109		159		200

				All years sample mean		101		152		208		272		354
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		May to September Transect means for each station, 1969-70,1977-88, in Moses Lake

		Secchi Depth (m)

										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		0.40		0.40		0.90		1.00		1.00				0.60		0.50

		77						1.30		1.80		1.70				1.30		0.90

		78				0.40		1.10		1.70		1.80		1.40		1.20		0.80

		79				0.50		1.20		1.70		2.10		1.80		1.50		1.30						19- Upper Pelican

		80				0.30		0.70		1.30		1.60		1.60		1.00		0.60						11- Middle Pelican

		81								1.40		1.60		1.50		1.20								10- Lower Pelican

		82		0.40		0.40		0.90		1.70		2.60		1.70		1.70		1.20						9- South lake

		83		0.40		0.30		0.80		1.20		1.70		1.40		1.40		1.00						8- Cascade

		84				0.40		0.80		1.10		1.10		1.10		0.90		0.90						12- Rocky Ford

		85				0.56		1.00		1.43		1.55		0.56		1.48		1.36						7- Lower Parker

		86				0.57		0.95		1.26		1.70		1.26		1.40		1.11						5- Upper Parker

		87				0.59				1.37				1.67		1.44		1.39

		88				0.80				2.39				1.70		1.61		1.42

				Sites

		Year		19		11		10		9		8		12		7		5		Mean for all Sites

		77						30		26		24				33		46		32

		78				39		17		15		9		15		16		17		18

		79				39		27		23		18		19		29		23		25				19- Upper Pelican

		80				41		18		11		9		21		18		27		21				11- Middle Pelican

		81				46		20		19		19		24		26				26				10- Lower Pelican

		82		40		41		40		19		9		16		15		23		25				9- South lake

		83		22		41		20		16		13		17		24		30		23				8- Cascade

		84		16		30				14				12		27				20				12- Rocky Ford

		85				20		63		41		12		21		71		23		36				7- Lower Parker

		86				13		10		9		22		17		16		22		16				5- Upper Parker

		87				11				20				20		34		26		22

		88				11				7				15		13		10		11

		NO3+NO2-N (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70		11		10		38		25		87				69		181

		77						41		50		75				73		185

		78				26		10		16		51		68		43		213

		79				43		12		19		28		40		52		211						19- Upper Pelican

		80				50		92		148		169		173		285		425						11- Middle Pelican

		81				31				34		79		118		71								10- Lower Pelican

		82		219		39		46		20		32		69		90		179						9- South lake

		83		113		28		20		27		74				65		175						8- Cascade

		84		108		19		56		43		138		157		159		337						12- Rocky Ford

		85		65		30		57		75		147		131		141		174						7- Lower Parker

		86				24		57		9		35		29		32		431						5- Upper Parker

		87		96		29				10				34		24		103

		88		32		12				18				49		61		215

		Phytoplankton Volume (mm^3/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70														25

		77								8

		78								7						8

		79								23						20								19- Upper Pelican

		80								5						10								11- Middle Pelican

		81								5				7		7								10- Lower Pelican

		82		37		27		19		8						8		7						9- South lake

		83				33		15		10						27								8- Cascade

		84				16		7		5						15								12- Rocky Ford

		85				19				38				25		78								7- Lower Parker

		86				17				6				15		8								5- Upper Parker

		87				10				11				10		19

		88				11				3				8		6

		Total P (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70		559		920		186		156		133				152		189

		77						93		90		67				78		96

		78				715		99		86		67		68		58		85

		79				533		111		83		66		82		67		82						19- Upper Pelican

		80				668		125		87		70		84		83		113						11- Middle Pelican

		81				718		121		80		58		65		67								10- Lower Pelican

		82		244		617		138		79		55		55		54		45						9- South lake

		83		125		332		138		88		54		89		64		60						8- Cascade

		84		131		230		81		56		59		60		64		82						12- Rocky Ford

		85		82		93		93		88		62		98		116		49						7- Lower Parker

		86				76		46		42		48		64		45		58						5- Upper Parker

		87		76		70				42				48		54		65

		88				84				40				61		43		45

		SRP (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70		269		643		52		48		39				28		30

		77						60		55		37				26		20

		78				420		22		24		14		11		9		9

		79				462		27		27		16		18		9		13						19- Upper Pelican

		80				367		27		23		18		12		9		7						11- Middle Pelican

		81								21		7		7		5								10- Lower Pelican

		82		25		364		35		29		10		10		5		5						9- South lake

		83		13		189		49		40		23		19		13		7						8- Cascade

		84		9		32		8		7		11		10		5		6						12- Rocky Ford

		85		0		4		4		5		19		23		4		13						7- Lower Parker

		86				9		7		9		5		7		10		8						5- Upper Parker

		87		3		5				4				6		4		5

		88				4				7				6		5		5

		Total N (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70

		77						605		614		605				531		650

		78				854		558		523		437		498		438		656

		79				884		698		556		496		587		518		697						19- Upper Pelican

		80				1027		692		634		669		812		726		961						11- Middle Pelican

		81				812		500		510		494		538		516								10- Lower Pelican

		82		1215		1090		520		647		429		560		438		386						9- South lake

		83		752		712		628		431		398		505		464		740						8- Cascade

		84				1099		833		761		815		935		697		1044						12- Rocky Ford

		85		896		1012		1147		1144		895		1034		814		705						7- Lower Parker

		86				515		577		616		580		891		506		675						5- Upper Parker

		87				178				332				356		486		526

		88				504				213				371		252		361





Sheet2

																												Secchi Depth (m)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		77						30		26		24				33		46										77						1.30		1.80		1.70				1.30		0.90

		78				39		17		15		9		15		16		17										78				0.40		1.10		1.70		1.80		1.40		1.20		0.80

		79				39		27		23		18		19		29		23										79				0.50		1.20		1.70		2.10		1.80		1.50		1.30

		80				41		18		11		9		21		18		27										80				0.30		0.70		1.30		1.60		1.60		1.00		0.60

		81				46		20		19		19		24		26												81								1.40		1.60		1.50		1.20

		82		40		41		40		19		9		16		15		23										82		0.40		0.40		0.90		1.70		2.60		1.70		1.70		1.20

		83		22		41		20		16		13		17		24		30										83		0.40		0.30		0.80		1.20		1.70		1.40		1.40		1.00

		84		16		30				14				12		27												84				0.40		0.80		1.10		1.10		1.10		0.90		0.90

		85				20		63		41		12		21		71		23										85				0.56		1.00		1.43		1.55		0.56		1.48		1.36

		86				13		10		9		22		17		16		22										86				0.57		0.95		1.26		1.70		1.26		1.40		1.11

		87				11				20				20		34		26										87				0.59				1.37				1.67		1.44		1.39

		88				11				7				15		13		10										88				0.80				2.39				1.70		1.61		1.42

		NO3+NO2-N (ug/L)																										Phytoplankton Volume (mm^3/L)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		11		10		38		25		87				69		181										69-70														25

		77						41		50		75				73		185										77								8

		78				26		10		16		51		68		43		213										78								7						8

		79				43		12		19		28		40		52		211										79								23						20

		80				50		92		148		169		173		285		425										80								5						10

		81				31				34		79		118		71												81								5				7		7

		82		219		39		46		20		32		69		90		179										82		37		27		19		8						8		7

		83		113		28		20		27		74				65		175										83				33		15		10						27

		84		108		19		56		43		138		157		159		337										84				16		7		5						15

		85		65		30		57		75		147		131		141		174										85				19				38				25		78

		86				24		57		9		35		29		32		431										86				17				6				15		8

		87		96		29				10				34		24		103										87				10				11				10		19

		88		32		12				18				49		61		215										88				11				3				8		6

		Total P (ug/L)																										SRP (ug/L)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		559		920		186		156		133				152		189										69-70		269		643		52		48		39				28		30

		77						93		90		67				78		96										77						60		55		37				26		20

		78				715		99		86		67		68		58		85										78				420		22		24		14		11		9		9

		79				533		111		83		66		82		67		82										79				462		27		27		16		18		9		13

		80				668		125		87		70		84		83		113										80				367		27		23		18		12		9		7

		81				718		121		80		58		65		67												81								21		7		7		5

		82		244		617		138		79		55		55		54		45										82		25		364		35		29		10		10		5		5

		83		125		332		138		88		54		89		64		60										83		13		189		49		40		23		19		13		7

		84		131		230		81		56		59		60		64		82										84		9		32		8		7		11		10		5		6

		85		82		93		93		88		62		98		116		49										85		0		4		4		5		19		23		4		13

		86				76		46		42		48		64		45		58										86				9		7		9		5		7		10		8

		87		76		70				42				48		54		65										87		3		5				4				6		4		5

		88				84				40				61		43		45										88				4				7				6		5		5

		Total N (ug/L)

										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70

		77						605		614		605				531		650

		78				854		558		523		437		498		438		656

		79				884		698		556		496		587		518		697

		80				1027		692		634		669		812		726		961

		81				812		500		510		494		538		516

		82		1215		1090		520		647		429		560		438		386

		83		752		712		628		431		398		505		464		740

		84				1099		833		761		815		935		697		1044

		85		896		1012		1147		1144		895		1034		814		705

		86				515		577		616		580		891		506		675

		87				178				332				356		486		526

		88				504				213				371		252		361
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Sheet1

		May to September Transect means for each station, 1969-70,1977-88, in Moses Lake

		Secchi Depth (m)

										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		0.40		0.40		0.90		1.00		1.00				0.60		0.50

		77						1.30		1.80		1.70				1.30		0.90

		78				0.40		1.10		1.70		1.80		1.40		1.20		0.80

		79				0.50		1.20		1.70		2.10		1.80		1.50		1.30						19- Upper Pelican

		80				0.30		0.70		1.30		1.60		1.60		1.00		0.60						11- Middle Pelican

		81								1.40		1.60		1.50		1.20								10- Lower Pelican

		82		0.40		0.40		0.90		1.70		2.60		1.70		1.70		1.20						9- South lake

		83		0.40		0.30		0.80		1.20		1.70		1.40		1.40		1.00						8- Cascade

		84				0.40		0.80		1.10		1.10		1.10		0.90		0.90						12- Rocky Ford

		85				0.56		1.00		1.43		1.55		0.56		1.48		1.36						7- Lower Parker

		86				0.57		0.95		1.26		1.70		1.26		1.40		1.11						5- Upper Parker

		87				0.59				1.37				1.67		1.44		1.39

		88				0.80				2.39				1.70		1.61		1.42

				Sites

		Year		19		11		10		9		8		12		7		5		Mean for all Sites

		77						30		26		24				33		46		32

		78				39		17		15		9		15		16		17		18

		79				39		27		23		18		19		29		23		25				19- Upper Pelican

		80				41		18		11		9		21		18		27		21				11- Middle Pelican

		81				46		20		19		19		24		26				26				10- Lower Pelican

		82		40		41		40		19		9		16		15		23		25				9- South lake

		83		22		41		20		16		13		17		24		30		23				8- Cascade

		84		16		30				14				12		27				20				12- Rocky Ford

		85				20		63		41		12		21		71		23		36				7- Lower Parker

		86				13		10		9		22		17		16		22		16				5- Upper Parker

		87				11				20				20		34		26		22

		88				11				7				15		13		10		11

		NO3+NO2-N (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70		11		10		38		25		87				69		181

		77						41		50		75				73		185

		78				26		10		16		51		68		43		213

		79				43		12		19		28		40		52		211						19- Upper Pelican

		80				50		92		148		169		173		285		425						11- Middle Pelican

		81				31				34		79		118		71								10- Lower Pelican

		82		219		39		46		20		32		69		90		179						9- South lake

		83		113		28		20		27		74				65		175						8- Cascade

		84		108		19		56		43		138		157		159		337						12- Rocky Ford

		85		65		30		57		75		147		131		141		174						7- Lower Parker

		86				24		57		9		35		29		32		431						5- Upper Parker

		87		96		29				10				34		24		103

		88		32		12				18				49		61		215

		Phytoplankton Volume (mm^3/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70														25

		77								8

		78								7						8

		79								23						20								19- Upper Pelican

		80								5						10								11- Middle Pelican

		81								5				7		7								10- Lower Pelican

		82		37		27		19		8						8		7						9- South lake

		83				33		15		10						27								8- Cascade

		84				16		7		5						15								12- Rocky Ford

		85				19				38				25		78								7- Lower Parker

		86				17				6				15		8								5- Upper Parker

		87				10				11				10		19

		88				11				3				8		6

		Total P (ug/L)

				Sites

		Year		19		11		10		9		8		12		7		5		Mean for all sites

		77						93		90		67				78		96		85

		78				715		99		86		67		68		58		85		168

		79				533		111		83		66		82		67		82		146				19- Upper Pelican

		80				668		125		87		70		84		83		113		176				11- Middle Pelican

		81				718		121		80		58		65		67				185				10- Lower Pelican

		82		244		617		138		79		55		55		54		45		161				9- South lake

		83		125		332		138		88		54		89		64		60		119				8- Cascade

		84		131		230		81		56		59		60		64		82		95				12- Rocky Ford

		85		82		93		93		88		62		98		116		49		97				7- Lower Parker

		86				76		46		42		48		64		45		58		54				5- Upper Parker

		87		76		70				42				48		54		65		59

		88				84				40				61		43		45		55

		SRP (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70		269		643		52		48		39				28		30

		77						60		55		37				26		20

		78				420		22		24		14		11		9		9

		79				462		27		27		16		18		9		13						19- Upper Pelican

		80				367		27		23		18		12		9		7						11- Middle Pelican

		81								21		7		7		5								10- Lower Pelican

		82		25		364		35		29		10		10		5		5						9- South lake

		83		13		189		49		40		23		19		13		7						8- Cascade

		84		9		32		8		7		11		10		5		6						12- Rocky Ford

		85		0		4		4		5		19		23		4		13						7- Lower Parker

		86				9		7		9		5		7		10		8						5- Upper Parker

		87		3		5				4				6		4		5

		88				4				7				6		5		5

		Total N (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70

		77						605		614		605				531		650

		78				854		558		523		437		498		438		656

		79				884		698		556		496		587		518		697						19- Upper Pelican

		80				1027		692		634		669		812		726		961						11- Middle Pelican

		81				812		500		510		494		538		516								10- Lower Pelican

		82		1215		1090		520		647		429		560		438		386						9- South lake

		83		752		712		628		431		398		505		464		740						8- Cascade

		84				1099		833		761		815		935		697		1044						12- Rocky Ford

		85		896		1012		1147		1144		895		1034		814		705						7- Lower Parker

		86				515		577		616		580		891		506		675						5- Upper Parker

		87				178				332				356		486		526

		88				504				213				371		252		361





Sheet2

																												Secchi Depth (m)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		77						30		26		24				33		46										77						1.30		1.80		1.70				1.30		0.90

		78				39		17		15		9		15		16		17										78				0.40		1.10		1.70		1.80		1.40		1.20		0.80

		79				39		27		23		18		19		29		23										79				0.50		1.20		1.70		2.10		1.80		1.50		1.30

		80				41		18		11		9		21		18		27										80				0.30		0.70		1.30		1.60		1.60		1.00		0.60

		81				46		20		19		19		24		26												81								1.40		1.60		1.50		1.20

		82		40		41		40		19		9		16		15		23										82		0.40		0.40		0.90		1.70		2.60		1.70		1.70		1.20

		83		22		41		20		16		13		17		24		30										83		0.40		0.30		0.80		1.20		1.70		1.40		1.40		1.00

		84		16		30				14				12		27												84				0.40		0.80		1.10		1.10		1.10		0.90		0.90

		85				20		63		41		12		21		71		23										85				0.56		1.00		1.43		1.55		0.56		1.48		1.36

		86				13		10		9		22		17		16		22										86				0.57		0.95		1.26		1.70		1.26		1.40		1.11

		87				11				20				20		34		26										87				0.59				1.37				1.67		1.44		1.39

		88				11				7				15		13		10										88				0.80				2.39				1.70		1.61		1.42

		NO3+NO2-N (ug/L)																										Phytoplankton Volume (mm^3/L)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		11		10		38		25		87				69		181										69-70														25

		77						41		50		75				73		185										77								8

		78				26		10		16		51		68		43		213										78								7						8

		79				43		12		19		28		40		52		211										79								23						20

		80				50		92		148		169		173		285		425										80								5						10

		81				31				34		79		118		71												81								5				7		7

		82		219		39		46		20		32		69		90		179										82		37		27		19		8						8		7

		83		113		28		20		27		74				65		175										83				33		15		10						27

		84		108		19		56		43		138		157		159		337										84				16		7		5						15

		85		65		30		57		75		147		131		141		174										85				19				38				25		78

		86				24		57		9		35		29		32		431										86				17				6				15		8

		87		96		29				10				34		24		103										87				10				11				10		19

		88		32		12				18				49		61		215										88				11				3				8		6

		Total P (ug/L)																										SRP (ug/L)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		559		920		186		156		133				152		189										69-70		269		643		52		48		39				28		30

		77						93		90		67				78		96										77						60		55		37				26		20

		78				715		99		86		67		68		58		85										78				420		22		24		14		11		9		9

		79				533		111		83		66		82		67		82										79				462		27		27		16		18		9		13

		80				668		125		87		70		84		83		113										80				367		27		23		18		12		9		7

		81				718		121		80		58		65		67												81								21		7		7		5

		82		244		617		138		79		55		55		54		45										82		25		364		35		29		10		10		5		5

		83		125		332		138		88		54		89		64		60										83		13		189		49		40		23		19		13		7

		84		131		230		81		56		59		60		64		82										84		9		32		8		7		11		10		5		6

		85		82		93		93		88		62		98		116		49										85		0		4		4		5		19		23		4		13

		86				76		46		42		48		64		45		58										86				9		7		9		5		7		10		8

		87		76		70				42				48		54		65										87		3		5				4				6		4		5

		88				84				40				61		43		45										88				4				7				6		5		5

		Total N (ug/L)

										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70

		77						605		614		605				531		650

		78				854		558		523		437		498		438		656

		79				884		698		556		496		587		518		697

		80				1027		692		634		669		812		726		961

		81				812		500		510		494		538		516

		82		1215		1090		520		647		429		560		438		386

		83		752		712		628		431		398		505		464		740

		84				1099		833		761		815		935		697		1044

		85		896		1012		1147		1144		895		1034		814		705

		86				515		577		616		580		891		506		675

		87				178				332				356		486		526

		88				504				213				371		252		361
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Sheet1

		May to September Transect means for each station, 1969-70,1977-88, in Moses Lake

		Secchi Depth (m)

										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		0.40		0.40		0.90		1.00		1.00				0.60		0.50

		77						1.30		1.80		1.70				1.30		0.90

		78				0.40		1.10		1.70		1.80		1.40		1.20		0.80

		79				0.50		1.20		1.70		2.10		1.80		1.50		1.30						19- Upper Pelican

		80				0.30		0.70		1.30		1.60		1.60		1.00		0.60						11- Middle Pelican

		81								1.40		1.60		1.50		1.20								10- Lower Pelican

		82		0.40		0.40		0.90		1.70		2.60		1.70		1.70		1.20						9- South lake

		83		0.40		0.30		0.80		1.20		1.70		1.40		1.40		1.00						8- Cascade

		84				0.40		0.80		1.10		1.10		1.10		0.90		0.90						12- Rocky Ford

		85				0.56		1.00		1.43		1.55		0.56		1.48		1.36						7- Lower Parker

		86				0.57		0.95		1.26		1.70		1.26		1.40		1.11						5- Upper Parker

		87				0.59				1.37				1.67		1.44		1.39

		88				0.80				2.39				1.70		1.61		1.42

				Sites

		Year		19		11		10		9		8		12		7		5		Mean for all Sites

		77						30		26		24				33		46		32

		78				39		17		15		9		15		16		17		18

		79				39		27		23		18		19		29		23		25				19- Upper Pelican

		80				41		18		11		9		21		18		27		21				11- Middle Pelican

		81				46		20		19		19		24		26				26				10- Lower Pelican

		82		40		41		40		19		9		16		15		23		25				9- South lake

		83		22		41		20		16		13		17		24		30		23				8- Cascade

		84		16		30				14				12		27				20				12- Rocky Ford

		85				20		63		41		12		21		71		23		36				7- Lower Parker

		86				13		10		9		22		17		16		22		16				5- Upper Parker

		87				11				20				20		34		26		22

		88				11				7				15		13		10		11

		NO3+NO2-N (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70		11		10		38		25		87				69		181

		77						41		50		75				73		185

		78				26		10		16		51		68		43		213

		79				43		12		19		28		40		52		211						19- Upper Pelican

		80				50		92		148		169		173		285		425						11- Middle Pelican

		81				31				34		79		118		71								10- Lower Pelican

		82		219		39		46		20		32		69		90		179						9- South lake

		83		113		28		20		27		74				65		175						8- Cascade

		84		108		19		56		43		138		157		159		337						12- Rocky Ford

		85		65		30		57		75		147		131		141		174						7- Lower Parker

		86				24		57		9		35		29		32		431						5- Upper Parker

		87		96		29				10				34		24		103

		88		32		12				18				49		61		215

		Phytoplankton Volume (mm^3/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70														25

		77								8

		78								7						8

		79								23						20								19- Upper Pelican

		80								5						10								11- Middle Pelican

		81								5				7		7								10- Lower Pelican

		82		37		27		19		8						8		7						9- South lake

		83				33		15		10						27								8- Cascade

		84				16		7		5						15								12- Rocky Ford

		85				19				38				25		78								7- Lower Parker

		86				17				6				15		8								5- Upper Parker

		87				10				11				10		19

		88				11				3				8		6

		Total P (ug/L)

				Sites

		Year		19		11		10		9		8		12		7		5		Mean for all sites

		77						93		90		67				78		96		85

		78				715		99		86		67		68		58		85		168

		79				533		111		83		66		82		67		82		146				19- Upper Pelican

		80				668		125		87		70		84		83		113		176				11- Middle Pelican

		81				718		121		80		58		65		67				185				10- Lower Pelican

		82		244		617		138		79		55		55		54		45		161				9- South lake

		83		125		332		138		88		54		89		64		60		119				8- Cascade

		84		131		230		81		56		59		60		64		82		95				12- Rocky Ford

		85		82		93		93		88		62		98		116		49		97				7- Lower Parker

		86				76		46		42		48		64		45		58		54				5- Upper Parker

		87		76		70				42				48		54		65		59

		88				84				40				61		43		45		55

		SRP (ug/L)

										Sites

		Year		19		11		10		9		8		12		7		5

		69-70		269		643		52		48		39				28		30

		77						60		55		37				26		20

		78				420		22		24		14		11		9		9

		79				462		27		27		16		18		9		13						19- Upper Pelican

		80				367		27		23		18		12		9		7						11- Middle Pelican

		81								21		7		7		5								10- Lower Pelican

		82		25		364		35		29		10		10		5		5						9- South lake

		83		13		189		49		40		23		19		13		7						8- Cascade

		84		9		32		8		7		11		10		5		6						12- Rocky Ford

		85		0		4		4		5		19		23		4		13						7- Lower Parker

		86				9		7		9		5		7		10		8						5- Upper Parker

		87		3		5				4				6		4		5

		88				4				7				6		5		5

		Total N (ug/L)

				Sites

		Year		19		11		10		9		8		12		7		5		Mean for all sites

		77						605		614		605				531		650		601

		78				854		558		523		437		498		438		656		566

		79				884		698		556		496		587		518		697		634				19- Upper Pelican

		80				1027		692		634		669		812		726		961		789				11- Middle Pelican

		81				812		500		510		494		538		516				562				10- Lower Pelican

		82		1215		1090		520		647		429		560		438		386		661				9- South lake

		83		752		712		628		431		398		505		464		740		579				8- Cascade

		84				1099		833		761		815		935		697		1044		883				12- Rocky Ford

		85		896		1012		1147		1144		895		1034		814		705		956				7- Lower Parker

		86				515		577		616		580		891		506		675		623				5- Upper Parker

		87				178				332				356		486		526		376

		88				504				213				371		252		361		340





Sheet2

																												Secchi Depth (m)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		77						30		26		24				33		46										77						1.30		1.80		1.70				1.30		0.90

		78				39		17		15		9		15		16		17										78				0.40		1.10		1.70		1.80		1.40		1.20		0.80

		79				39		27		23		18		19		29		23										79				0.50		1.20		1.70		2.10		1.80		1.50		1.30

		80				41		18		11		9		21		18		27										80				0.30		0.70		1.30		1.60		1.60		1.00		0.60

		81				46		20		19		19		24		26												81								1.40		1.60		1.50		1.20

		82		40		41		40		19		9		16		15		23										82		0.40		0.40		0.90		1.70		2.60		1.70		1.70		1.20

		83		22		41		20		16		13		17		24		30										83		0.40		0.30		0.80		1.20		1.70		1.40		1.40		1.00

		84		16		30				14				12		27												84				0.40		0.80		1.10		1.10		1.10		0.90		0.90

		85				20		63		41		12		21		71		23										85				0.56		1.00		1.43		1.55		0.56		1.48		1.36

		86				13		10		9		22		17		16		22										86				0.57		0.95		1.26		1.70		1.26		1.40		1.11

		87				11				20				20		34		26										87				0.59				1.37				1.67		1.44		1.39

		88				11				7				15		13		10										88				0.80				2.39				1.70		1.61		1.42

		NO3+NO2-N (ug/L)																										Phytoplankton Volume (mm^3/L)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		11		10		38		25		87				69		181										69-70														25

		77						41		50		75				73		185										77								8

		78				26		10		16		51		68		43		213										78								7						8

		79				43		12		19		28		40		52		211										79								23						20

		80				50		92		148		169		173		285		425										80								5						10

		81				31				34		79		118		71												81								5				7		7

		82		219		39		46		20		32		69		90		179										82		37		27		19		8						8		7

		83		113		28		20		27		74				65		175										83				33		15		10						27

		84		108		19		56		43		138		157		159		337										84				16		7		5						15

		85		65		30		57		75		147		131		141		174										85				19				38				25		78

		86				24		57		9		35		29		32		431										86				17				6				15		8

		87		96		29				10				34		24		103										87				10				11				10		19

		88		32		12				18				49		61		215										88				11				3				8		6

		Total P (ug/L)																										SRP (ug/L)

										Sites																										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker										Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70		559		920		186		156		133				152		189										69-70		269		643		52		48		39				28		30

		77						93		90		67				78		96										77						60		55		37				26		20

		78				715		99		86		67		68		58		85										78				420		22		24		14		11		9		9

		79				533		111		83		66		82		67		82										79				462		27		27		16		18		9		13

		80				668		125		87		70		84		83		113										80				367		27		23		18		12		9		7

		81				718		121		80		58		65		67												81								21		7		7		5

		82		244		617		138		79		55		55		54		45										82		25		364		35		29		10		10		5		5

		83		125		332		138		88		54		89		64		60										83		13		189		49		40		23		19		13		7

		84		131		230		81		56		59		60		64		82										84		9		32		8		7		11		10		5		6

		85		82		93		93		88		62		98		116		49										85		0		4		4		5		19		23		4		13

		86				76		46		42		48		64		45		58										86				9		7		9		5		7		10		8

		87		76		70				42				48		54		65										87		3		5				4				6		4		5

		88				84				40				61		43		45										88				4				7				6		5		5

		Total N (ug/L)

										Sites

		Year		U. Pelican		M. Pelican		L. Pelican		South Lake		Cascade		Rocky Ford		L. Parker		U. Parker

		69-70

		77						605		614		605				531		650

		78				854		558		523		437		498		438		656

		79				884		698		556		496		587		518		697

		80				1027		692		634		669		812		726		961

		81				812		500		510		494		538		516

		82		1215		1090		520		647		429		560		438		386

		83		752		712		628		431		398		505		464		740

		84				1099		833		761		815		935		697		1044

		85		896		1012		1147		1144		895		1034		814		705

		86				515		577		616		580		891		506		675

		87				178				332				356		486		526

		88				504				213				371		252		361
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Chart1

		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92

		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93

		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94

		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95

		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92

		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94

		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99

		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean



Age 1

Age 2

Age 3

Age 4

Age 5

Age 6

Age 7

Age 8

Season and Year Sampled

Length in mm

Mean Growth for Largemouth Bass

100.772007044

166.5941441951

229.3891468173

304.3561588998

332.8898366805

380.600949787

320.8571428571

441.5714285714

121.0439948619

181.8384714194

256.6184971098

283.1791907514

93.5092707004

159.8786959624

223.9825903963

271.0378791746

323.7376717323

368.4590812907

421.303030303

111.6337206922

202.8605834011

271.3991942934

332.4919304873

377.778397535

440.7680027607

533.6293436293

72.1394312821

137.9167988179

198.9978205404

241.5118726821

277.0856409154

331.6524040184

377.4531319744

414.6174304419

120.5947788026

205.1629274525

263.290978315

311.2462640208

334.1180394494

389.1452991453

470.5494505495

112.9803627905

187.1297270163

252.9164966401

311.510160746

411.4692696866

382.2648221344

96.6606181661

172.3131394848

240.771754684

295.7910447598

336.3343295587

377.9703676802

407.3011686097

421.6527180463
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						Age class

				sample year		Age 1		Age 2		Age 3		Age 4		Age 5		Age 6		Age 7		Age 8

				Spring 92		101		167		229		304		333		381		321		442

				Spring 93		121		182		257		283

				Spring 94		94		160		224		271		324		368		421

				Spring 95		112		203		271		332		378		441		534

				Fall 92		72		138		199		242		277		332		377		415

				Fall 94		121		205		263		311		334		389		471

				Fall 99		113		187		253		312		411		382

				All years sample mean		97		172		241		296		336		378		407		422
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Chart1

		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92		Spring 92

		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93		Spring 93

		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94		Spring 94

		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95		Spring 95

		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92		Fall 92

		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94		Fall 94

		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99		Fall 99

		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean		All years sample mean



Age 1

Age 2

Age 3

Age 4

Age 5

Age 6

Age 7

Age 8

Season and Year Sampled

Length in mm

Mean Growth for Walleye

155.9803617884

237.6174052717

317.9179669456

403.048049375

433.5015942619

452.7634207529

442.3764069742

522.9347826087

162.7287024902

235.9829619921

160.0735726249

229.0162248894

285.2136003141

349.0782553638
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577.4397776223

705.7509881423
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335.2076980106
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361.0887356892

380.0821645866

190.0594496618

271.3262632933

343.1632068225

406.5826938676

461.8030715035

486.832512398

547.0999523085

142.1840618974

230.1102136313

304.7163194618

377.7372312553

441.1642195515

488.9746329466

546.3816491859

516.9565217391



Sheet1

		

						Age class

				sample year		Age 1		Age 2		Age 3		Age 4		Age 5		Age 6		Age 7		Age 8

				Spring 92		156		238		318		403		434		453		442		523

				Spring 93		163		236

				Spring 94		160		229		285		349		493		577		706

				Spring 95		173		250		327		391		470		547		610

				Fall 92		146		198		261		335		406		478

				Fall 94		179		255		315		361		380

				Fall 99		190		271		343		407		462		487		547

				All years sample mean		142		230		305		378		441		489		546		517
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1978

		

				Species Composition 1978 Survey

				Type of Fish				(#)		(%n)

				black crappie				206		16.3

				bluegill				402		31.9

				brown bullhead				18		1.4

				burbot				0		0

				carp				31		1.8

				lake whitefish				0		0

				largemouth bass				206		16.3

				largescale sucker				1		0.1

				longnose sucker				0		0

				northern pike-minnow				0		0

				pumpkinseed sunfish				2		0.2

				rainbow trout				0		0

				sculpin				7		0.6

				smallmouth bass				5		0.4

				walleye				0		0

				yellow perch				390		31

				TOTAL				1268





1989

		

				Species Composition 1989 Survey

				Type of Fish				(#)		(%n)

				black crappie				10		1.4

				bluegill				5		0.7

				brown bullhead				135		17.9

				burbot				0		0

				carp				62		8.8

				lake whitefish				15		2.1

				largemouth bass				1		0.1

				largescale sucker				2		0.3

				longnose sucker				18		2.6

				northern pike-minnow				1		0.1

				pumpkinseed sunfish				0		0

				rainbow trout				40		5.7

				sculpin				3		0.4

				smallmouth bass				6		0.9

				walleye				136		19.4

				yellow perch				278		39.6

				TOTAL				712





1999

		

				Species Composition 1999 Survey

				Type of Fish				(#)		(%n)

				black crappie				369		5.4

				bluegill				800		11.7

				brown bullhead				156		2.3

				burbot				1		0.01

				carp				154		2.3

				lake whitefish				11		0.2

				largemouth bass				438		6.4

				largescale sucker				5		0.1

				longnose sucker				33		0.5

				northern pike-minnow				7		0.1

				pumpkinseed sunfish				5		0.1

				rainbow trout				80		1.2

				sculpin				6		0.1

				smallmouth bass				287		4.2

				walleye				659		9.6

				yellow perch				3819		55.9

				TOTAL				6830

				Species Composition

								1978 Survey				1989 Survey				1999 Survey

				Type of Fish				(#)		(%n)		(#)		(%n)		(#)		(%n)

				black crappie				206		16.3		10		1.4		369		5.4

				bluegill				402		31.9		5		0.7		800		11.7

				brown bullhead				18		1.4		135		17.9		156		2.3

				burbot				0		0		0		0		1		0.01

				carp				31		1.8		62		8.8		154		2.3

				lake whitefish				0		0		15		2.1		11		0.2

				largemouth bass				206		16.3		1		0.1		438		6.4

				largescale sucker				1		0.1		2		0.3		5		0.1

				longnose sucker				0		0		18		2.6		33		0.5

				northern pike-minnow				0		0		1		0.1		7		0.1

				pumpkinseed sunfish				2		0.2		0		0		5		0.1

				rainbow trout				0		0		40		5.7		80		1.2

				sculpin				7		0.6		3		0.4		6		0.1

				smallmouth bass				5		0.4		6		0.9		287		4.2

				walleye				0		0		136		19.4		659		9.6

				yellow perch				390		31		278		39.6		3819		55.9

				TOTALS				1268				712				6830






_1027237049.xls
INCLUDED

		

				Species Composition **

				Species				(kg)		(%W)		(#)		(%n)		Min		Max

				black crappie				38.5		2.4		707.0		6.5		75.0		342.0

				bluegill				57.7		3.6		1329.0		12.3		35.0		300.0

				brown bullhead				47.6		3.0		166.0		1.5		57.0		409.0

				burbot				0.1		0.0		1.0		0.0		528.0		528.0

				carp				572.7		35.5		155.0		1.4		71.0		845.0

				lake whitefish				15.3		0.9		11.0		0.1		221.0		554.0

				largemouth bass				58.8		3.6		888.0		8.2		75.0		501.0

				largescale sucker				7.8		0.5		5.0		0.0		273.0		582.0

				longnose sucker				33.0		2.0		33.0		0.3		105.0		521.0

				northern pike-minnow				0.6		0.0		7.0		0.1		173.0		250.0

				pumpkinseed sunfish				0.1		0.0		5.0		0.0		91.0		124.0

				rainbow trout				59.4		3.7		80.0		0.7		306.0		501.0

				sculpin				0.0		0.0		6.0		0.1		45.0		114.0

				smallmouth bass				45.8		2.8		331.0		3.1		70.0		376.0

				walleye				481.3		29.9		1561.0		14.4		92.0		796.0

				yellow perch				193.3		12.0		5563.0		51.3		11.0		341.0

				TOTALS				1612.2		100.0		10848		100.0

				**YOUNG OF THE YEAR INCLUDED





EXCLUDED

		

				Species Composition*

				Type of Fish						(kg)		(%W)		(#)		(%n)		Min		Max

				black crappie						33.0		2.1		369.0		5.4		111.0		342.0

				bluegill						56.3		3.6		800.0		11.7		82.0		300.0

				brown bullhead						47.5		3.1		156.0		2.3		101.0		409.0

				burbot						0.9		0.1		1.0		0.0		528.0		528.0

				carp						572.7		36.9		154.0		2.3		350.0		845.0

				lake whitefish						15.3		1.0		11.0		0.2		221.0		554.0

				largemouth bass						53.4		3.4		438.0		6.4		111.0		501.0

				largescale sucker						7.8		0.5		5.0		0.1		273.0		582.0

				longnose sucker						33.0		2.1		33.0		0.5		105.0		521.0

				northern pike-minnow						0.6		0.0		7.0		0.1		173.0		250.0

				pumpkinseed sunfish						0.1		0.0		5.0		0.1		91.0		124.0

				rainbow trout						59.4		3.8		80.0		1.2		306.0		501.0

				sculpin						0.0		0.0		6.0		0.1		45.0		114.0

				smallmouth bass						45.4		2.9		287.0		4.2		101.0		376.0

				walleye						449.5		29.0		659.0		9.6		191.0		796.0

				yellow perch						177.1		11.4		3819.0		55.9		101.0		341.0

				TOTALS						1552.1				6830

				*YOUNG OF THE YEAR EXCLUDED





spring00

		

				Species Composition

				Type of Fish				(kg)		(%w)		(#)		(%n)		Min		Max

				Brown Bullhead				88.0		3.7		143		5		63		443

				Black Crappie				16.6		0.7		110		3		88		382

				Bluegill				8.1		0.3		113		4		30		210

				Sculpin				2.0		0.1		265		8		52		146

				Carp				1754.1		73.1		499		16		345		860

				Largemouth Bass				44.5		1.9		52		2		90		521

				Longnose Sucker				4.8		0.2		6		0		142		484

				Largescale Sucker				10.4		0.4		7		0		362		570

				Pumpkinseed Sunfish				0.1		0.0		3		0		100		121

				Rainbow Trout				49.5		2.1		86		3		236		502

				Smallmouth Bass				46.8		2.0		383		12		56		406

				Walleye				304.6		12.7		583		18		69		741

				Yellow Bullhead Catfish				8.2		0.3		65		2		90		382

				Yellow Perch				61.5		2.6		854		27		110		276

				TOTALS				2399.5				3169






_1027235302.xls
fall99

		

								Electrofishing						Gill Netting

												Shock

				Species				(# / hour)		EB CI		Sites		# /GN night		GN CI		GN Nights

				black crappie				14.2		2.8		62		0.5		0.4		28

				bluegill				71.5		10.1		62		0.0		0.0		28

				brown bullhead				6.2		2.2		62		0.7		0.5		28

				burbot				0.1		0.1		62		0.0		0.0		28

				carp				7.3		1.5		62		0.3		0.2		28

				lake whitefish				0.0		0.0		62		0.1		0.2		28

				largemouth bass				6.5		1.7		62		0.0		0.0		28

				largescalesucker				0.4		0.4		62		0.0		0.0		28

				longnose sucker				1.2		0.7		62		0.0		0.1		28

				northern pike-minnow				0.2		0.2		62		0.0		0.0		28

				pumpkinseed sunfish				0.3		0.2		62		0.0		0.0		28

				rainbow trout				3.9		1.3		62		0.4		0.3		28

				sculpin (unknown)				0.6		0.4		62		0.0		0.0		28

				smallmouth bass				15.8		3.8		62		0.1		0.1		28

				walleye				15.7		2.6		62		0.9		0.6		28

				yellow perch				86.4		22.7		62		2.0		1.2		28





spring00

		

								Electrofishing						Gill Netting

												Shock

				Species				(# / hour)		EB CI		Sites		# /GN night		GN CI		GN Nights

				Brown Bullhead Catfish				6.6		2.3		60		1.5		0.4		30

				Black Crappie				3.6		1.5		60		0.1		0.1		30

				Bluegill				5.1		1.7		60		0.0		0.0		30

				Carp				5.6		2.5		60		4.5		0.8		30

				Largemouth Bass				2.2		0.9		60		0.0		0.0		30

				Longnose Sucker				0.0		0.0		60		0.1		0.1		30

				Largescale Sucker				0.0		0.0		60		0.2		0.1		30

				Rainbow Trout				2.2		1.0		60		1.9		0.8		30

				Sculpin, Unknown				13.7		5.0		60		0.0		0.0		30

				Smallmouth Bass				9.7		3.2		60		0.2		0.1		30

				Walleye				3.2		1.0		60		6.1		0.9		30

				Yellow Bullhead Catfish				2.6		1.0		60		0.0		0.0		30

				Yellow Perch				13.6		5.6		60		6.0		1.7		30






_1027235336.xls
fall99

		

								Electrofishing						Gill Netting

												Shock

				Species				(# / hour)		EB CI		Sites		# /GN night		GN CI		GN Nights

				black crappie				14.2		2.8		62		0.5		0.4		28

				bluegill				71.5		10.1		62		0.0		0.0		28

				brown bullhead				6.2		2.2		62		0.7		0.5		28

				burbot				0.1		0.1		62		0.0		0.0		28

				carp				7.3		1.5		62		0.3		0.2		28

				lake whitefish				0.0		0.0		62		0.1		0.2		28

				largemouth bass				6.5		1.7		62		0.0		0.0		28

				largescalesucker				0.4		0.4		62		0.0		0.0		28

				longnose sucker				1.2		0.7		62		0.0		0.1		28

				northern pike-minnow				0.2		0.2		62		0.0		0.0		28

				pumpkinseed sunfish				0.3		0.2		62		0.0		0.0		28

				rainbow trout				3.9		1.3		62		0.4		0.3		28

				sculpin (unknown)				0.6		0.4		62		0.0		0.0		28

				smallmouth bass				15.8		3.8		62		0.1		0.1		28

				walleye				15.7		2.6		62		0.9		0.6		28

				yellow perch				86.4		22.7		62		2.0		1.2		28





spring00

		

								Electrofishing						Gill Netting

												Shock

				Species				(# / hour)		EB CI		Sites		# /GN night		GN CI		GN Nights

				Brown Bullhead Catfish				6.6		2.3		60		1.5		0.4		30

				Black Crappie				3.6		1.5		60		0.1		0.1		30

				Bluegill				5.1		1.7		60		0.0		0.0		30

				Carp				5.6		2.5		60		4.5		0.8		30

				Largemouth Bass				2.2		0.9		60		0.0		0.0		30

				Longnose Sucker				0.0		0.0		60		0.1		0.1		30

				Largescale Sucker				0.0		0.0		60		0.2		0.1		30

				Rainbow Trout				2.2		1.0		60		1.9		0.8		30

				Sculpin, Unknown				13.7		5.0		60		0.0		0.0		30

				Smallmouth Bass				9.7		3.2		60		0.2		0.1		30

				Walleye				3.2		1.0		60		6.1		0.9		30

				Yellow Bullhead Catfish				2.6		1.0		60		0.0		0.0		30

				Yellow Perch				13.6		5.6		60		6.0		1.7		30






