FY 2007-2009 F&W Program Project Solicitation

Section 10. Narrative

This last section of your proposal is for text responses, explanations, and justifications that support the previous nine sections of the online form.

The Narrative is provided as a Word-compatible document (.doc suffix) that can be completed by inserting responses where indicated.  The document will be submitted to CBFWA when completed. 

To complete and return Section 10:

1. View the instructions for this section at http://www.nwcouncil.org/fw/budget/2007/narrative.htm.
2. Provide as much detail as you need in the spaces marked “(Replace this text with your response in paragraph form).” Do not leave parentheses around your response. Although there is no limit on the number of pages for the narrative section of the proposal, most narrative sections can provide sufficient detail in 10 pages, complex proposals in no more than 25 pages. 

3. You can insert tables, graphics or maps into this document. For help in adding graphics, contact Amy Langston at 503-229-0191 or amy.langston@cbfwa.org. 

4. This document will be viewed on the Internet. If you refer to online documents, include web addresses and use Word’s hyperlink tool to make those addresses active links in the document. Contact Amy for help.

5. Please use Word’s spell-check tool before submitting this document.

6. Save this document using your Proposal number or Project ID number (see Section 1) as the file name, and add an “n” to the end, like “198906201n.doc”.

7.
Return this document by browsing to your online proposal, choosing Section 10, then following the “Upload” instructions.
Project ID:
200705900
Title: 
Determining the Effects of Predation on Reintroduced Anadromous Salmonids in Cle Elum Lake, Washington 
A.  Abstract 

The Yakama Nation and the Washington Department of Fish and Wildlife, with cooperation from the United States Bureau of Reclamation, have begun to reintroduce coho salmon (Oncorhynchus kisutch) into Cle Elum Lake, Washington.  These agencies will continue reintroduction efforts using coho salmon and other anadromous Pacific salmon species above Cle Elum Dam, and other irrigation storage dams in the Yakima River Subbasin.  Before impoundment, Cle Elum Lake supported wild stocks of salmon; however, the fish assemblage was drastically altered with the construction of Cle Elum Dam in 1933.  Fish surveys during the early 1980’s revealed populations of lake trout (Salvelinus namaycush) and burbot (Lota lota), two highly piscivorous fish species.  Those surveys were, however, incomplete and are now out of date and thus no information on the current fish assemblage in Cle Elum Lake is available.  WDFW’s Large Lakes Research Team proposes to conduct a study to determine the effects of predation on anadromous salmon reintroduced into Cle Elum Lake.  During Fiscal Years (FY) 2007–2009, we will collect data on the abundance, size, age, and diets of fishes including key predators like lake trout and burbot, as well as data on water quality.  Predator-prey interactions will be quantified through hydroacoustics, diet analysis, and bioenergetics modeling.  We will also perform bioenergetics simulations to predict consumption on future reintroduced salmon.  In FY 2008 we will implement a fishing regulation change for lake trout, and during FY 2009 we will monitor the lake trout population and evaluate the regulation change.  The goal of this study will be to maximize the production of reintroduced anadromous salmonids in Cle Elum Lake.

B.  Technical and/or scientific background

Cle Elum Lake is a 1,948-hectare lake located on the eastern slopes of the Cascade Mountain Range (47.2457178(N, 121.0731559(W), approximately 160 km (99 miles) from Seattle, Washington, and 48 km (30 miles) northwest of Ellensburg, Washington.  Cle Elum Lake was glacially formed, and impounded in 1933 to raise water levels for irrigation storage in the Yakima River Subbasin (Phase I Assessment Report, Storage Dam Fish Passage Study, Yakima Project, Washington 2003).  Historically, Cle Elum Lake supported native species of anadromous salmonids, including sockeye salmon (O. nerka), coho salmon, steelhead (O. mykiss), and native resident fishes including kokanee salmon (O. nerka), bull trout (Salvelinus confluentus), and burbot, among others.  Numerous factors contributed to the extirpation of anadromous salmon including: dams on the Yakima River mainstem, impassible crib dams at the natural glacial lakes within the Yakima Subbasin (Cle Elum, Bumping, Keechelus, and Kachess Lakes), commercial, tribal and recreational harvest, and dams on the mainstem Columbia River, which resulted in additional loss of downstream-migrating smolts (Phase I Assessment Report, Storage Dam Fish Passage Study, Yakima Project, Washington 2003).  Construction of Cle Elum Dam in 1933, without fish passage, was the final factor, however (Yakima Subbasin Fish & Wildlife Planning Board 2004, Assessment, page 2-204; Phase I Assessment Report, Storage Dam Fish Passage Study, Yakima Project, Washington 2003).

Drastic lake elevation changes (up to 33 m) occur at Cle Elum Lake during the irrigation season.  This lake level drawdown limits recreational opportunities and severely alters the physical, chemical, and biological habitats in the lake.  Despite such severe changes in lake level, some recreators launch boats from the shoreline and utilize the exposed shoreline for beach type activities.  In 1980-81, a limited gill netting program showed that the fish assemblage consisted of lake trout, mountain whitefish (Prosopium williamsoni), redside shiner (Richardsonius balteatus), largescale sucker (Catostomus macrocheilus), and burbot (Mongillo and Faulconer 1982).  Other species observed in the lake included kokanee, cutthroat trout (O. clarki), eastern brook trout (S. fontinalis), rainbow trout (O. mykiss), brown trout (Salmo trutta), pygmy whitefish (P. coulteri), longnose sucker (C. Catostomus), torrent sculpin (Cottus rhotheus), and dace spp. (unpublished data), however, the status of these populations in Cle Elum Lake is currently unknown.  Cle Elum Lake is inconsistently stocked with rainbow trout and kokanee by WDFW.  The lake is oligotrophic, and may have the lowest productivity of the Upper Yakima Basin Reservoirs (Mongillo and Faulconer 1982).

An objective of the Anadromous Fish Reintroduction Plan, Storage Dam Fish Passage Study, Yakima Project, Washington (2005) is to restore and establish wild runs of anadromous salmon in five reservoirs/lakes located in the Yakima River Subbasin.  The project’s Core Management Team (CMT) members consist of the Yakama Nation (YN), United States Bureau of Reclamation (USBR), United Sates Forest Service (USFS), the Yakima-Tieton Irrigation District, and the Washington Department of Fish of Wildlife (WDFW).  The CMT determined that salmon passage feasibility testing would first occur on Cle Elum Lake (Phase I Assessment Report, Storage Dam Fish Passage Study, Yakima Project, Washington 2003).  The abundance of spawning habitat in the Cle Elum River, the thermal regime, size, and depth make Cle Elum Lake a prime test lake for salmon recovery efforts.  

Coho salmon smolts are being used to test the interim downstream fish passage facility constructed on the Cle Elum Dam spillway in 2005.  The near-term goals of the CMT are to determine if coho salmon smolts can successfully locate and emigrate from the reservoir using the passage facility, and to establish a self-sustaining run of coho salmon in Cle Elum Lake.  The CMT tested the interim passage facility in spring 2006.  Approximately 13,000 PIT tagged coho salmon smolts were placed in net pens in June and released shortly thereafter.  Roughly 600 coho salmon smolts were detected through the PIT tag array at the interim passage facility.  If coho salmon smolts successfully outmigrate (evaluation by the YN), the CMT will attempt to establish sockeye salmon and spring Chinook (O. tshawytscha) salmon runs in Cle Elum Lake as mid-term goals of fish reintroduction.  Lake Wenatchee or Lake Osoyoos may provide the donor stocks of sockeye salmon.  Long-term goals of the CMT are to establish self-sustaining runs of steelhead and Pacific lamprey (Lampetra tridentata).  Results obtained from a sockeye salmon reintroduction study conducted by Flagg et al. (2000) suggest that it is likely that salmon smolts will successfully use the passage facility.  However, the work performed by Flagg et al. (2000) presented little information about factors in the lake that affect growth and survival of juvenile salmon.

The goal of this proposal is to maximize salmon smolt production from Cle Elum Lake by: 1) assessing how predation may limit the production of salmon smolts released from net pens within Cle Elum Lake, and 2) recommending management actions that will reduce production bottlenecks, if they occur.  Results from this study will be applicable to other reintroduction efforts within Cle Elum Lake and other Yakima Subbasin lakes/reservoirs of coho salmon, sockeye salmon, spring Chinook salmon, steelhead, and Pacific lamprey, although study design, sample sizes, and certain methods of evaluation may need to be altered, eliminated, or added depending on initial findings, to evaluate species-specific limitations, and/or to meet the objectives of the CMT.
To identify possible factors that contribute to the success of salmon survival, it is useful to study separate stages of life history such as ocean, estuary, and freshwater phases (Beauchamp et al. 1997).  While in freshwater, salmon are subject to numerous potential abiotic and biotic limiting factors (Beauchamp et al. 1995).  Determining what these factors are and their impact on salmon will help the CMT determine what management actions should occur to increase their survival and abundance (Baldwin et al. 2000; Beauchamp 1995; Beauchamp et al. 1995).  This project will concentrate on effects of predation on salmon smolts in Cle Elum Lake.
Based on previously collected data, potential fish predators of juvenile salmon in Cle Elum Lake include lake trout, burbot, and bull trout; however, little is known about the abundance, growth, diet, or survival of these predators.  Burbot and bull trout are native to Washington State, while lake trout are introduced.  Adult bull trout, burbot, and lake trout feed almost exclusively on fish (Wydoski and Whitney 2003) and are considered apex predators in many systems.

Using bioenergetics modeling, the LLRT will examine predation to determine impacts to current and future reintroductions of salmon to Cle Elum Lake.  There have been similar studies on other lakes and reservoirs including Flaming Gorge Reservoir, Utah–Wyoming (Yule and Luecke 1993; Luecke et al. 1994); Lake Ozette, Washington (Beauchamp et al. 1995); Lake Washington, Washington (Beauchamp 1995); Blue Mesa, Taylor Park, and Twin Lakes Reservoirs and Lake Granby, Colorado (Johnson and Martinez 2000); Yellowstone Lake, Wyoming (Ruzycki et al. 2003); and Lake Roosevelt, Washington (Baldwin et al. 2003).  The LLRT has conducted the same type of study on Moses Lake, Washington (Burgess 2003) and Banks Lake, Washington (Polacek et al. 2003).  Bioenergetics modeling and hydroacoustic abundance estimates have been used to describe predator-prey interactions within the aforementioned lakes and reservoirs and will be used in this study as well.  Researchers, for example, used bioenergetics modeling to examine predatory impacts of walleye (Sander vitreus) on prey fishes of Moses Lake, Washington (Burgess et al. 2006).  Moreover, through bioenergetics modeling, Beauchamp et al. (1995) determined that food was not a limiting factor to sockeye salmon in Lake Ozette, Washington, and Beauchamp et al. (1989) found that estimates of prey consumption using bioenergetics modeling constructed for sockeye salmon were in close agreement to estimates of prey consumption based on samples collected in the field.  Hydroacoustic surveys were utilized to determine predator/prey distribution and abundance of fishes in Banks Lake, Washington (Polacek et al. 2003) and Lake Roosevelt, Washington (Baldwin et al. 2003).  Mark-recapture studies were used by the LLRT on Moses Lake to determine abundance of walleye (Burgess et al. 2006), and on Banks Lake to determine abundance of smallmouth bass (WDFW, unpublished data). Water temperature affects fish feeding, spatial distribution, growth, and survival (Everhart and Youngs 1981).  We will collect water temperature data, which will be incorporated, into the bioenergetics model (Hanson et al. 1997; Hansen et al. 1993).

The LLRT assumes that lake trout will be the largest contributor to predation of reintroduced salmon in Cle Elum Lake for several reasons.  Lake trout are large bodied (Luecke et al, 1994; Evans and Olver 1995; Johnson and Martinez 2000; and Ruzycki et al. 2003); consequently, they can have high prey consumption rates.  Lake trout also possess large eggs (Evans and Olver 1995; and Ruzycki et al. 2003); are highly fecund (Evans and Olver 1995; and Ruzycki et al. 2003); and have independent embryos capable of occupying protective rocky littoral habitats (Evans and Olver 1995; and Ruzycki et al. 2003), which means that lake trout populations have the potential to increase in abundance when a new food resource becomes available (such as introduced juvenile salmonids).  Finally, lake trout are also well adapted to oligotrophic lakes (Luecke et al, 1994; Evans and Olver 1995; Kaeding et al. 1996; Johnson and Martinez 2000; and Ruzycki et al. 2003); and long-lived (Luecke et al, 1994; Evans and Olver 1995; Johnson and Martinez 2000; and Ruzycki et al. 2003).  Lake trout were discovered in Yellowstone Lake and threatened native Yellowstone cutthroat trout.  Had the National Park Service (NPS) not removed approximately 14,500 lake trout using gill netting from 1995–1998, Ruzycki et al. (2003) estimated that lake trout predation would have exceeded annual cutthroat trout production by 2012 and exceeded cutthroat trout biomass by 2015.  The surface area of Yellowstone Lake is roughly five times that of Cle Elum Lake.  Therefore, it may be possible to conduct a gill netting control program at a much smaller scale than that of Yellowstone Lake if fishing regulation changes are deemed unsuccessful at lowering lake trout abundance in Cle Elum Lake.  However, fishing regulation changes may prove to be effective as Evans and Olver (1995) noted that exploitation could be an important cause of mortality to lake trout.

Bull trout are considered threatened in the Yakima Subbasin (Yakima Subbasin Fish & Wildlife Planning Board 2004, Assessment, page 2-153), and no harvest of bull trout is permitted from Cle Elum Lake.  According to the Yakima Subbasin Plan and other documents, it is possible that lake trout prey upon bull trout in Cle Elum Lake (Yakima Subbasin Fish & Wildlife Planning Board 2004, Assessment, page 2-327; U.S. Fish & Wildlife Service 2002, Introduction, page 32; WDFW 1998, page 279); and “potential for competition and predation on bull trout should be investigated, and if warranted, actions to reduce the impact implemented” (Yakima Subbasin Fish & Wildlife Planning Board 2004, Assessment, page 2-327).  It has been documented that lake trout can displace bull trout in lakes (Donald and Alger 1993).  Through bioenergetics modeling, the LLRT will determine consumption of salmon by bull trout, and determine consumption of bull trout by piscivorous fishes.  These and other data collected that apply to bull trout will be provided to the appropriate bull trout managing entity.

In 2000, WDFW implemented a statewide fishing rule change eliminating the use of set lines when fishing for burbot and set the daily limit to five fish per person.  It is unknown, however, how these regulations have affected the population of burbot in Cle Elum Lake.  It has been documented that when lake trout decreased in abundance, a burbot population increased its abundance (Day 1983).  Conversely, Carl (1992) found that changes in lake trout abundance had no discernable effect on burbot abundance.  If the LLRT notices a marked increase in burbot abundance following fishing regulation changes on lake trout then a regulation change for burbot could be implemented to restrain their predation on introduced salmonids.  Prior to making such a regulation change however, an analysis tool, such as Fishery Analyses and Simulation Tools (FAST) 2.0 would be used to predict the outcome of various regulation changes.

This project will be a cooperative effort between the CMT and the LLRT.  The YN will be responsible for providing fish, feeding fish while in net-pens, and monitoring and evaluating the success of the downstream passage facility.  It will be the responsibility of the USBR to fund the construction of the downstream passage facility and eventually, the upstream passage facility.  The CMT will rely on the LLRT to determine in-lake limiting factors (J.A. Easterbrooks, WDFW Region 3 Fish Program Manager, CMT member, personal communication).  The goals and objectives of additional project phases will depend on the initial findings during FY 2007-2009.  For example, if the implemented fishing regulation change or gill netting removal program are deemed unsuccessful at reducing lake trout predation, the net-pen rearing period for salmon could be extended to increase the size of the released fish to reduce their vulnerability to predators, or alternate release strategies could be evaluated.  In conclusion, no matter what the objectives of this new work might be, the biological costs and benefits of any proposed management strategy will be evaluated through the implementation of a monitoring and evaluation plan.

C.  Rationale and significance to regional programs


The Yakima Subbasin Plan maintains that the extirpation of salmon has reduced productivity of all species within the Yakima Subbasin (Yakima Subbasin Fish & Wildlife Planning Board 2004, Management Plan Supplement, page 14).  The successful reintroduction of extirpated salmon would provide biological benefits, such as added nutrients for wildlife and birds (USBR 2002), as well as cultural, recreational, and economical benefits (Yakima Subbasin Fish & Wildlife Planning Board 2004, Management Plan Supplement, page 14).  The Yakima Subbasin Plan also states, “The feasibility of sockeye reintroduction should receive study, and sockeye should be reintroduced wherever it is determined that passage, habitat, and potential productivity of the environment are sufficient to support viable populations over the long term” (Yakima Subbasin Fish & Wildlife Planning Board, Assessment, page 2-209).  The LLRT believes that the above statement applies to all salmon reintroduction attempts, and feels that determining effects of predation on salmon in Cle Elum Lake will facilitate successful future reintroductions of salmon.

The 2000 Fish and Wildlife program emphasizes the need to practice adaptive management, using experimental designs, and integrating monitoring and research (Northwest Power Planning Council 2000, page 13), which applies directly to the Cle Elum Lake project goals.  The Cle Elum Lake project relates to the regional objectives for anadromous fish losses (Northwest Power Planning Council 2000, pages 13 & 16-17, respectively).  As indicated by the 2000 Fish and Wildlife Program, changes to the hydrosystem are unlikely to completely mitigate impacts to fish and wildlife; however, the Northwest Power Act allows off-site mitigation in tributaries and subbasins off the mainstem Columbia River (Northwest Power Planning Council 2000, pages 20-21).  Off-site mitigation is defined as “The improvement in conditions for fish or wildlife species away from the site of a hydroelectric project that had detrimental effects on fish and/or wildlife, as part or total compensation for those effects.  An example of off-site mitigation is the fish passage restoration work being conducted in the Yakima River Basin for the detrimental effects caused by mainstem hydroelectric projects” (Northwest Power Planning Council 2000, page A-3).  Successful reintroductions of salmon to Cle Elum Lake would equate to successful off-site mitigation using native anadromous fishes, by means of adaptive management, experimental designs, and monitoring and research.

D.  Relationships to other projects


The proposed Cle Elum Lake project is directly related to the Anadromous Fish Reintroduction Plan, Storage Dam Fish Passage Study, Yakima Project, Washington (2005).  This plan will determine the feasibility of constructing passage at the Yakima River reservoirs/lakes and continue to monitor the tributaries to determine available spawning habitat.  The LLRT would contribute data regarding limiting factors to reintroduction within Cle Elum Lake, and possibly, initiate similar studies of the other reservoirs/lakes where reintroduction is to occur.

Our proposed project directly relates to BPA Project 199604000: Mid-Columbia Coho Restoration.  The coho being used as test fish for Cle Elum Lake are from this project.  This proposed project also relates to the Yakima/Klickitat Fisheries Project (YKFP).  The YKFP is a cooperative effort between the YN and the WDFW.  The goals of the YKFP are to “Enhance existing stocks of anadromous fish in the Yakima and Klickitat river basins while maintaining genetic resources; reintroduce stocks formerly present in the basins; and apply knowledge gained about hatchery supplementation throughout the Columbia River Basin” (Yakima Subbasin Fish & Wildlife Planning Board 2004, Inventory, page 3-24).  The YKFP monitors interactions between wild and hatchery-supplemented fishes within the Yakima River.  If the LLRT assisted the CMT in successfully reintroducing salmon to Cle Elum Lake, they would occupy the Yakima River for a portion of their life history, and their interactions with other fishes would need to be evaluated by the YKFP.  Additionally, National Environmental Policy Act (NEPA) and State Environmental Policy Act (SEPA) documents for YKFP also apply to Cle Elum Lake.

E.  Project history (for ongoing projects) 

This is a new project.

F.  Proposal biological objectives, work elements, and methods

Due to current uncertainties about the fish assemblage in Cle Elum Lake, it is critical to investigate potential factors that may limit or alter the success of the salmon reintroduction plan.  The goal of this proposal is to maximize salmon smolt production from Cle Elum Lake by assessing how predation may limit the production of salmon smolts released from net pens within Cle Elum Lake, and by recommending management actions that will reduce predation effects and production bottlenecks, if they occur.

Biological Objective 1.  Determine effects of predation on reintroduced salmon by piscivorous fishes.  (FY 2007-2009)

Hypothesis 1.  Piscivore consumption negatively influences salmon survival in Cle Elum Lake.

Work Element Name 1.1.  Analyze/Interpret Data (162).  

Work Element Title 1.1.  Perform bioenergetics modeling to determine piscivore consumption on reintroduced salmonids.
Methods 1.1.

We will use the Bioenergetics Model 3.0 (Hanson et al. 1997) to estimate prey consumption in Cle Elum Lake for FY 2007–2009.  We will use the original physiological parameters in the model for various species examined.  Estimating dietary consumption using the bioenergetics model requires inputs of population abundance, growth increments, water temperature, dietary composition, and energy equivalents.  We will assume that all fishes sought the highest water temperature available up to their preferred temperature (e.g. 15.5C; Brett et al. 1958).  Population abundance estimates will be obtained from hydroacoustics and netting and mark-recapture surveys, growth simulations will be run from the initial time of stocking through 365 days to estimate prey consumption.  Dietary information will be obtained from the diet analysis obtained from the field sampling.  Water temperature will be obtained using sampling methods described in Methods 1.2.  The bioenergetics model will extrapolate between sampling dates except when fine scale diet information is available such as during stocking events.  We will obtain dietary energy values (joules) from Cummins and Wuycheck (1971), Beauchamp et al. (1989) and Chipps and Bennett (2000).  Dietary energy equivalents will remain constant throughout the year.  We will use approximately 5-7 categories of major food items in the simulations.  Dietary items will be summed by month and their proportional contribution determined for each of the major food items within the diet.  In addition to estimating the current prey consumption, we will perform bioenergetics simulations to determine possible effects of predation on future stocking events of anadromous salmon.
Work Element Name 1.2.  Collect/Generate/Validate Field and Lab Data (157).

Work Element Title 1.2.  To monitor water temperatures in Cle Elum Lake for future incorporation into the bioenergetics model.

Methods 1.2.

The LLRT will measure water temperature to input into the bioenergetics model.  We will collect data from the surface to the bottom at 1- to 3 m intervals at 5 offshore and 5 nearshore sites monthly from November to April and bi-weekly from May to October, using a Hydrolab Inc. Water Quality Data Sonde.  If these data show little variation among locations, we shall reduce sampling locations to three each, nearshore and offshore.

Work Element Name 1.3.  Analyze/Interpret Data (162).

Work Element Title 1.3.  To analyze results of water temperature monitoring.

Methods 1.3.  
The LLRT will incorporate the temperature data into the bioenergetics model to determine piscivore consumption (Work Element Title 1.1).

Work Element Name 1.4.  Collect/Generate/Validate Field and Lab Data (157).

Work Element Title 1.4.  Conduct hydroacoustic and netting surveys to determine predator abundance.

Methods 1.4.

Hydroacoustic surveys will be used to determine piscivore abundance by extrapolating mobile hydroacoustic density to reservoir area in late July.  We will use a HTI model 241 echosounder with a pole-mounted 15( split-beam downlooking transducer, multiplexed with a 6( by 10( elliptical transducer in sidelooking orientation.  Data will be logged directly into a computer and unprocessed echoes recorded on digital audiotapes.  The pulse repetition rate will be 8 pings/second and only echoes within 7.5( off-axis (downlooking) or 3(sidelooking), that meet the single echo criteria of the software, will be included in the analysis.  Cle Elum Lake will be sampled on a single night, with transects conducted in an elongated zigzag pattern across the limnetic zone.  Surveys will be conducted during moonless nights and transects will be at least 100 m from shore, deeper than 5 m, and conducted at a boat speed of 2- to 3 m/s.  The sidelooking transducer will sample the near surface strata from 1- to 8 m.  The downlooking transducer will be used to sample from 8 m to within 1 m of the bottom.

Netting surveys will be used to provide species verification, depth distributions, and length frequencies of acoustic targets.  The night of the survey and the following two nights, stacked horizontal tangle nets (Vander Haegen et al. 2004) will be randomly set in the limnetic zone.  Horizontal net sizes and mesh array will be determined based on the literature.  Our efforts will cover up to 30% of the potential limnetic sampling sites that are deep enough (at least 12 m) to sample.  Maptech software will be used to spatially segregate (~500 m diameter) the limnetic sampling sites by placing a point near the center of each quadrant of each section in their respective township and range.  Additional points will be added along the North, South, East, and West borders of each section, as well as the center point (Polacek et al. 2003).  An alternate method may be used where points will be placed 200 meters apart along the predetermined hydroacoustic survey transects (Baldwin and McLellan 2005).  This method will provide uniform coverage, representative offshore sites throughout the lake, and a GPS point to navigate to for net deployment.

Work Element Name 1.5.  Analyze/Interpret Data (162).

Work Element Title 1.5.  Use hydroacoustic and tangle net data to determine the abundance of piscivores in Cle Elum Lake.

Methods 1.5.

The target tracking method of determining fish density will be used and extrapolated to reservoir area to determine abundance.  Mean densities for five size classes of acoustic targets (55-45, 45-39.2, 39.2-33.5, 33.5-28.8, and <28.8 -dB) will be evaluated for downlooking targets.  Target strengths between –55 and <–28.8 dB will be converted to estimate fish lengths using a formula generated by Love (1971, 1977); the respective length classes of the previous target strength size classes will be 25-100 mm, 101-200 mm, 201-400 mm, 400-700 mm, and >700 mm.  We will not be able to differentiate the size of acoustic targets from the sidelooking transducer due to uncertainties of fish orientation. 

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

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

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

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

V =  (½ * b * h * (l*e)

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

b = 2 R tan (NBW/2)

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

Species-specific abundance estimates will be calculated by multiplying the species composition of various size classes by the acoustic abundance estimates for the corresponding sizes.  We will apply the length frequency from the vertical transducer to the horizontal data because fish target echoes in horizontal aspect do not relate to fish length as they do in vertical aspect (Kubecka 1994; Yule 2000).  The assumption that fish species composition and size distribution is the same from 1.5- to 8 m (horizontal acoustics) and from 8- to 25 m will be validated with netting data.

Work Element Name 1.6.  Mark/Tag Animals (158).
Work Element Title 1.6.  Collect and tag piscivores to determine their abundance.

Methods 1.6.


As a comparison to hydroacoustics sampling, the LLRT will conduct a mark-recapture study to determine piscivore abundance.  Piscivores collected during hydroacoustic tangle netting will be tagged using Floy anchor tags.  Recapture events will occur two weeks later to increase probability of recapture after fish have been allowed to redistribute and reduce stress levels following handling and tagging.

Work Element Name 1.7.  Collect/Generate/Validate Field and Lab Data (157).
Work Element Title 1.7.  Collect calcified structures to determine the ages of predatory fishes.
Methods 1.7.

We will use standard protocol from the WDFW Warm Water Fish Survey Manual (Bonar et al. 2000) to collect biological data to determine growth and age, which will be incorporated into the bioenergetics model.  Surveys will be conducted during spring (ice off), summer, and fall.  Capture methods will include boat electrofishing, horizontal tangle nets, and fyke nets.  Horizontal net sizes and mesh array will be determined from the literature.  Horizontal tangle nets and fyke nets (4 ft hoops with 100 ft lead line and 25 ft wings) will be set perpendicular to the shoreline just before dusk, and retrieved the following morning or within 24 h.  Electrofishing will be conducted at night using a 5.5 m (18 ft) Smith Root 5.0 Generator Powered Pulsator (GPP) electrofishing boat.  It has been shown that nighttime electrofishing catches more fishes, larger fish, and greater number of fish than daytime electrofishing (Murphy and Willis 1996).  We will operate the electrofishing boat parallel to the shoreline for 600 consecutive s, at a rate of less than .2 m/s, maintaining a distance from shore that allows the inshore boom to fish entirely in the water and avoiding areas that exceed 2 m (6.5 ft) in depth.  To initiate fish galvanotaxis, we will produce 1-2 amps by setting the voltage to low power, the frequency to 30 Hz DC and the range to 42-48% of duty cycle (Polacek et al. 2003), depending on fish response and conductivity in Cle Elum Lake.  If these gear types do not adequately sample certain size classes of predators, other methods of capture may be employed such as night beach seining, set lines, trawling or angling.

Sample sites will be created using Archview software and placing a starting point for each site every 400 m around the perimeter of the reservoir.  We will then randomly select at least 20% of the sites.  The standard warmwater protocol (Bonar et al. 2000) calls for a 3:2:2 ratio (electrofishing, gill netting and fyke netting), however, refinement of this effort and the ratio of methods may occur depending on basin morphology and sampling success.  All shocked and netted predatory fish will be measured (TL-mm) and weighed (g).  Scale samples will be taken from live fish, and scales and otoliths from dead fish.

Work Element Name 1.8.  Analyze/Interpret Data (162).

Work Element Title 1.8.  Determine the ages of predatory fishes using the collected calcified structures.

Methods 1.8.

Scale and otolith samples will be sent to the WDFW aging laboratory in Olympia, Washington for age determination and we will incorporate the data into the bioenergetics model.

Work Element Name 1.9.  Collect/Generate/Validate Field and Lab Data (157).

Work Element Title 1.9.  Collect stomach samples to determine the diet composition of piscivores.
Methods 1.9.

Abundant piscivore consumption of salmon will be quantified by diet analysis, followed by application of bioenergetics modeling.  While collecting aging structures from piscivores (Work Element Title 1.6), we will collect stomach samples.  Stomach samples will be collected from live fish collected via electrofishing using gastric lavage (Light et al. 1983).  Additional stomach samples will be taken from netted fish to supplement species and size classes that were not adequately sampled with electrofishing gear.  We will also quantify the effects of piscivory on salmon smolts following net pen releases using methods in Baldwin et al. (2003).  These data will be incorporated into the bioenergetics model to quantify loss of salmon smolts following stocking.  Stomachs and stomach contents will be preserved in 95% ethanol.

Work Element Name 1.10.  Analyze/Interpret Data (162).

Work Element Title 1.10.  Determine the diet composition of piscivores using the collected stomach samples.

Methods 1.10.

Contents of stomach samples will be determined using identification keys (e.g. Merritt and Cummins 1996; Pennak 1989; Hansel et al. 1988), and a Leica Wild M3Z dissecting scope.  The blotted-dry wet weight proportion of each diet taxon will be determined and averaged within each species and season.  Dietary items will be lumped into 5-7 categories for quantification in the bioenergetics model.

Biological Objective 2.  Implement a fishing regulation change on lake trout in Cle Elum Lake, and repeat data collections from Biological Objective 1 to monitor and evaluate the regulation change (FY 2008).
Hypothesis 2.  Piscivore consumption can be reduced following a fishing regulation change for lake trout.

Work Element Name 2.1.  Remove or Relocate Predaceous Animals (166).

Work Element Title 2.1.  Implement a fishing regulation change for lake trout in Cle Elum Lake.

Methods 2.1.


We will implement a fishing regulation change for lake trout.  The new fishing regulation will likely eliminate both size limits and daily limits in an attempt to dramatically reduce the number of lake trout in Cle Elum Lake.  The regulation change will be evaluated through the continuation of data collections described in Biological Objective 1.

Work Element Name 2.2.  Produce Environmental Compliance Documentation (165).

Work Element Title 2.2.  Follow proper procedures to change fishing regulation for lake trout.

Methods 2.2.


We will follow the proper procedures to change the lake trout fishing regulation.

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

Work Element Title 2.3.  Evaluation of fishing regulation change.

Methods 2.3.


Data obtained from the continuation of methods described in Biological Objective 1 will be used to evaluate the success of the fishing regulation change.  For example, if we determine there is no decrease in lake trout abundance we will implement a removal program in FY 2009 to reduce lake trout abundance. 
Biological Objective 3.  Monitor and evaluate the fishing regulation change on lake trout in Cle Elum Lake, by continuing data collections listed in Biological Objective 1.  Evaluate feasibility of other management actions if regulation change is deemed unsuccessful at reducing predation (FY 2009).

Hypothesis 3.a.  Piscivore consumption can be reduced following a fishing regulation change for lake trout.

Work Element Name 3.1.  Analyze/Interpret Data (162).

Work Element Title 3.1.  Repeat evaluation of fishing regulation change.

Methods 3.1.

Continue methods described in Methods 2.2.

Hypothesis 3.b.  Implementing a vigorous removal program can reduce piscivore consumption.

Work Element Name 3.2.  Remove or Relocate Predaceous Animals (166).

Work Element Title 3.2.  Implement a removal program for lake trout in Cle Elum Lake.

Methods 3.2.


If we determine that the population of lake trout did not significantly decrease following the regulation change, we will implement an extensive removal program using gill nets with mesh sizes and placement appropriate to lake trout following methods in Ruzycki et al. (2003).  If these methods harm bull trout we will use tangle nets instead, release all bull trout, and exterminate captured lake trout.

Work Element Name 3.3.  Produce Environmental Compliance Documentation (165).

Work Element Title 3.3.  Follow proper procedures to implement a removal program for lake trout.

Methods 3.3.


We will follow the proper procedures to implement a removal program for lake trout.

Biological Objective 4.  Administrative Duties of the Project: reporting and remaining compliant with federal and state agencies regarding permits.  (FY 2007–2009).

Work Element Name 4.1.  Produce Status Report (141).

Work Element Title 4.1.  Pisces reporting.

Methods 4.1.


We will complete and enter status reports into BPA’s database Pisces, regarding completion of project schedules and fulfilling contractual obligations.

Work Element Name 4.2.  Produce Status Report (141).

Work Element Title 4.2.  Quarterly reporting.
Methods 4.2.


These quarterly reports will inform BPA of the status of the project, and include data and analyses when applicable.

Work Element Name 4.3.  Produce Annual Report (132).
Work Element Title 4.3.  Annual Reports.
Methods 4.3.


Annual reports will be completed each year and at the end of the contract period to present results and inform BPA of the project status.  Annual reports will present data, analyses, and recommendations, should they be required.  This will also be the appropriate time to request budget modifications or changes within the work plan.

Work Element Name 4.4.  Produce Environmental Compliance Documentation (165).

Work Element Title 4.4.  Obtain necessary federal and state permits to perform proposed work. 

Methods 4.4.

Due to the sensitive species we will be working with on this project, it will be necessary to obtain permits from NOAA and WDFW.  Further consultation with these agencies may be required in order to reduce risks associated with the project.

Work Element Name 4.5.  Manage and Administer Projects (119).
Work Element Title 4.5.  Additional administrative duties.

Methods 4.5.

This task will include the day-to-day operations associated with project personnel, agency policy, purchases, management of sub-contractors, additional inter- and intra-agency exercises and budget monitoring.

Work Element Name 4.6.  Produce/Submit Scientific Findings Report (183).

Work Element Title 4.6.  Submit findings to scientific journals.

Methods 4.6.

The culmination of this project will be to submit our findings to peer-reviewed scientific journals.

G.  Facilities and equipment

Much of the sampling equipment necessary for this project has already been purchased by other projects working within WDFW.  The hydroacoustic boat, hydroacoustic equipment, and personnel necessary to sample offshore fish are currently working on the Lake Roosevelt and Banks Lake Monitoring Projects and, if the Cle Elum project is funded, these human and material resources will be used to conduct the project.  Likewise, the LLRT has access to two electrofishing boats, an 18’ netting boat, two Hydrolab water quality units, precision GPS equipment, and lab space at Central Washington University.  The LLRT has also submitted other BPA proposals, and if funded, all projects will share equipment, personnel, and facilities.  These equipment-sharing opportunities represent a means of working in a cooperative and efficient manner, minimizing capitol equipment expenditures for a new project.  However, the online budget was constructed for this project alone, in the event that other LLRT projects are not funded.
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Oct 1999-August 2002 

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

4.  May 1997 to October 1997
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Bachelor of Science, Biology
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WDFW Scientific Technician I
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Ph.D.:
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Certified Fisheries Scientist.  American Fisheries Society 1972 – Present.

Associate Member of the American Institute of Fishery Research Biologists 1974–1978.

Member of the American Institute of Fishery Research Biologists 1978 – Present.
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Effects of selected effluents on certain limnological characteristics of the Farmington River, Connecticut.

Ph.D. Dissertation:
Effects of pumped storage project operations on the spawning
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Assistant Professor, College of Forestry, Wildlife and Range Sciences,
University of Idaho, Department of Fishery Resources, 1975–1978.
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Professor Emeritus, College of Forestry, Wildlife and Range Sciences,
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Other Experience:

Miscellaneous Consulting Activities, Resource Development Projects, 1984 – Present.

N.E.R.P. Biologist, Savannah River Ecology Laboratory, Aiken, SC 1978.

Graduate Research Assistant, Virginia Polytechnic Institute and State University, Department of Fish and Wildlife Resources, Blacksburg, VA  1972–75.

District Fisheries Biologist, State of West Virginia, Charleston, W. VA.  1970–72.

Research Associate, Savannah River Ecology Laboratory, Aiken, SC  1968–70.

Graduate Research Assistant, University of Connecticut, Storrs, CT 1966–68.  (Part-time and summers).

Summer Aide, U.S. Fish & Wildlife Service, Moosehorn National Wildlife Refuge, Calais, ME  1963.
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Certified Fisheries Scientist, American Fisheries Society.

1973 

Associate Member of The American Institute of Fishery Research Biologists.

1978 

Member of The American Institute of Fishery Research Biologists.
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Outstanding Faculty Award-University of Idaho.

1995 

Award of Excellence-Idaho Chapter American Fisheries Society.
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Outstanding Research Award.  College of Forestry, Wildlife, and Range Sciences, University of Idaho.
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Best Paper Award (3rd place)- Western Division of the American Fisheries Society.

1993 & 1999 – 
Alumni Award for Excellence – Selected Faculty Member.

2002 – 

Outstanding Advisor Award College of Natural Resources, University of Idaho.

2003 – 

Life-time Achievement Award-Idaho Chapter, American Fisheries Society.

Selected Refereed Publications:

Bennett, D.H., E.L. Hampton, and R.T. Lackey.  1978.  Current and future state fisheries management objectives:  Implications for future management.  Fisheries, Bulletin of the American Fisheries Society 3(1): 10-14.

Wydoski, R.W., and D.H. Bennett.  1981.  Forage species in lakes and reservoirs of the western United States.  Transactions of the American Fisheries Society 110: 764-771.

Garrett, J.W., and D.H. Bennett.  1995.  Seasonal movements of brown trout relative to temperature in a coolwater reservoir.  North American Journal of Fisheries Management 15(2): 480-487.

Bennett, D.H.  1997.  Food abundance linked to survival of downstream migrating fish.  Hydro-Review 16 (7): 87-88.

Bennett, D.H.  1999.  So many predatory resident fishes–What needs to be done?  In ODFW and NMFS.  1999.  Management Implications of Co-occurring Native and Introduced Fishes.  Proceedings of the Workshop.  October 27-28, 1998, Portland, Oregon.

Karchesky, C.M., and D.H. Bennett.  1999.  Dietary overlap between resident fishes and juvenile salmonids in Lower Granite Reservoir, Idaho-Washington.  In ODFW and NMFS.  1999.  Management Implications of Co-occurring Native and Introduced Fishes.  Proceedings of the Workshop.  October 27-28, 1998, Portland, Oregon.

Clarke, L.R., D.T. Vidergar, and D.H. Bennett.  2005.  Stable isotopes and gut content show diet overlap among native and introduced piscivores in a large oligotrophic lake.  Ecology of Freshwater Fish 14: 267-277.

Selected Reports and Symposium Series:

Bennett, D.H., and P.F. Hassemer.  1984.  Examination of the spawning ecology and early life history of kokanee (Oncorhynchus nerka) in Coeur d' Alene Lake.  Completion Report.  The Washington Water Power Company.  48 pp.

Bennett, D.H., and D.R. Hatch.  1991.  Factors limiting the fish community in Long Lake, Spokane County, Washington.  Completed Report.  Washington Water Power Co.  72 pp.

Bennett, D.H.  1991.  Potential for predator increase associated with a three foot pool rise in Rocky Reach Reservoir, Columbia River, Washington.  Final Report.  Public Utility District No. 1 of Chelan County, Wenatchee, WA.

Bennett, D.H., and G.W. Garrett.  1994.  Abundance and habitat use of Box Canyon Reservoir, Pend Oreille River, Washington and tributaries by trout with emphasis on brown trout.  Completion Report 1992-1993.  Department of Fish and Wildlife, University of Idaho, Moscow.

Bennett, D.H., M.H. Karr, and M.A. Madsen.  1994.  Thermal and velocity characteristics in the Lower Snake River reservoir, Washington, as a result of regulated upstream water releases.  Completion Report (Draft).  U.S. Army Corps of Engineers, Walla Walla, Washington.

Bennett, D.H., and J.L. Dunnigan.  1995.  Spatial distribution of westslope cutthroat trout within the Coeur d' Alene River basin.  Annual Progress Report.  US Forest Service, Intermountain Research Station, Boise, Idaho.

Bennett, D.H., G.K. Landua, and K.P. Reese.  1995.  Fish and wildlife management options for the Box Canyon Reservoir, Washington.  Prepared for Pend Oreille Public Utility District, Newport, Washington.

Bennett, D.H., and G.P. Naughton.  1998.  Predator abundance and salmonid prey consumption in Lower Granite Reservoir and tailrace.  Draft Completion Report.  U.S. Army Corps of Engineers, Walla Walla, Washington.  Project 14-45-0009-1579.

Bennett, D.H., T. Dresser, Jr., and M.A. Madsen.  1998.  Habitat use, abundance, timing, and factors related to the abundance of subyearling chinook salmon rearing along the shorelines of Lower Snake River reservoirs.  Completion Report.  Projects, 14-16-0009-1559, 14-16-0009-1579, 14-16-0009-1579, #98210-3-4037).  US Army Corps of Engineers, Walla Walla, Washington.

Bennett, D.H., and G.P. Naughton.  1999.  Predator abundance and salmonid prey consumption in Lower Granite Reservoir and tailrace.  Completion Report.  U.S. Army Corps of Engineers, Walla Walla, Washington.  Project 14-45-0009-1579.

Bennett, D.H., and Normandeau Associates.  1999.  Sport fishery use and value on Lower Snake River reservoirs: Phase II Report.  Free-flowing River sport fishery during 1997-1998.  Completion Report.  US Army Corps of Engineers, Walla Walla, Washington.  Contract No. DACW68-96-D-003.

Bennett, D.H., M.A. Madsen, S.M. Anglea, T. Cichosz, T. Dresser, Jr., M. Davis, and S.R. Chipps.  1999.  Fish interactions in Lower Granite Reservoir.  Completion Report.  Projects, 14-16-0009-1559 w/o 32, 14-16-0009-1579 w/o 21.  US Army Corps of Engineers, Walla Walla, Washington.

Normandeau Associates, D.H. Bennett, and C. Peery.  2003.  Biological effects of Snake River thermal regimes on endangered species in the lower Snake River.  Completion Report.  US Army Corps of Engineers.  Walla Walla, Washington.

Editorial Services:
Manuscripts:

Transactions of the American Fisheries Society.

North American Journal of Fisheries Management.

Chesapeake Science.

Progressive Fish Culturist.

Book – Fishes of the Great Basin (Sunfish Chapter).

Editorial Review Committee for Thermal Ecology.

Fisheries, Bulletin of the American Fisheries Society.

Proceedings of the Symposium on Reservoir Fisheries Management.

Thermal Ecology II – A Symposium, Atomic Energy Commission.

Energy and Environmental Stress in Aquatic Systems - A Symposium, Department of Energy.

Fishery Bulletin

Copeia. 

Canadian Journal of Fisheries and Aquatic Sciences.

American Fisheries Society.  Proceedings on Behavioral Technologies. 

Northwest Science

Environmental Science and Technology

Books:
Recreational Fisheries – Bill Sigler

Fishes of Utah – W. Sigler and J. Sigler

Fishes of Washington – R. Wydoski

Salmon 2100 – R. Lackey (Editor)

Proposals:
U.S. Geological Survey

Savannah River Ecology Laboratory

Louisiana Board of Regents

Idaho State Board of Education

CALFED–California Bay–Delta Association

Sea Grant

Teaching:
Graduate Students Mentored: 54 (52 to Completion) – 4 Ph.D., 50 MS

Selected Courses Developed and Taught:

Fish 418:
Fisheries Management, 4 credits, 1976 –81.
Fish 419:
Warmwater Fish Ecology, 2 credits, 1976–80.
Fish 495:
Fish and Wildlife Seminar, 1 credit, 1978–Present.
Fish 501:
Nonparametric Statistics, 2 credits, 1978.
Fish 413/314
Fish Ecology, 3 credits, 1981–May 2002.
Fish 418:
Fisheries Management Techniques, 3 credits, 1982–94.
Fish 419:
Principles of Fisheries Management, 3 credits, 1983–94.
Fish 102:
Introduction to the Fisheries Profession, 1 credit, 1982–88; 90; 97–2002.

Wlf 390:

Fish and Wildlife Ecology, Fisheries Section.  1984–89.

Selected Guest Lectures:

FWR 370/270: 
Forest Management
WLD 448: 
Fish and Wildlife Ecology
FWR 462: 
Watershed Management
FSH 411:
Ichthyology
FOR 504:
Special Topics in Watershed Management


Service to Professional Societies:


Associate Editor–North American Journal of Fisheries Management.


Numerous Offices–National, Division, Chapter and Education Section.


Chairman, Professional Standards Committee, 1988.


Chairman, Professional Certification.

________________________________________________________________________

Steven L. Schroder

EDUCATION

Ph.D. Fisheries Science.  University of Washington

M.S. Fisheries Science.  University of Washington

B.S. Fisheries Science.  University of Washington
RECENT PREVIOUS EMPLOYMENT

1990-Present Fisheries Research Scientist II, Washington Department of Fisheries and 

Wildlife.
CURRENT RESPONSIBILITIES – Leader of the Ecological Investigations Unit in the Science Division, Fish Program, Washington Department of Fish & Wildlife.  The Ecological Investigations Unit possesses five subgroups.  One of these is WDFW’s Otolith Laboratory which is responsible for thermally marking up to 50 million embryonic salmonids per year, examining otoliths for thermal marks, using micro-chemistry signals in otoliths to decipher natural life history events, and inducing and decoding strontium marks in salmonids and marine fishes.  A Fish Aging subgroup produces all the age estimates for salmonids, marine, and freshwater fishes for WDFW.  A third group investigates how to carry out selective fisheries on salmonids by evaluating the effects of various types of capture gear on the survival and reproductive success of salmonids.  The fourth group, referred to as the Large Lakes Research Team, examines limiting factors and productivity of fishes in lakes throughout the state, while the fifth group is involved with the recovery of depressed or listed salmon stocks, investigates the effects of hatchery culture (e.g. domestication) and also evaluates the reproductive success of wild and hatchery origin salmonids.
EXPERTISE – Over 35 years of fisheries research that has ranged from evaluating the effects of biological and environmental factors on the survival and productivity of salmonid populations to inventing, testing, and using new marking methods (thermal marking and strontium marking) on salmonids and other fishes.  Specific areas of interest are: reproductive ecology of salmonid fishes, gamete quality assessments of hatchery and wild salmonids, evaluating alternative salmonid fish cultural methods (incubation methods, feeding regimes, release strategies, modifications to rearing areas), developing and testing fish marking tools, examining juvenile salmon ecology in freshwater and estuarine areas, and recovery of depressed or ESA listed salmonids via habitat alterations and fish cultural methods.  Has co-authored over 40 peer-reviewed journal articles, book chapters, and technical reports.

SELECTED PUBLICATIONS

Berejikian, B.A., E.P. Tezak, L. Park, E. LaHood, S.L. Schroder, and E. Beall.  2001. Male competition and breeding success in captively reared and wild coho salmon (Oncorhynchus kisutch).  Can. J. Fish. Aquat. Sci. 58: 804-810.

Berejikian, B.A., E.P. Tezak, and S.L. Schroder.  2001. Reproductive behavior and breeding success of captively reared chinook salmon.  North American Journal of Fisheries Management 21: 255-260.

Fresh, K.L., S.L. Schroder, and M.I. Carr.  2003. Predation by northern pikeminnow on hatchery and wild coho salmon smolts in the Chehalis River, Washington.  North American Journal of Fisheries Management 23: 1257 – 1264.

Schroder, S.L., C.M. Knudsen, E.C. Volk.  1995.  Marking salmon fry with strontium chloride solutions.  Can. J. Fish. Aquat. Sci. 52: 1141-1149.

Schroder, S.L., E.C. Volk, C.M. Knudsen, and J.J. Grimm.  1996. Marking embryonic and newly emerged salmonids by thermal events and rapid immersion in alkaline-earth salts.  Bull. Natl. Res. Inst. Aquacult., Supple. 2: 79-83.

Volk, E.C., A. Blakley, and S.L. Schroder.  2000. Otolith chemistry reflects migratory characteristics of pacific salmonids: Using otolith core chemistry to distinguish maternal associations with sea and fresh waters.  Proceedings of the second international symposium on otolith research and application, Bergen, Norway, June 1998.  Fisheries Research 46: 251-266.

Volk, E.C., S.L. Schroder, and J.J. Grimm.  2005. Otolith thermal marking.  Pages 447-463 In S.X. Cardin, K.D. Friedland, and J.R. Waldman (ed.s) Stock Identification Methods, Elsevier Press.
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