Bonneville Power Administration

FY 2001 Innovative Project Proposal Review

PART 2 of 2. Narrative

Title
: Influences of stocking salmon carcass analogs on salmonids in Columbia River tributaries

Section 3. Project description

a. Abstract

The benefits that marine derived nutrients from adult salmon carcasses provide to juvenile salmonids are increasingly being recognized.  Current estimates suggest that only 6-7% of marine-derived nitrogen and phosphorous that were historically available to salmonids in the Pacific Northwest are currently available.  Food limitation may be a major constraint limiting the restoration of salmonids.  A variety of methods have been proposed to offset this nutrient deficit including: allowing greater salmon spawning escapement, stocking hatchery salmon carcasses, and stocking inorganic nutrients.  Unfortunately, each of these methods has some ecological or socio-economic shortcoming.  We intend to overcome many of these shortcomings by making a pathogen free product that simulates a salmon carcass (analog).  Abundant sources of marine derived nutrients are available such as fish offal from commercial fishing and salmon carcasses from hatcheries.  However, a method for recycling these nutrients into a pathogen free analog that degrades at a similar rate as a natural salmon carcass has never been developed.  We propose to 1) develop a salmon carcass analog that will increase the food available to salmonids, 2) determine the pathways that salmonids use to acquire food from analogs, and 3) determine the benefits to salmonids and the potential for application to salmonid restoration.  We intend to use a before-after-control-impact-paired design in six tributaries of each of the upper Yakima basin, Klickitat basin, and Salmon River basin to determine the utility of stocking carcass analogs.  All of these basins have chronically low numbers of naturally produced anadromous salmonids and there are many indications that low food abundance is a factor limiting growth.

b. Technical and/or scientific background

Salmonid populations that rear in tributaries of the Columbia River appear to have relatively low food availability which may be contributing to reduced growth and survival and ultimately hindering restoration efforts.  Historically, large numbers of salmon returned to natal rivers to spawn (Gresh et al. 2000).  These salmon contributed huge amounts of nutrients to aquatic ecosystems via their carcasses and eggs (Larkin and Slaney 1997; Gresh et al. 2000).  Gresh et al. (2000) estimated that only 6-7% of the marine-derived nitrogen and phosphorous historically delivered to rivers of the Pacific Northwest is currently reaching those streams. Salmon eggs and carcasses are eaten by invertebrates and fish and the nutrients released by the decomposing carcasses can facilitate increased plant and microbial production that subsequently increases invertebrate production resulting in increased food availability for fish (Bilby et al. 1996).  Unfortunately, the numbers of adult salmon that spawn in streams has been severely reduced (Nehlsen et al. 1991).  Undoubtedly this has caused a reduction in the availability of food for young salmon and trout.  For example, average stomach fullness of salmon and trout in the Yakima basin rarely exceeded 30% during the summer and fall of 1998 and 1999 when densities of salmon were very low (James et al. 1999, Pearsons, unpublished data).  When the availability of food (freeze dried krill) was experimentally increased in the Yakima and John Day basins, salmonids readily increased their feeding activity until satiated (Pearsons, unpublished data). In addition to a reduction in the amount of marine derived nutrients, the capacity of stream systems to retain nutrients has also been diminished because of reduction in stream complexity and increases in peak flows (Pearsons et al. 1992).  Recently, carcasses from hatchery salmon have been released into streams in an attempt to replace lost marine derived nutrients and associated productivity.

Stream fishes with access to salmon carcasses and eggs generally grow faster than fishes at locations without this material.  Artificially increasing availability of salmon carcass flesh and eggs by adding carcasses of hatchery coho salmon to a small stream in southwestern Washington doubled the growth rate of juvenile coho salmon at this site relative to a nearby stream reach with low availability of carcasses  (Bilby et al. 1998).  Rapid increases in the proportion of carcass-derived N (as indicated by nitrogen stable isotope values) in the muscle tissue of the juvenile fish at the treated site and the abundance of eggs and flesh in their stomachs clearly indicated that the material derived from the carcasses was responsible for the accelerated growth rate.  The fish residing at the site to which carcasses had been added contained nearly 20 times the amount of material in their stomachs than did fish collected on the same date from an area without carcasses; 60% to 95% of it salmon eggs and flesh.  Spawning salmon also have been shown to elevate growth rates of fish in Alaskan streams.  In the Wood River watershed in southwest Alaska, char and trout grew very rapidly while carcasses of sockeye salmon were present (Eastman 1996).  The body weight of one tagged char increased 58% in 36 days.

Increases in the body size of juvenile salmonids can significantly increase their survival.  Larger body size has been positively correlated with overwinter survival of juvenile coho salmon (Hartmann and Scrivner 1990; Quinn and Peterson 1996).  Larger smolts enjoy a considerable advantage in survival once entering the marine environment (Bilton et al. 1982; Ward and Slaney 1988; Holtby et al. 1990; Tipping 1997).  The effect of salmon carcass abundance on survival is illustrated in the Skagit River, Washington, where the survival rate from fry to adult for coho salmon is positively related to the abundance of pink salmon spawning while the coho parr are rearing in the river (Michael 1995).  The number of coho salmon recruits-per-spawner is about 1 during years of low availability of pink salmon carcasses but increases to over 3 during years of high carcass availability.  Stocking hatchery salmon carcasses has great potential to restore wild salmonid populations, however the strategy is not without risk.
Potential ecological risks of stocking hatchery carcasses include, pathogen transfer, overabundance  of nutrients, and increased  predation.  Stocking carcasses that have pathogens may increase the susceptibility of salmonids to a variety of diseases.  Concerns about disease transmission have led Oregon and Washington to institute prohibitions on the transfer of carcasses out of the watershed of origin.  As a result, there are many nutrient poor systems where placement of carcasses is not an option due to the absence of an approved source. The addition of salmon carcasses to mitigate for low nutrient levels is further limited by low carcass availability even in many watersheds with hatcheries.  There often are not enough carcasses from hatcheries to produce nutrients comparable to what salmon historically contributed (Gresh et al. 2000).  

Additional concerns have been raised by the practice of adding hatchery carcasses to streams.  Stocking too many carcasses into an area may result in excessive nutrient supplies that could contribute to high levels of algae growth and cause poor water quality, such as low dissolved oxygen, or cause boom and bust food availability which may negatively impact salmonid populations. However, this problem has never been observed with any of the carcass release experiments conducted to date (Bilby et al. 1998).  Finally, carcasses may attract piscivorous predators that may feed on juvenile salmon or resident trout once the supply of carcasses has been depleted.

There are some alternative approaches to stocking hatchery carcasses, which may have lower ecological risks and more broad scale application (i.e., not enough hatchery carcasses to meet the need).  One method that has been used widely in British Columbia is the addition of inorganic nutrients during the spring and fall (Johnston et al. 1990; Ashley and Slaney 1997).  The nutrients stimulate algae growth, increase invertebrate production and elevate food availability for the fish.  However, this method does not directly provide a food source during the fall (e.g., fish flesh), for fish or wildlife, as spawning salmon do (Bilby et al. 1998).  Another possible option is to stock pathogen free carcass analogs.  The advantages of using carcass analogs, as opposed to hatchery salmon carcasses or commercial fertilizers, are 1) mimic natural pathways of food production, 2) pathogen free so they can be stocked in any suitable water, 3) abundance is potentially very large and independent of salmon runs, 4) easy to store, carry and distribute, 5) contains rare earth elements that may be important for salmonid survival, and 6) recycle nutrients from fish byproducts that would ordinarily be treated as waste.  Analogs could be produced from unused fish parts from commercial fisheries and may provide the same nutrient and food benefits as salmon carcasses.  The stocking of analogs could still produce excess nutrients if too many are placed at a location or increase the abundance of piscivorous predators at a placement site. However, the risk of disease should be eliminated.  We propose to study the benefits and risks of stocking salmon carcass analogs into a variety of Columbia River tributaries containing resident and anadromous trout and salmon in order to determine if the wide scale use of carcass analogs represents a useful fisheries enhancement tool.  More specifically, we intend to test whether salmonid growth and abundance, and fish community composition and biomass differ among areas with and without carcass analogs.  We also will collect information on the pathways and processes by which the stream biota utilize analog material.

c. Rationale and significance to Regional Programs

The proposed project is consistent with regional management objectives and to the goals and objectives of the 1994 Fish and Wildlife Program, NMFS Biological Opinion and the concept of restoring normative ecological processes espoused by the ISRP.  The goal of this project is to improve freshwater habitat condition by increasing food availability for salmon through natural trophic pathways.  The NMFS Cumulative Risk Initiative has identified salmon survival during freshwater rearing to be a key factor in determining the overall productivity for most salmon and steelhead ESUs in the Columbia Basin (CRI 2000).  This project evaluates a habitat enhancement technique that has the potential to substantially increase survival during this life history stage. The objectives of this study are consistent with all agencies and tribe’s goals to restore salmonid populations, as well as increase productivity for the support of harvest.

The Northwest Power Planning Council Columbia River Fish and Wildlife Program (FWP) states in section 4.1A.1 Salmon and Steelhead rebuilding principles that ‘priority should be given to activities that aim to rebuild weak upriver populations, including populations listed under the ESA." Furthermore, section 4.1A.5 states that same priority should be given to test important hypotheses and should be designed as experiments so that results fill in understanding of region’s salmon knowledge.  This proposal application has the potential to directly rebuild weak upriver stocks during its initial implementation.  Its experimental design evaluates the utility of fertilization to rebuild those weak stocks. This research is designed to reduce scientific uncertainty and increase knowledge as specified in section 4.2A Guiding principals for the Columbia River Basin salmon and steelhead research program. Key issues surrounding the role of returning salmon and associated allochthonous input and their relation to smolt production in the natal streams will be clarified.  

This proposal supports many of the goals outlined in Section 7 Coordinated salmon production and habitat of the FWP.  Stream fertilization will support section 7.6A by improving the productivity of chinook and steelhead rearing habitat resulting in greater survival and emigration to the ocean.  It will also support the biological needs of other fish species, a designated goal of section 7, including bulltrout (Salvelinus confluentus) and westslope cutthroat (Oncorhynchus clarki lewisi). Fertilization will further achieve goals of section 7.6B.3 by enhancing areas with weak populations that are located in low productivity habitat. Another goal of section 7 is to maintain and increase the productivity of wild and naturally spawning populations.  This proposal is intended to increase carrying capacity and enhance the survivorship of wild juvenile chinook salmon.  

This research will further support goals set forth by the National Marine Fisheries Service Proposed Recovery Plan for Snake River Salmon.  Chapter V, Section 1.3 goal is to rebuild listed salmon populations by restoring habitat.  Ecological Goal 5 in the NMFS Recovery Plan include the maintenance and restoration of water quality. This proposal will address both goals through direct restoration of in stream productivity to historic levels found prior to the process of oligitrophication due to reduced input of marine derived nutrients from returning salmon.  Section 1.3.a. recommends fertilization of Sawtooth Valley Lakes to improve sockeye production. This recommendation is based on results of established fertilization methods and experiments conducted on those lakes.  This proposal is based on a similar documented relationship between fertilization and a strong response in fish production.  Stream fertilization will further support the goal of watershed-scale approach to protect and enhance refugia Chapter V, section 1.  Some of the streams selected in this proposal are relatively undisturbed and continue to support wild chinook salmon populations.  This proposal will enhance habitat conditions preserving the productive nature of these refugia. 

d. Relationships to other projects 

This project will be complementary or be enhanced by other projects in the basin.  For example, supplementation, reintroduction, and habitat restoration are being used in the Yakima basin to increase the natural production of depressed stocks or restore a species that was extirpated.  The co-managed project is called the Yakima Klickitat Fisheries Project (YKFP).  The goal of the YKFP and the currently proposed project are consistent, but they use different methods to attain the goal.  A strong monitoring component is part of the YKFP and the data that has been collected in the past will be very beneficial to the currently proposed experiment.  Many accept the idea that hatchery supplementation will not increase the number of fish above the carrying capacity of the basin unless the capacity of the environment increases concurrently.  Increasing the food availability to salmonids, by stocking carcass analogs, may increase the capacity of the environment and decrease the time it takes for supplementation objectives to be achieved. 

The sites selected for this study in the Salmon River sub-basin in Idaho have been the sites of ongoing PIT tagging studies (S. Achord, NMFS, NWFSC). Fish sampling will be conducted in conjunction with and under the permit of this ongoing work. The NMFS project provides extensive fisheries background data on the streams selected in the Snake River Basin.  This background data will allow additional carcass analog treatment evaluations. Historic length, weight, and abundance data will be compared to replicate data generated during the carcass analog evaluation.  At these sites the two projects will coordinate to evaluate survival from midsummer (time at which the tagging is conducted) through smolt emigration.  In addition, the Idaho Department of Fish and Game operates a screw trap on Marsh Creek, which will provide parr over winter survival estimates and length and weight data.

Furthermore, this project builds on stable isotope research that was conducted in 1999 by Bob Bilby (NMFS). The work conducted in 1999 provides background data that will be used to evaluate the pathway of nutrient uptake, which will show whether algae, invertebrates, and salmon smolt and parr are incorporating nutrients from carcass analogs.

e. Proposal objectives, tasks and methods

Objectives
 

The ultimate goal of this project is to develop a practical, inexpensive method to restore listed and depressed salmonid populations and ultimately increase harvest opportunity.  The main assumption associated with the achievement of this goal is that food is a major factor limiting salmonid growth and survival.  An experimental approach will be taken in a variety of Columbia basin tributaries.  Positive results from this experiment will indicate its utility throughout the Columbia basin.  Field work would begin in summer 2001 and conclude in fall 2002.

Objective 1.  Restore food availability to streams with reduced anadromous salmon returns

Objective 2.  Mimic the natural pathways and timing of food acquisition by salmonids 

Objective 3.  Minimize unintended negative ecological effects

Objective 4.  Increase the growth and survival of salmonids

Results from this work will be published in a peer-reviewed scientific journal.  Publication in a peer-reviewed journal serves two purposes.  First, the research will get a rigorous review.  Second, publication in a journal provides the maximum long-term accessibility of the research.


Tasks and Methods
 


Before individual tasks are described, it is worthwhile to describe the overall design and philosophy of the proposed work.  After the carcass analogs are developed, they will be distributed into 1 km long stream reaches in tributaries of the Yakima, Klickitat, and Salmon river basins.  Response variables in treatment reaches will be compared to the same variables in control or reference sites (reference hereafter).  Three types of reference sites will be available for comparison, 1) adjacent upstream sites without analogs, 2) control streams where no analogs are stocked, and 3) sites that were measured in previous years (baseline data).  Sampling will occur during four critical periods 1) before analogs are stocked, 2) 2 weeks after analogs are stocked (50% carcass analog degradation), 3) 4 weeks after analogs are stocked (90% carcass analog degradation, and the last reliable time to be able to collect fish in high elevation east-side streams), and 4) 1 year after analogs are stocked.  Stable isotopes, stomach contents, fish size, prey, periphyton, water quality and predators will be sampled during all 4 sampling periods (tasks 2.a, 2.b, 3.a, 3.b).  The biomass, abundance, growth and condition of salmonids will be measured before the analogs are introduced and 1 year after analog addition (task 4.a).  Additional sampling during the winter and spring will not be conducted because of limited access (snow) and the difficulty in capturing fish in cold or high water.  Periphyton and invertebrate abundance will only be measured in Salmon River tributaries to keep the budget within an acceptable level.


All of the stocking will occur in areas with few or no naturally occurring salmon carcasses to control for differential spawning escapement in different streams and stream sections.  This means that most of the study streams will be in areas above partial or complete human made barriers and that the primary salmonid of interest will be resident trout.  The exception to this is the Salmon River Sub-basin where some chinook salmon are in the study area.  Resident trout are a good representative of potential salmonid production because they do not move as much as salmon, are more abundant, and they eat similar prey items as juvenile salmon (James et al. 1999).  We assume that increased trout productivity will indicate the potential for increased salmon production in areas that are suitable for salmon migration and rearing.

List of Tasks

Task 1.a  Develop a pathogen free salmon carcass analog from marine fish wastes

Task 1.b  Distribute carcass analogs into treatment reaches of tributaries in the Yakima, Klickitat, and Salmon river basins

Task 2.a  Evaluate the stable isotope ratios of salmonids, invertebrates, and periphyton, and evaluate stomach contents of salmonids in areas with and without carcass analogs

Task 2.b.  Evaluate abundance of prey and periphyton in areas with and without carcass analogs

Task 3.a.  Evaluate abundance of predators and pathogens in areas with and without carcass analogs

Task 3.b.  Evaluate water quality in areas with and without carcass analogs

Task 4.a  Evaluate the biomass, abundance, growth and condition of salmonids in areas with and without carcass analogs and determine relative abundance and biomass of associated species

Task 1.a  Develop a pathogen free salmon carcass analog from marine fish wastes

Bio-Oregon plans to produce approximately 6,000 pounds of salmon carcass analogs to meet the annual needs of this study.  These will be made primarily from fishmeal produced from fall chinook salmon carcasses from Spring Creek National Fish Hatchery, Underwood, Washington.

The fresh, raw carcasses are coarsely ground and dried to a meal using swept surface, steam-tube dryers.  The inside dryer surface temperature is 250 oF (121 oC).  The drying process, with steam on, takes about twelve hours.  The mass of ground carcasses reaches 185-200 oF (85-93 oC) in about two hours.  This temperature persists for about nine hours or until the drying material reaches a moisture of about 20%.  At that time the temperature begins to climb, approaching 212 oF (100 oC) as the moisture level nears 10%.  Then the steam is turned off but the sweeping mechanism continues to mix the meal until it cools to ambient air temperatures.  At that time the meal is removed for storage. The meal is ground to a uniform particle size prior to manufacturing the salmon carcass analogs.  

The cooking/drying conditions (times/temperatures) described above easily exceed those of the standard pasteurization conditions that have been employed by Bio-Oregon for the last 40 years to pasteurize fish digest (cooked, enzyme digested offal).  During the period prior to 1960, raw carcasses and viscera of adult salmon included in the diet of juveniles were responsible for the complete transmission of bacterial kidney disease (Wood and Wallis, 1955) and mycobacteriosis (Ross et al., 1959; Wood and Ordal, 1958).   When this practice was discontinued and pasteurized salmon parts were used in fish feed, the incidence and severity of bacterial kidney disease was reduced and mycobacteriosis was apparently eradicated from fish reared in Pacific Northwest hatcheries (Fryer and Sanders, 1981).  

The pasteurized fish digest is a major protein/lipid ingredient in the fish feeds Bio-Oregon manufactures for public resource hatcheries in the Pacific Northwest.  The pasteurization specifications for fish digest are set at higher standards than what is used in the dairy industry due to its slightly higher level of solids.  The most comparable dairy product to the fish digest in relation to the level of solids is the ice cream mix.  Both products are pasteurized by batch methods using low temperature long hold pasteurization techniques (Campbell and Marshall, 1975).  The ice cream mix is held at 68.3 oC for 30 minutes, whereas the fish offal is held at 65 oC for 15 minutes and 82 oC for 5 minutes.  

Moffitt-Westover (1987) studied the bacterial flora in the Oregon Moist Pellet manufactured by Bio-Oregon.  This included an examination of the pasteurized fish offal digest before and after modifications (improvements) were made in the pasteurization process.  She stated that the pasteurization specifications for the fish offal digest are sufficient for the destruction of pathogenic organisms (Moffitt-Westover, 1987).  She tested the pasteurized fish digest for the presence of eight fish and nine human bacterial pathogens after process improvements were made.   The fish digest was not examined for viral pathogens or Myxosporidia, specifically Myxobolus cerebralis. The fish pathogens included Aeromonas hydrophila, A. salmonicida, Mycobacteria, Pseudomonas, Renibacterium salmoninarum, Vibrio anguillarum, Yersinia ruckeri, and Streptococcus Group B.  None of these organisms were found.  Mycobacteria, Pseudomonas, and Streptococcus Group B are also human pathogens.  The additional human pathogens included Clostridium perfringens, Salmonella, Shigella, Staphylococcus aureus, Streptococcus Group A, and Yersinia enterocolitica.  Only C. perfringens was found.  This is not surprising since this bacterium is widely distributed in nature and forms heat resistant spores.  Therefore, if the salmon carcass analog contained some spores they would not cause significant additional exposure.  Also, there are significant hurdles to the germination and growth of C. perfringens.  This organism is a strict anaerobe and can not tolerate the level of dissolved oxygen in freshwater streams.  The analog and stream lack the kind of nutrients needed for C. perfringens to germinate and grow, and the water temperature (3-10 oC) is much colder than 37-40 oC, the optimum for C. perfringens. 

The Washington Department of Fish and Wildlife, Fish Health Laboratory, recently screened fishmeal that Bio-Oregon produced from Spring Creek National Fish Hatchery fall chinook carcasses for viral and bacterial fish pathogens (Thomas, personal communication, 2000).  The viral pathogens infectious hematopoietic necrosis virus (IHN), infectious pancreatic necrosis virus (IPN), and viral hemorrhagic septicemia virus (VHS) were not detected.  Bacteria were only isolated in the lowest dilutions of the sample and no Flavobacterium pyschrophilium, Flexibacter columnaris, Aeromonas salmonicida, Yersinia rucheri, or Vibrio sp. were detected.  

Precise quantitative experiments will be conducted to demonstrate that pathogens are completely inactivated during the cooking/drying process to make salmon meal.  A sample of raw ground salmon carcass will be seeded with five fish pathogens.  These include Aeromonas salmonicida, Renibacterium salmoninarum, IHN, IPN, and Myxobolus cerebralis.  The inoculated salmon carcass material will then be processed to experience the same temperature profile that was described above for the production of salmon meal.  Pre- and post-process samples of inoculated salmon carcass material will be examined to determine if viable representatives of the above five pathogens exist.  The Washington Animal Diagnostic Laboratory, Washington State University, under the direction of Dr. Tom Baldwin will perform this examination.  In addition, this laboratory will examine the fall chinook salmon meal used to make the analogs to determine if it contains fish pathogens.  The need for 6,000 pounds of salmon meal will require the production of six to eight dryer batches.  The meal produced from each batch will be tested for the presence of fish pathogens.  These include viral, bacterial, and M. cerebralis. 

Standard briquetting or compaction technology will be used to produce the analogs.  The salmon meal will be formed in a mold using between 15,0000-30,000psi of pressure.  We have already determined that ground salmon meal is an excellent binder.  However, further research is needed to find an appropriate additive that will control the rate the analog dissolves in water.  We would like the analog to dissolve at the same rate that a salmon carcass would decompose at the expected mean water temperature, i.e., about 3% per day at 6.4 oC.  The exact size and shape of the analog are yet to be determined.  However, the analog components will probably be about the volume of a charcoal briquette.  Multiple briquettes might be combined (e.g., within a biodegradable, semi-permeable bag) to form a single analog.

Task 1.b  Distribute carcass analogs into treatment reaches of tributaries in the Yakima, Klickitat, and Salmon river basins

Salmon carcass analogs will be stocked into 4 tributaries from three Columbia River sub-basins, for a total of 12 tributaries.  Stocking will occur in mid September 2001 to correspond with natural spawn timing.  In each sub-basin, four tributaries will be treatment streams and two will be controls.  Treatments will consist of stocking carcass analogs in a 1-km long stream section of each treated tributary.  Analogs will be spaced 5 m apart throughout the 1-km treatment for a total of 200/tributary.  A reference section will be established on each treated tributary upstream from the treated section. Control streams will not have analogs stocked into them.  This design provides three references against which to compare the responses at the treated sites (e.g., upstream reference, control stream, and baseline references).  Both the control tributaries and the reference sections of the treated tributaries will be comparable in physical and biological characteristics to the treated sections.  Fish population and invertebrate data has been collected at many of the study sites since the early to mid 1990s, providing important baseline information.  Sampling associated with this study will begin at all sites prior to carcass analog placement. 

Yakima Basin

Carcass analogs will be transported and distributed into four tributaries of the upper Yakima River during the Fall of 2001 and two tributaries will be controls.  Four of these tributaries (Wilson, Naneum, Coleman, and Cooke) drain the Colockum Mountain range and enter the Yakima River near the town of Ellensburg.  Historically these tributaries probably contained spawning steelhead and coho salmon, but presently support only resident fishes.  The other two streams (West Fork and Middle Fork Teanaway River) flow into the Teanaway River from the Northwest and the Teanaway River enters the Yakima River near Cle Elum.  Analogs will be used to mimic benefits provided by the coho and chinook salmon that historically spawned in these streams.  Steelhead also are found in these streams but most migrate downstream after spawning and thus do not contribute carcass material at the study sites.  Fish assemblages in these tributary streams are presently dominated by trout (e.g., rainbow trout, cutthroat trout, brook trout) and sculpins.  Assemblage composition and biomass, trout density, and size at age information has been collected in Cooke Creek during 1995 and 1996, in Coleman Creek during 1995, in Wilson Creek during 1997-2000, and in the West and Middle forks of the Teanaway River from 1990-2000.  Work in Cooke Creek indicated that trout size was strongly related to elevation.

To determine the benefits of stocking analogs in these creeks, four streams will have analogs put into them (Cooke, Coleman, Naneum, and West Fork Teanway).  Wilson Creek and the Middle Fork Teanaway River will not have any analogs stocked into them and will serve as controls.  In each treatment stream a 1-km reach will be stocked with analogs.  Treatment sites will receive 20 analogs/100 m (1 analog every 5 m for a total of 200 analogs/tributary).  A total of 800 analogs will be stocked into all four streams.  As analogs are made primarily from salmon carcasses obtained from hatcheries, they will contain approximately the same nutrient content as salmon carcasses.  Each analog contains dry-weight biomass approximately equivalent to an adult salmon as well.  

Klickitat Basin

Carcass analogs will be transported and distributed into four treatment tributaries of the upper Klickitat River during the fall of 2001 and two tributaries will be used as controls.  All six tributaries are east bank tributaries entering the Klickitat River between rkm 60 and 120.  These tributaries contain limited spawning steelhead in the lower reaches.  All treatment and control reaches would be located above the upper limit of anadromous use to allow for repeatability among years.  Presently the treatment and control reaches contain primarily resident rainbow trout and brook trout.  No chinook or coho salmon carcasses would be found in these tributaries.  These tributaries were chosen as surrogates for the mainstem Klickitat River above Castile Falls.  The annual release of 150,000 Klickitat Hatchery spring chinook fry onto the Klickitat River mainstem above Castile Falls (102 rkm) precludes using this river reach for this study.  The Klickitat River above Castile Falls is the focus of future Yakima Klickitat Fisheries Project (YKFP) supplementation and passage enhancement activities.  Growth and condition factor information obtained from this study will be used to refine future production estimates for supplementation stocks above Castile Falls. 

Analogs will be used to mimic benefits provided by the chinook salmon that historically spawned in the upper Klickitat River.  Steelhead also are found in this portion of the Klickitat River but most migrate downstream after spawning and thus do not contribute carcass material at the study sites.  Fish assemblages in these tributary streams are presently dominated by trout (e.g., rainbow trout and brook trout) and sculpins.  Trout density, and size at age information has been collected in Summit Creek during 1996 and 1997, in White Creek during 1990 and 1997, in Trout Creek during 1990, 1996 and 2000, in Bear Creek 1997 and in Surveyors Creek 1990, 1996, and 2000, and in Piscoe Creek in 1990.

To determine the benefits of stocking analogs in these creeks, four streams will function as treatment streams and have analogs put into them (Summit, White, Trout, and Piscoe) and two will function as control streams (Bear and Surveyors).  In each treatment stream a 1-km reach will be stocked with analogs.  Treatment sites will receive 20 analogs/100 m (1 analog every 5 m for a total of 200 analogs/tributary).  A total of 800 analogs will be stocked into all four streams.  As analogs are made primarily from salmon carcasses obtained from hatcheries, they will contain approximately the same nutrient content as salmon carcasses.  Each analog contains dry-weight biomass approximately equivalent to an adult salmon as well.  

Salmon River Basin 

Carcass analogs will be transported and distributed into four tributaries of the upper Snake River during the Fall of 2001 and two tributaries will serve as controls. The selected streams are Marsh, Cape Horn, Bear Valley and Elk creeks, tributaries to the Middle Fork of the Salmon River, and Valley and Elk creeks tributaries to the Salmon River.  These streams have wild chinook salmon populations although some have had no adult escapement in recent years (e.g. Marsh and Elk tributary to Valley Creek). Analogs will be used to mimic benefits provided by chinook salmon that historically spawned in these streams.  Fish assemblages in these tributary streams are presently dominated by trout (e.g., rainbow, cutthroat, brook, and bull trout), white fish, and sculpins. 

Existing baseline data for most of these streams includes water chemistry, invertebrates, fish, fish diet, and stable N and C isotope ratios for juvenile anadromous and resident salmonid fishes. The National Marine Fisheries Service has collected data on the wild chinook population on several of these creeks since 1992. The four selected treatment streams each have five to eight years of data on chinook smolt and parr population characteristics. This data includes length, weight, and density estimates. Additional parameters to be monitored include discharge, temperature, periphyton (chlorophyll a), invertebrate assemblage characteristics, and fish growth, condition, and density.  Pre-treatment baseline data will provide an assessment of the biological characteristics of the study streams. Dissolved nutrient levels, primary production, and invertebrate assemblage data provide insight into lower trophic level function which supports fish production. 

Smolt to dam survival estimates will be generated in conjunction with ongoing NMFS PIT tag activities. These will be compared to historic smolt to dam survival rates. Smolt length, weight, and condition, and parr overwinter survival data from the IDFG screw trap on Marsh Creek (treatment stream) will be compared to historic smolt length and weight data.

To determine the benefits of stocking analogs in these creeks, four streams will have analogs put into them (Marsh, Bear Valley, Cape Horn, and Valley) and two (Elk Tributary to Bear Valley Creek and Elk Tributary to Valley Creek) will not.  In each treatment stream a 1-km reach will be stocked with analogs.  Treatment sites will receive 20 analogs/100 m (1 analog every 5 m for a total of 200 analogs/tributary).  A total of 800 analogs will be stocked into all four streams.  As analogs are made primarily from salmon carcasses obtained from hatcheries, they will contain approximately the same nutrient content as salmon carcasses.  Each analog contains dry-weight biomass approximately equivalent to an adult salmon as well.

Task 2.a  Evaluate the stable isotope ratios of salmonids, invertebrates, and periphyton, and evaluate stomach contents of salmonids in areas with and without carcass analogs

Nitrogen and Carbon Stable Isotope Analysis

Carbon (C) and nitrogen (N) stable isotope ratios of fish muscle tissue will be measured to determine the extent to which carcass analogs are contributing to the diet of the fish at the treated sites. Additional stable isotope measurements to identify the important trophic pathways by which the analog material is incorporated into the stream ecosystem will be made at some of the sites.  Macroinvertebrate and periphyton samples will be analyzed at these locations.  Stable isotope values of these samples will enable us to determine the extent to which these plants or animals are utilizing C and N from the analogs.  These measures in combination with the stable isotope values from the fish tissue samples will provide a clear indication of the overall influence of the analogs of the trophic dynamics of the treated stream reaches.

The relative contribution spawning salmon make to the nutrient pool in freshwater ecosystems can be quantified using N and C stable isotope analysis (Kline 1990; 1994; Bilby et al. 1996; 1998; Johnston et al. 1997).   Spawning salmon (and the carcass analogs) contain higher proportions of the heavier isotopic form of both N and C (13C and 15N) than do N and C delivered to the stream from other sources.  As a result, stable isotope ratios of these elements indicate the proportion of N and C of marine origin in a sample collected from the stream. 

Samples will be collected from each reference stream and from the treated reach and the control reach of each stream treated with carcass analogs shortly before adding the carcass analogs and approximately 2 to 4 weeks after.  Because the inorganic nutrients added at the sites treated with this material will not have a stable isotope signature distinct from other sources of N delivered to the stream, stable isotope samples will not be taken at these sites.  As C will not be added with the inorganic nutrients, C stable isotope analysis will not provide any meaningful information about the nutrient addition. 

Juvenile salmonids will be collected for analysis at all sites.  Approximately 4 fish of the 2 most abundant salmonid species will be collected at each site before analog stocking, 4 weeks, and 1 year after stocking for stable isotope analysis.  The total number of fish samples will be 864 (18 tributaries x 2 sites/tributary x 3 periods x 8 fish).  Larger numbers of fish will not be sampled to avoid any possible impacts on the population parameters also being measured.  The collected fish will be kept cold in the field and frozen as soon as possible.  In addition to the fish samples, invertebrate samples will be collected during the same three sampling periods as the fish.  We will restrict our analysis to grazing invertebrates to keep costs low. Invertebrates will be collected with a kick net or a Surber sampler.  Collected invertebrates will be held alive for 24 hours to allow for evacuation of gut contents.  Animals will then be segregated into feeding types and frozen.  The total number of invertebrate samples will be 108 (18 tributaries x 2 sites/tributary x 3 sample periods).  Periphyton samples also will be collected at these sites.  The periphyton samples will be scraped from streambed rocks using a razor blade and stiff-bristle brush. The material will be rinsed from the rock into a metal pan with a small volume of water.  The periphyton will be separated from the liquid by filtering thorough a pre-ashed, glass fiber filter.  The total number of periphyton samples will be 108 (18 tributaries x 2 sites/tributary x 3 sample periods).  Invertebrate and periphyton samples will be frozen.  Samples from the carcass analogs also will be analyzed.  Small samples will be taken from 10 analogs in each sub-basin and frozen for a total of 30 samples (3 sub-basins x 10 analogs/sub basin). Frozen samples will be shipped to the NMFS Northwest Fisheries Science Center for processing and sample analysis.  The total number of samples for stable isotope analysis is 1,110 (864 fish, 108 invertebrates, 108 periphyton, and 30 analogs).

Preparation of fish samples for stable isotope analysis involves thawing, removal of approximately 10 g of dorsal muscle tissue, rinsing with distilled water and freeze drying.  Invertebrate samples will include the entire animal.  Invertebrate and periphyton samples also will be freeze dried.  Dried samples will be ground to a fine powder using a ball grinder and mortar and pestle.  A small amount of the ground tissue (1-1.5 mg) will be combusted.  The evolved N2 or CO2 gas will be introduced into a continuous flow isotope ratio mass spectrometer to determine (13C and (15N values.  These values represent the difference in parts per thousand (%o) between the level of 13C or 15N in the sample and that in the standard.  ( values are calculated:

SYMBOL 100 \f "Symbol"15N/13C  = [(Rsample-Rstandard)/Rstandard]SYMBOL 180 \f "Symbol"1000 

where Rsample = the stable isotope  ratio in the sample and Rstandard = the ratio in the standard.  Standard for N is atmospheric N and for C is Peedee Belemnite, a calcareous rock from a formation in South Carolina, (Peterson and Fry 1987).


Stomach contents will be obtained from fish using gastric lavage.  Samples will be taken during the 4 sample periods.  These sample times should reflect the two different pathways that fish food is increased, 1) direct consumption of the analog and 2) increased consumption of invertebrates.  After stomach contents are collected, the fish will be retained for stable isotope analysis or released back into the stream.  Approximately 30 fish will be examined for each treatment or control section in each stream.  Invertebrates will be identified to order and carcass material will be identified.  Invertebrates and analog material will be dried and weighed.  Stomach contents will be expressed as % full based on methods described by James et al. (1999).

Task 2.b.  Evaluate abundance of prey and periphyton in areas with and without carcass analogs

Periphyton and invertebrate abundance will be quantified in the Salmon River basin tributaries.  Samples will be collected in triplicate near the bottom of each study reach (control and treatment).  Periphyton and invertebrate samples will be collected at the same time as fish samples (before analog addition, 2 weeks, 4 weeks, and 1 year after analog addition).  Invertebrate samples will be collected using a Surber sample device and will be processed to generate estimates of species composition, density, and biomass.  Periphyton chlorophyll a concentration will be measured using replicate tiles and a methanol extraction.  Samples will be filtered onto 0.45 um cellulose acetate membrane filters.  The filters will then placed in methanol for 12-24 hours to extract the chlorophyll pigments.  Florescence will be measured with a Turner model 10-AU fluorometer calibrated with chlorophyll standards obtained from Sigma Chemical Company.
Task 3.a.  Evaluate abundance of predators and pathogens in areas with and without carcass analogs

Potential deleterious effects related to the analogs also will be examined.  Comparisons of salmonid predators between treated and untreated sites will be made to determine whether the analogs promote an increase in these animals and if this increase has any appreciable impact on the fish.  Aquatic and terrestrial predators will be counted during other surveys described in Objective 2 and 3.  As possible disease transmission is a major concern related to carcass placement, we will visually examine fish in the study reaches for the appearance of any external disease or parasite.  

Task 3.b.  Evaluate water quality in areas with and without carcass analogs

Water quality impacts also have been raised as a concern relating to carcass placement.  We will take biweekly water samples at the downstream end of the reaches with and without analogs and from the reference tributary sites between August and October, 2001.  The total number of water samples will be 216 (18 tributaries x 2 sites/tributary x 6 periods).  Measured water quality parameters will include dissolved oxygen, NO3/NO2-N;  NH4-N, and total phosphorus.
Task 4.a  Evaluate the biomass, abundance, growth and condition of salmonids in areas with and without carcass analogs and determine relative abundance and biomass of associated species

Growth, condition, abundance, biomass and survial of salmonids will be the primary response variables that will be compared between the treated and untreated reaches.  Estimates of fish assemblage composition and biomass, trout density, and growth will be collected in 3 x 100 m long sampling sites at each treated and untreated tributary.  The 100 m long sample sites will be located within the middle 800 m of the 1 km long study reach.  Eliminating areas near the boundaries of the treated reaches as possible sample sites will minimize potential confounding effects due to movement of fish between treated and untreated areas.  Sites will be located in the middle (historic site with extensive baseline data), and 100 m from the top and bottom ends.  The specific 100-m sections to be sampled will be established on the first sample date and the same sections will be resampled throughout the study.  Fish will be sampled using backpack electrofishing.  A population estimate will be generated using multiple removal methods before the analogs are stocked and 1 year after stocking.  Population estimates will not be conducted during other periods because of the unlikelihood that reliable estimates can be calculated at low water temperatures.  During these other times, 2 and 4 weeks after analog stocking, fish will be collected in sites other than the population estimate sites and if sufficient numbers of fish are collected growth will be determined.  All fish that are encountered will be netted and identified to species and age class.  Lengths and weights will be measured for every salmonid. Other fishes will be counted and identified to species and age class and weighed in species-life-stage groups.  Trout greater than 100 mm will be marked with a fin clip to determine population turnover.  Growth of trout will be evaluated by comparing the mean increase of fish size for each age class between sampling periods.  Sampling will occur two weeks, four weeks, and one year after analog addition.  Immediately prior to analog distribution a survey will also be conducted to provide a temporal reference.  Depending on access, analogs will be examined periodically throughout the winter and spring to determine the rate of decomposition, invertebrate colonization, and rate of retention within the stream channel.  The proposed study design will allow us to compare control and treatment sections within a stream and control and treatment streams before and after analog distribution.

Growth will be analyzed using analysis of covariance and will be expressed as instantaneous growth rate and mean length at age.  The main effects will be treatment/control, before/after, and stream.  Fish condition (length x weight relationship) will be compared using ANCOVA with treatment being the main effect and elevation and length being covariates.  Fish density, water quality parameters and stable isotope values do not covary with elevation as does growth, so a three factor analysis of variance with treatment/control, before/after, and stream as the main effects will be used.  

Anticipated Work Schedule

Before sample - August 1 – September 14, 2001

Stock carcass analogs – September 17-21, 2001

50% degradation sample – October 4-12, 2001

90% degradation sample – October 17-26, 2001

1 year after sample – August 1 – September 14, 2002

Data entry – November 1-30, 2001, October 1-31, 2002

Analysis and writing – November 1-30, 2002 

Manuscript submitted to Journal - March, 2003

f. Facilities and equipment


The budget for the proposed project is divided among five entities – Washington Department of Fish and Wildlife, BioOregon, Shoshone Bannock tribe, National Marine Fisheries Service and the Yakama Nation.  Weyerhauser is cost-sharing on the project.  In order to do the proposed work, each agency will need to be contracted with separately.  This will minimize the amount of “pass through” overhead that would occur if all of the money went to one agency.  Most of the equipment necessary for this project is available to the co-principal investigators (e.g., backpack electrofishers, scales, computers).  Disposable (e.g., vials, chemicals) and personal items (e.g., boots and waders) will need to be purchased.

Bio-Oregon, Inc. is a small locally owned company, which manufactures and distributes specialty aquaculture feeds and fish-based organic fertilizers.  The company has been operating continuously for over seventy-five years in Clatsop County, Oregon.  Throughout the company’s existence, all of its products have been tied to recycling non-utilized byproducts from regional fish processing.   Long before “green” and “ecological” became buzzwords, Bio-Oregon has filled a responsible environmental niche.  

The physical plant in Warrenton, Oregon encompasses ten acres adjacent to the Columbia River.  Machinery and equipment are operated to process up to 700,000 pounds of fresh fish scrap daily.  The fish is enzymatically digested and concentrated to produce a vital ingredient for feeds and fertilizers.  New products and processes are routinely evaluated to determine if economically justified and environmentally sound products can be added to the manufacturing and marketing mix.  A key requirement that must be met for any new product development is positive impact on Northwest salmon recovery.

The scope of the project contained within this proposal meets all internal demands for funding but is too broad and expensive for existing company resources.  Capital cost for briquetting and the associated evaluation cost to empirically prove efficacy are not covered by existing cash flow or traditional lending sources.  Northwest public agencies charged with salmon recovery are supportive of the project concept but simply do not have the funds available to underwrite testing.  Environmental advocacy groups also support the project both in regard to salmon recovery and fish waste utilization but are unable to supply testing monies.  We are enthusiastic about the willingness of the Washington Department of Fish and Wildlife, National Marine Fisheries Service, Yakama Indian Nation, and Shoshone-Bannock Tribes to provide a venue and human resources to test the salmon carcass analog as a source of marine-derived nutrients for steam fertilization.  The potential to enhance salmon habitat productivity while supporting waste utilization in the depressed regional fishing industry are the hallmarks of this proposal.

Stable isotope sample preparation and analysis will be conducted at the NMFS, Northwest Fisheries Science Center.  Center personnel have been involved in ecological studies using stable isotopes in the past and have the expertise and equipment required to collect, store and process the samples for analyses.  This equipment includes freezers, freeze-dryers and various types of tissue grinders.  The center is in the process of obtaining the equipment necessary to conduct the stable isotope analysis (elemental analyzer and continuous-flow, ratio mass spectrometer).  If unforeseen circumstance delay installation of the required equipment at the NMFS facility, samples will be sent to the University of Alaska, Fairbanks stable isotope lab for analysis.  Cost for analyses are based on the University of Alaska estimates but would be comparable if the analyses can be conducted by the NWFSC.


Invertebrate assemblage investigations will be conducted using existing laboratory facilities at the Shoshone-Bannock Tribes (SBT) Fisheries Department headquarters. SBT personnel have been conducting invertebrate monitoring associated with a variety of past and ongoing projects. Chlorophyll a analysis will be conducted using a Turner model 10-AU fluorometer calibrated with chlorophyll standards obtained from Sigma Chemical Company. This equipment is housed at the Biolines consulting remote laboratory in Stanley, ID where it is used in association with the Redfish Lake Sockeye Salmon program.
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Section 4. Key personnel


The partnership of five scientists with different scientific expertises and representing a state agency, federal agency, two tribes, and private industry promises to make a strong collaboration.

Todd Pearsons, Research Scientist, Co-principal investigator, 1 month, Washington Department of Fish and Wildlife, will serve to direct work in the Yakima basin

Robert Bilby, Research Scientist, Co-principal investigator, 2 months, NMFS, will serve to direct sample collection, preperation, analysis and interpretation of stable isotope and water quality samples. 

Bert Lewis, Research Scientist, Co-principal investigator, 10 months, Shoshone-Bannock Tribe, will serve to direct work in the Salmon basin

Dennis Roley, Fish Nutritionist, Co-principal investigator, 4 months, Bio-Oregon, will serve to develop and produce salmon carcass analogs

Bill Sharp, Research Scientist, Co-principal investigator, 2 months, Yakama Nation, will serve to direct work in the Klickitat basin

Todd N. Pearsons
EDUCATION
Ph.D.  Fisheries Science.  Oregon State University.  1994.

M.S.  Fisheries Science.  Oregon State University.  1989.

B.A.  Aquatic Biology.  University of California at Santa Barbara.  1985.

RECENT PREVIOUS EMPLOYMENT
RESEARCH SCIENTIST 1, Washington Department of Fish and Wildlife, 7/00-present

ADJUNCT BIOLOGY PROFESSOR, Central Washington University, 3/97-present

FISH AND WILDLIFE BIOLOGIST 4, Washington Department of Fish and Wildlife, 9/95-7/00

FISH AND WILDLIFE BIOLOGIST 3, Washington Department of Fish and Wildlife, 1/92-9/95

CURRENT RESPONSIBILITIES – Director of a research team specializing in ecological interactions and serve as lead ecologist in an interdisciplinary, interagency, research and monitoring team.  Washington Trout recognized the research team with an award of outstanding achievement in research during 1994, and the team was awarded the “best science award” by the Washington Department of Fish and Wildlife during 1999.

EXPERTISE – Over 17 years of investigating the interrelationships of biota in aquatic ecosystems, 15 of those years involved salmonid ecosystems in the Pacific Northwest.  Co-authored nine BPA technical reports and 17 peer reviewed journal or book publications.  Research has focussed on the ecology and monitoring of salmonid ecosystems including food limitation, competition, and predation.  Small-scale experimental approaches to increasing food availability have been evaluated in the John Day and Yakima basins.

FIVE PEER-REVIEWED PUBLICATIONS
Pearsons, T.N., H.W. Li, and G.A. Lamberti.  1992.  Influence of habitat complexity on

Resistance to flooding and resilience of stream fish assemblages.  Transactions of the American Fisheries Society 121:427‑436.

Tait, C.K., J.L. Li, G.A. Lamberti, T.N. Pearsons, and H.W. Li.  1994.  Relationships between 

riparian cover and the community structure of high desert streams.  Journal of the North American Benthological Society 13:45‑56.

Pearsons, T. N., and A. L. Fritts.  1999.  Maximum size of chinook salmon consumed by juvenile 

coho salmon.  North American Journal of Fisheries Management 19:165-170.

Pearsons, T. N., and C. W. Hopley.  1999.  A practical approach for assessing ecological risks 

associated with fish stocking programs.  Fisheries 24(9):16-23.

Ham, K. D., and T. N. Pearsons.  2000.  Can reduced salmonid population abundance be detected 

in time to limit management impacts?  Canadian Journal of Fisheries and Aquatic Sciences 57:17-24.

Robert E. Bilby

EDUCATION


1974
B.S. (summa cum laude), University of Rhode Island, Zoology


1979
Ph.D., Cornell University, Ecology


1993
Washington Agriculture-Forestry Foundation Leadership Program

RECENT PREVIOUS EMPLOYMENT

Present        Senior Science Advisor, Environmental Forestry Prgm., Weyerhaeuser Co. Tacoma WA

Current Responsibilities: Provide oversight and guidance for company’s aquatic research activities worldwide.  Actively participate in selected key research projects.  Maintain a close relationship with Northwest Fisheries Science Center (NMFS) especially as it relates to research on salmon carcasses, nutrient dynamics and stream productivity.


1998-2000    Mgr., Watershed Processes Program, National Marine Fisheries Service, Seattle, WA


1996-1998    Team Leader of Landscape Mngmt. Program, Weyerhaeuser Co. Tacoma WA


1980–1996   Aquatic Ecologist, Weyerhaeuser Company, Tacoma WA


EXPERTISE

· Nutrient dynamics and trophic interactions in stream ecosystems

· Production, population dynamics, and community interactions of stream-dwelling fishes

· Influence of large wood on structure and function of stream and riparian ecosystems

· Effects of forest practices on aquatic ecosystems

· Ecology of riparian ecosystems

FIVE RECENT RELEVANT PUBLICATIONS 

Bilby, R.E., B. R. Fransen, J. W. Walter, C. J. Cederholm and W. J. Scarlett. In Press. Preliminary evaluation of the use of nitrogen stable isotope ratios to establish escapement levels for Pacific salmon. Fisheries – January 2001 

Bilby, R. E., B. R. Fransen, P. A. Bisson and J. K. Walter. 1998. Response of juvenile coho salmon and steelhead to the addition of salmon carcasses to two streams in southwest Washington, USA.  Can. J. of Fish. and Aquat. Sci.55:1909-1918.

Bisson, P. A. and R. E. Bilby. 1998 .Organic matter and trophic dynamics. in Naiman, R. J. and R. E. Bilby (eds.). River ecology and management: Lessons from the Pacific coastal ecoregion.  Springer-Verlag, New York.

McClain, M. E., R. E. Bilby, and F. J. Triska. 1998. Nutrient cycles and response to disturbance. in Naiman, R. J. and R. E. Bilby (eds.). River ecology and management: Lessons from the Pacific coastal ecoregion.  Springer-Verlag, New York. 

Bilby, R. E., B. R. Fransen, and P. A. Bisson. 1996.  Incorporation of nitrogen and carbon from spawning coho salmon into the trophic system of small streams: evidence from stable isotopes.  Can. J. Fish. Aquat. Sci.53: 164-173.

WILLIAM R. SHARP

EDUCATION

B.S.  Natural Resource Management with minor in Watershed Science.  Colorado State University.  1987

RECENT PREVIOUS EMPLOYMENT

Fisheries Biologist III, Yakama Nation Fisheries Program, 1998- present

Fisheries Biologist II, Yakama Nation Fisheries Program, 1993-1998  

Fisheries Biologist I, Yakama Nation Fisheries Program, 1989-1993

Fisheries Biologist I, US Fish and Wildlife Service, 1988-1989

Fisheries Technician, Idaho Department of Fish and Game, 1987-1987 

Fisheries Technician, US Army Corps of Engineers, 1983-1986

CURRENT RESPONSIBILIITES – Project Manger for biological and habitat monitoring activities within the Klickitat Subbasin under the Yakima Klickitat Fisheries Project (#9506800).  Responsibilities include research design and development, daily field operation, data analysis and synthesis, report writing, budgeting, and subcontract development.  Function as technical representative to the Washington State Salmon Recovery process in the Klickitat Subbasin.  Administer 3 Salmon Recovery habitat restoration grants awarded to the Yakama Nation.  Function as team leader for the Northwest Power Planning Council’s development of Klickitat Subbasin Plan.     

EXPERTISE – Over 14 years of Pacific Northwest fisheries work experience.  I have designed and implemented fisheries and habitat studies, analyzed and presented data.  I have managed field crews from 2-20 individuals.  I have designed, budgeted, and implemented habitat construction projects in the Yakima and Klickitat basins where we’ve constructed off-channel rearing structures, alcoves and velocity refugia to benefit depressed spring chinook stocks.  As the lead biologist on the Klickitat Project 9506800 I have conducted all aspects of project design, budgeting, salmonid population monitoring at all life stages and stream habitat inventory.

Bert Lewis

EDUCATION
M.S.  Watershed Science (Aquatic Ecology emphasis).  Utah State University.  1998.

B.A.  Environmental, Population and Organism Biology. University of Colorado, Boulder.  1988.

RECENT PREVIOUS EMPLOYMENT
RESEARCH BIOLOGIST, Shoshone-Bannock Tribes, 1/99-present

RESEARCH BIOLOGIST, Utah State University, 4/98-1/99 

GRADUATE RESEARCH ASSISTANT, Utah State University, 1/96-4/98

RESEARCH TECHNICIAN, Fisheries Research Institute, University of Washington, 3/94-10/95

CURRENT RESPONSIBILITIES – Conduct fisheries and aquatic ecology investigations related to the Inter-agency Redfish Lake Sockeye Salmon Recovery Program and the Idaho Supplementation Study for the Shoshone-Bannock Tribes. Current activities include: lake fertilization monitoring, captive brood stock release strategy experiment, O. nerka ontogenetic diet shift investigation, and paleolimnology zooplankton reconstruction.

EXPERTISE – Aquatic ecology investigations with emphasis on fish diet, food resources, competition, predation, and trophic transfer. Research, monitoring, and evaluation of lake fertilization and response of limnological parameters.  Experience working on stable isotope (N15) food web tracer studies including the Lotic Intersite Nitrogen Experiment (LINX) and a metalimnetic injection project. Co-authored four BPA technical reports and 3 peer reviewed journal publications.  

PEER-REVIEWED PUBLICATIONS
Lewis, B., and T. A. Crowl. 2000. The impact of an invasive exotic plant (Tamarix) on aquatic invertebrate assemblages. Freshwater Biology. Accepted.

Crowl, T. A., B. Lewis, et al. 2000. Restoring connectivity in a large river system: Floodplain restoration in the Upper Colorado River Basin. North American Benthological Society. In Press.

Crowl, T. A., B. Lewis, et al. 2000. Colorado River fish habitat restoration. Regulated Rivers: Research and Management. In review.

Dennis D. Roley
EDUCATION

Ph.D.  Fisheries Biology.  University of Washington.  1983.

M.S.  Fisheries Biology.  University of Washington.  1973.

B.S.  General Science.  University of Oregon.  1966.

RECENT PREVIOUS EMPLOYMENT

NUTRITIONIST, Bio-Oregon, 1987 to present.

NUTRITIONIST, Washington Department of Fisheries, 1978 to 1987.

CURRENT RESPONSIBILITIES – Customer technical support.  Quality control of fish feed and organic fertilizer production.  Process engineering.  Fish feed and organic fertilizer formulation for optimal performance.  Product development.

EXPERTISE – Fish nutrition.  Marine fish protein and fat quality. The relationships between fish nutrition and fish disease.  Fish feed and organic fertilizer production.  Agronomy.

PEER-REVIEWED PUBLICATIONS AND JOB COMPLETIONS

Zaugg, W.S., Roley, D.D., Prentice, E.F., Gores, K.X. and Waknitz, F.W., 1983. Increased seawater survival and contribution to the fishery of chinook salmon (Oncorhynchus tshawytscha) by supplemental dietary salt. Aquaculture, 32: 183-188.

Hardy, Ronald W. and Roley, D.D., 2000. Lipid oxidation and antioxidants. In: Robert R. Stickney (Editor), Encyclopedia of Aquaculture. John Wiley and Sons, New York, NY, pp. 470-476.

Define nutrition and feeding strategies that prevent Saprolegnia sp. infections in spring chinook salmon.

Development of BioFlake, a new starter diet for salmon and trout.

Development of BioFins, a new diet that prevents dorsal fin erosion in steelhead trout.
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�PAGE \# "'Page: '#'�'"  ��Describe the relationships and links between your project and other relevant projects in progress in the Columbia Basin and elsewhere. Put your project into the context of other work funded under the fish and wildlife program. Indicate how your proposed project relates to, complements or includes collaborative efforts with other proposed or existing projects, specifically those in your watershed, subbasin and province. If the proposed project requires or includes collaboration with other agencies, organizations or scientists, or any special permitting to accomplish the work, such arrangements should be fully explained. If the relationship with other proposals is unknown or is in conflict with another project, note this and explain why.


�PAGE \# "'Page: '#'�'"  ��e. Proposal objectives, tasks and methods


Present your project’s objectives, tasks, and methods to implement the tasks (use and expand upon the objectives and tasks from the Budget Tables in Part 1, Section 2). Present these in a numbered list; outline and link by objective, task, and method; and group appropriately to avoid redundancy.


�PAGE \# "'Page: '#'�'"  ��List the ultimate goals, visions, or long-term desires for your project (e.g., increase harvest, restore or maintain or protect a certain population, maintain species diversity, etc) and match these with regional management objectives and strategies. In addition, provide objectives that are measurable in biological terms (e.g., harvest rates at 1 fish/angler/day annually, number of redd counts, population targets) and have a time element (e.g., accomplish by August 2002). Research proposals must concisely state the hypotheses and assumptions necessary to test these. Non-research projects must also state their objectives. In addition to the broad goals and biologically measurable objectives of your project, clearly identify any products (reports, structures, etc.) that would result from your efforts, but be sure to describe the purpose that the products are intended to meet


�PAGE \# "'Page: '#'�'"  ��Under each objective, list the tasks and methods that will be used to meet the objective. Describe how the project is to be carried out based on sound scientific principles (this is applicable to all types of projects). Include scope, approach, and detailed methodology. Indicate how the innovative techniques and methods will further the understanding of fish and wildlife ecology, correct a specific problem in the basin, or broaden and better define the spectrum of management options. Concisely summarize the methods here in enough detail to satisfy peer review and cite references


�PAGE \# "'Page: '#'�'"  ��All major facilities and equipment to be used in the project should be described in sufficient detail to show adequacy for the job. For example, the proposal should indicate whether there are suitable (based on contemporary standards) field equipment, vehicles, laboratory and office space and equipment, life support systems for organisms, and computers. Any special or high-cost equipment to be purchased with project funds should be identified and justified. This section should be no longer than a few paragraphs.


�PAGE \# "'Page: '#'�'"  ��If you have key technical documents specifically related to your project that are cited and summarized in the proposal form, you may submit these as background reference material for the peer reviewers. These documents may include project master plans, monitoring and evaluation plans, watershed assessments, and peer-reviewed articles generated from the project. Please note that the ISRP and CBFWA will evaluate your project based on the proposal, so all critical information needs to be provided in the proposal. Simply referencing another document will not suffice. It is not necessary to send in cited material, but if you do, please note it in the right hand column of the reference table. If your document is available on the web (e.g. through BPA) please provide the web address. If not on the web, but you have an electronic copy please provide it by email or disc. If only available in hard copy send that. Send all materials to the same address you send the proposal form.


�PAGE \# "'Page: '#'�'"  ��Include names, titles, FTE/hours, and one-page resumes for key personnel (i.e. principal investigators, project managers, key subcontractors), and describe their duties on the project. Emphasize qualifications for the proposed work. Resumes should include name, degrees earned (with school and date), certification status, current employer, current responsibilities, list of recent previous employment, a paragraph describing expertise, and up to five recent or especially relevant publications or job completions.
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