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a. Abstract 

Lower Columbia River steelhead were listed as "threatened" under the ESA in March 1998.  Most populations of salmonids that historically occupied the Wind River subbasin in the Lower Columbia River are considered depressed (WDF et al., 1993) and restoration of Wind River summer steelhead has been given the highest priority by the State of Washington's Lower Columbia Steelhead Conservation Initiative.  In spite of dwindling adult returns, the Wind River subbasin produces a large number of juvenile steelhead.  Research has documented heavy infestations of the protozoan Heteropolaria lwoffi (formerly Epistylis lwoffi) on wild juvenile steelhead in the Wind River subbasin.  H. lwoffi infestations are particularly common on age-1 steelhead (Connolly, 1997).  The Columbia River Gorge Provincial Subbasin Review identified investigation of H. lwoffi infestations on juvenile steelhead as a research need in the Wind River Subbasin (Rawding, 2000) based on concerns that heavy infestations of this organism may be linked to poor parr to smolt and smolt to adult survival.  The effect of H. lwoffi on wild juvenile steelhead is unknown, but H. lwoffi may introduce chronic stress conditions, interfere with gill function, decrease feeding success and growth of juveniles, and perturb endocrine factors associated with smolt development.  The proposed laboratory and field research will investigate the impact of H. lwoffi on feeding success, growth, and smoltification of wild juvenile steelhead and identify environmental and habitat conditions that may contribute to H. lwoffi infestations on juvenile salmonids.

b. Technical and/or scientific background
The number of adult steelhead returning to the Wind River has precipitously declined in the last 10 years, from historical annual runs of over 2,000 to runs of less than 200 in the last several years (Connolly, 1999; Rawding, 2000).  One factor that may be contributing to this decline is the infestation of juvenile fish by the protozoan Heteropolaria lwoffi (formerly Epistylis lwoffi).  In natural environments, H. lwoffi is largely considered an ectocommensal organism (Lom, 1973; Cone and Odense, 1987).  However, our field studies suggest that H. lwoffi may have a strong negative impact on wild juvenile steelhead.  Connolly (1997) reported large numbers of H. lwoffi infesting juvenile steelhead/rainbow trout at multiple locations within the Wind River subbasin.  H. lwoffi infestations were particularly heavy in the Trout Creek watershed, where adult steelhead returns are extremely low (Rawding, 2000).  Snorkeling surveys by the Washington Department of Fish and Wildlife (WDFW) also documented heavy infestations of H. lwoffi on juvenile steelhead/rainbow trout in the East Fork of the Lewis River (memo from Dan Rawding, WDFW, dated July 15, 1997), which is located in an adjacent watershed of the Wind River.  USFWSs' Lower Columbia River Fish Health Center (LCRFHC) also found that H. lwoffi is widespread on juvenile steelhead in the Wind River subbasin, and that other disease factors are present as well (unpublished data, Ken Lujan, USFWS).  The ecological significance of H. lwoffi-infestations on juvenile steelhead in the Wind River subbasin is not known.  H. lwoffi may be a disease factor of juvenile steelhead in itself, a secondary condition resulting from an unfavorable environmental factor, or H. lwoffi may co-occur with another disease factor (personal communication, Susan Gutenberger, USFWS).

Habitat and water quality factors may predispose juvenile steelhead to H. lwoffi infestations.  The water temperature of streams, the inter-annual variation in stream temperature, and the chemical composition of the water source may directly or indirectly influence the prevalence and severity of H. lwoffi on juvenile steelhead.  In the Wind River subbasin, water temperatures in adjacent drainages may vary as much as 6 - 8° C during the summer, and streams with large groundwater inflow show little annual variation in water temperature (Connolly, 1999).  A laboratory study by Sauter (1996) found that low water temperature (8° C) slowed growth and resulted in incomplete smolt development in spring and fall chinook salmon, suggesting that very cold streams with little seasonal variation in temperature may be physiologically stressful to some species of juvenile salmonids.  Connolly (1997) observed that the coldest streams frequently showed the highest incident of H. lwoffi infestations on juvenile steelhead.

Once H. lwoffi colonizes a juvenile steelhead, survival may be reduced through a variety of mechanisms.  Infestations of H. lwoffi may interfere with feeding performance.  Because H. lwoffi colonizes the surface of the eyes in addition to other external surfaces of fish, we hypothesize that the visual acuity necessary for successful feeding may be compromised in infested fish.  Poor feeding performance may result in slower growth of juvenile steelhead.  Reduced growth frequently leads to increased mortality of juveniles in wild fish populations (Werner, 1986). Smaller fish have: 1) lower over-winter survival (Toneys and Coble, 1979; Holtby, 1988; Pickering and Pottinger, 1988; Smith and Griffith, 1994), 2) longer freshwater residence time before smolting and emigration (Hoar, 1976; Wedemeyer et al., 1980; Giorgi et al., 1997), and 3) higher predation risks (Hargreaves and Lebrasseur, 1986; Post and Evans, 1989).

H. lwoffi infestations may also negatively affect smolt quality.  Since H. lwoffi will colonize the surface of the gills, it may interfere directly with physiological and migrational aspects of smoltification, resulting in poor smolt performance.  H. lwoffi may also interfere with smoltification indirectly through reduced growth rate, which can delay smolt development.  Although it is unlikely that H. lwoffi is solely responsible for the decline of wild steelhead populations in the Wind River subbasin, the organism may hamper recovery efforts by lowering parr to smolt and/or smolt to adult survival.

c. Rationale and significance to Regional Programs
The Columbia River Basin Fish and Wildlife program (NPPC 1994, Section 7.6C) and Independent Scientific Group (1996) emphasize a watershed approach that links salmonid restoration to key physical and biological variables that limit populations.  Ongoing steelhead restoration studies in the Wind River subbasin have documented heavy infestations of H. lwoffi on juvenile steelhead.  As a result, the Wind River subbasin summary (Rawding, 2000) specifically states the need to address H. lwoffi infestations to determine the organisms' affect on juvenile steelhead survival and to determine if the degree and distribution of these infestations are linked to water quality, habitat conditions, or other environmental factors.  The impact of H. lwoffi infestations on depressed populations of steelhead is unknown.  A better understanding of the ecological relationship between this organism and juvenile steelhead may be important to steelhead restoration efforts regionally.  H. lwoffi infestations may reduce over-winter survival of juvenile fish or inhibit smoltification, limiting the restoration efforts of ongoing Wind River Watershed Project 9801900.  This project will address a potential cause of population decline in a threatened population of steelhead in the Wind River subbasin.

d. Relationships to other projects 
This project addresses concerns raised by Connolly (1997) and Rawding (2000) that H. lwoffi may be a limiting biological factor in wild steelhead restoration efforts in the Wind River subbasin by investigating whether H. lwoffi affects feeding success, growth, and smoltification in juvenile steelhead and by identifying physiological and environmental conditions which may predispose juvenile steelhead to H. lwoffi infestations.  The proposed project would be a collaborative effort involving USGS and USFWS.  Personnel at USGS's Columbia River Research Laboratory (CRRL) will specifically address the impact of H. lwoffi infestations on feeding success and growth in juvenile steelhead in field and laboratory settings.  USGS will also conduct field studies to investigate possible linkages between water quality, habitat, smoltification, and the distribution, prevalence and severity of H. lwoffi infestations on wild juvenile steelhead.  Personnel at USFWS's Abernathy Fish Technology Center (AFTC) will address the impact of H. lwoffi infestations on smolt performance and physiology using hatchery steelhead in laboratory studies.  Personnel at USFWS's LCFHC will provide standardized disease profiles (bacterial, viral, parasitic) on wild juvenile steelhead.  These disease profiles will be provided through a 100% in-kind contribution as part of the National Wild Fish Health Survey.

Project history (for ongoing projects) 

f. Proposal objectives, tasks and methods
Objectives and Hypotheses:

OBJ-1.  Determine if H. lwoffi infestation affects the visual acuity of juvenile steelhead trout, thus impairing feeding and growth performances.

Hypothesis 1:  H. lwoffi  infestations on juvenile steelhead have no effect on feeding success and growth.  This research question will be addressed through laboratory and field investigation.

OBJ-2.  Determine the distribution, prevalence, severity, and habitat relationships of H. lwoffi infestations on juvenile salmonids, particularly steelhead, in the Wind River subbasin.
Hypothesis 2:  Distribution, prevalence, and severity of H. lwoffi infestations in juvenile salmonids are not linked to physical habitat conditions.

OBJ-3.  Determine the effects of H. lwoffi infestation on behavioral and physiological characteristics of smolting hatchery steelhead.
Hypothesis 3.  H. lwoffi infestations do not affect quantitative measurements of smolt performance of hatchery or wild juvenile steelhead.

Tasks, Methodology, and Products:

OBJ-1.  FY2001 - 2003.  Determine if H. lwoffi infestation affects the visual acuity of juvenile steelhead trout, thus impairing feeding and growth performances.

Task a.  FY2001.  Determine the biological and physical parameters necessary to successfully transmit H. lwoffi to healthy, hatchery-reared juvenile steelhead.  This research is critical before we begin our proposed laboratory work on the effect of H. lwoffi infestations on feeding and migratory behavior, and smolt development of juvenile steelhead.   Successfully introducing H. lwoffi infestations onto laboratory held juvenile steelhead may require special techniques, and factors such as water temperature and fish density in laboratory tanks may be important.  Transmission of H. lwoffi may be accomplished using infested fish obtained from the hatchery, or by introducing the organism directly into the tanks containing our experimental fish.  Once the organism has been successfully transmitted to juvenile steelhead in the laboratory, the development of heavy infestations of H. lwoffi on infested fish may require several months to achieve.

Task b. Activity a.  FY2002-2003.  Quantify the feeding success of an un-infested (control) group and a H. lwoffi-infested group of hatchery steelhead (Skamania stock) in the laboratory.  Critical assumptions of this portion of the research are: 1) H. lwoffi can be successfully introduced to hatchery steelhead in the laboratory by horizontal transmission from infested fish or water, 2) availability of hatchery steelhead from Skamania Hatchery for experiments, and 3) hatchery steelhead will serve as an appropriate surrogate for wild steelhead.  Laboratory studies will require age-1 hatchery steelhead and a specially designed tank to observe feeding behavior.  Feeding success will be measured by behavioral observation and enumeration of the total number of feeding strikes and the number of successful feeding strikes over a six-week period.  Based on the variance encountered in a similar behavioral analysis on feeding rate by Mesa (1991), a sample size of 50 fish would be sufficient to detect a significant difference in feeding success between H. lwoffi infested and un-infested fish.  Data will be analyzed using one-way ANOVA.  Results of this experiment are expected to determine if significant differences in feeding success exist between H. lwoffi- infested and un-infested juvenile steelhead.

Task b. Activity b.  FY2002-2003.  Determine the growth rate of control and infested groups of fish by collecting length, weight, and non-lethal tissue samples for RNA/DNA ratio analysis at the beginning and end of the laboratory feeding experiments.  The RNA/DNA ratio will be used to provide a sensitive measure of short-term growth rate of fish.

Task b. Activity c.  FY2002-2003.  Quantify whole body lipids in juvenile steelhead to estimate the energetic potential of H. lwoffi infested and un-infested fish.  The quantity of lipid reserves available to juvenile fish may be an important factor influencing over-winter survival (Toneys and Coble 1979; Cujak and Purer 1987; Miranda and Hubbard 1994).  Analysis of whole body lipid levels at the end of the laboratory feeding experiment will allow us to investigate whether H. lwoffi infestation impacts energetic potential of juvenile steelhead in the laboratory.

Task c. Activity a.  FY2003-2004.  Quantify feeding performance of H. lwoffi-infested and un-infested juvenile steelhead in the wild.  Stream enclosures will be set up in two adjacent streams, Crater and Upper Trout Creek.  These streams have very different water sources and thermal conditions, and will allow us to investigate the effects of these water quality conditions on feeding performance of H. lwoffi-infested and un-infested wild juvenile steelhead.  Stream enclosures will be stocked with wild juvenile steelhead and snorkeling apparatus will be used to quantitatively assess feeding performance.  Critical assumptions of this research include: 1) sufficient numbers of H. lwoffi-infested and un-infested wild steelhead can be collected for stream enclosures from all study streams, and 2) stream enclosures will not interfere with feeding behavior, growth, and smolt parameters of juvenile steelhead.  Growth and smoltification of infested and un-infested wild juvenile steelhead will be investigated using non-lethal techniques that have been developed for tissue analysis for determination of RNA/DNA ratio, skin reflectance, body morphology analysis, and gill ATPase.  Healthy and H. lwoffi-infested wild juvenile steelhead will be collected using a back-pack electroshocking unit.  Behavioral observation of feeding performance will be conducted by introducing food upstream of the enclosures and counting successful and unsuccessful feeding strikes in healthy and infested fish.  Snorkeling gear will be used to facilitate quantifying feeding performance.  Variance of feeding success from laboratory studies will be used to calculate the number of wild fish and replicates needed with significance levels set at alpha = 0.5, beta = 0.20.  The interaction of stream temperature on feeding and growth of infested and un-infested fish will be assessed using two- or three-way ANOVA using water quality variables as factors in the analysis.

Task c. Activity b.  FY2001-2004.  Determine the growth rate of H. lwoffi- infested and un-infested juvenile steelhead under field conditions.  Length, weight, and non-lethal tissue samples for RNA/DNA ratio, in addition to skin reflectance Haner et al. 1995), body morphology analysis (Beeman et al. 1994, 1995), and non-lethal gill ATPase samples (Schrock et al. 1994) will be collected from wild steelhead in collaboration with field collections by BPA-funded Wind River Watershed Project #09801900.  During these field collections, wild juvenile steelhead are routinely pit tagged, which will allow us to evaluate long-term growth and survival of H. lwoffi-infested and un-infested fish.

Products:  Annual report of laboratory and field findings from USGS and USFWS to include: 1) results and discussion of efforts to transmit H. lwoffi to healthy hatchery-reared juvenile steelhead under laboratory conditions, 2) results and discussion of behavioral analysis on the feeding success of H. lwoffi-infested and un-infested juvenile steelhead under laboratory and field conditions, and 3) results and discussion of growth and lipid analysis.

OBJ-2.  Determine the distribution, prevalence, severity, and habitat relationships of H. lwoffi infestations on juvenile salmonids, particularly steelhead, in the Wind River subbasin.
Task a.  FY2001 - 2004.  A systematic survey of juvenile steelhead in the Wind River watershed will be conducted to expand our information on the distribution, prevalence and severity of H. lwoffi infestations of wild juvenile steelhead trout and resident salmonid species using snorkeling surveys in the watershed.  Documentation of the distribution, prevalence and severity of H. lwoffi infestations at specific locations in the watershed along with data on the juvenile steelhead population, the prevalence of other salmonid species, and on the prevalence and severity of H. lwoffi in other salmonid species will be helpful in establishing the epidemiology and significance of these infestations on wild juvenile steelhead.  This research will be done in collaboration with field collections undertaken by the BPA-funded Wind River Restoration Project during summer field sampling.  LCFHC will provide standardized disease profiles for this portion of the study.

Task b.  FY2001-2004.  Measure water quality characteristics (temperature, pH, alkalinity, heavy metals) of Wind River subbasin streams.  Naturally occurring and anthropogenically-induced variations in water quality between streams may influence the susceptibility of juvenile steelhead to H. lwoffi infestations.  Water quality characteristics such as stream temperature, pH, alkalinity, and heavy metals also influence juvenile and smolt development and survival and may determine if adults will return to a stream for spawning.  Critical assumptions of this field research include: 1) identification of necessary water quality parameters that may predispose fish to H. lwoffi infestations, and 2) correlations can be made between H. lwoffi infestations and water quality parameters, habitat characteristics, and presence/absence of introduced salmonid species.

Products: Report from USGS on the effect of environmental conditions on the distribution, prevalence, and severity of H. lwoffi infestations on salmonids in the Wind River subbasin.

OBJ-3.  FY2001-2004.  Determine the effects of H. lwoffi infestation on behavioral and physiological characteristics of smolting wild and hatchery steelhead.
This research will document how H. lwoffi may interfere with the success of smolting.  Smolt quality will be assessed using behavioral and physiological measures.

Task a.  FY2002 - 2004.   Determine whether H. lwoffi interferes with smolt performance as measured by behavioral and physiological parameters under laboratory conditions.  

Healthy and H. lwoffi infested Skamania Hatchery steelhead will be compared. Critical assumptions of this portion of the study are the same as in OBJ-1: 1) H. lwoffi can be successfully introduced to hatchery steelhead in the laboratory by horizontal transmission from infested fish or water, 2) availability of hatchery steelhead for experiments, and 3) hatchery steelhead will serve as an appropriate surrogate for wild steelhead.  Laboratory studies will require age-1 and age-2 hatchery steelhead, a specially designed tank to observe migratory behavior, a microplate reader to examine blood and gill samples to monitor physiological quality, and a microtome to examine the morphological impacts of H. lwoffi on respiration and osmoregulation (physiological smolt quality).  Behavioral and physiological measures of smolting will include: 1) expression of downstream migration, 2) physiological tolerance to seawater, and 3) endocrine and biochemical indicators of smolting.

Behavioral performance of control and infested fish will be quantified using a Behavioral Evaluation Tank (BET) (Zydlewski et al., in review).  This system employs an annular tank with circulating water.  Two antennas will fit in a narrow portion of each tank. Prior to smolting, 60 fish from each treatment group will be randomly placed into a BET.  When in the field of an antenna, the tag will be energized and the reader number, date, time, and tag number will be recorded on a computer.  If a fish moves past antennas with the flow the movement will be considered downstream.  Fish will be monitored February through April. Subsequent to behavioral evaluation, fish will be assessed for seawater tolerance via direct transfer seawater challenge (35 ppt seawater for 24 hours).  After 24 hours, gill and blood samples will be taken to measure gill Na+ K+ ATPase activity, plasma Na+ and plasma Cl- concentrations as measures of seawater tolerance and smolt condition. 

The physiological characteristics of smolting (Hoar, 1988) will be measured on healthy and infested hatchery steelhead.  In healthy smolts gill Na+K+ ATPase activity (Zaugg, 1981) and chloride cell number (Langdon & Thorpe, 1985) generally increase.  Similarly, cortisol and thyroid hormone levels increase during smolting (Dickhoff et al., 1982; McLeese et al., 1994) while prolactin levels decrease (Prunet & Boeuf, 1989).  The effect of infestation on gill morphology will also be monitored.  In addition to evaluating these parameters in fish used for behavioral analyses above, a control group and H. lwoffi infested group of 0+ hatchery steelhead will be maintained in the laboratory.  Twenty fish from each of four tanks (2 tanks per treatment group) will be lethally sampled on 4 occasions from March through April to evaluate the effect of infestation on the physiological indices of smoltification.

Products:  Report from USFWS on smolt quality and performance of H. lwoffi-infested and un-infested Skamania Hatchery steelhead under laboratory conditions.

Task b.  FY2002-2004.  We will conduct field research to investigate the effects of H. lwoffi infestations on smoltification and smolt quality in wild juvenile steelhead.  H. lwoffi infestations may interfere with parr to smolt development either by blocking or retarding physiological development of smoltification, or smoltification may increase the susceptibility of juvenile fish to H. lwoffi infestation under certain environmental conditions.  Smolt assessment of wild juvenile steelhead will be done at three screw traps installed in the Wind River watershed during spring emigration and in conjunction with field monitoring by the BPA-funded Wind River watershed project during their routine summer field sampling.  Non-lethal sampling methods to evaluate smoltification include skin reflectance (Haner et al., 1995), body morphology analysis (Beeman et al., 1994, 1995) and gill ATPase (Schrock et al., 1994).  Since juvenile salmonids are routinely pit-tagged during field sampling operations, we may be able to use recapture data to analyze inter-annual patterns of length, weight, and presence and severity of H. lwoffi infestations with the age at smoltification.  Critical assumptions of this portion of the research include: 1) adequate numbers of fish can be recaptured to provide data for inter-annual comparison, 2) H. lwoffi infestations will not interfere with accurate measurement of smolt indices, and 3) adequate numbers of smolting steelhead with H. lwoffi infestations can be collected.  Statistical analysis will be done using three-way ANOVA and include interactions of stream temperature on smoltification.

Products:  Report from USGS on smolt quality and the prevalence and severity of H. lwoffi infestations on smolting wild juvenile steelhead collected in Wind River smolt traps.
g. Facilities and equipment
The Columbia River Research Laboratory in Cook, WA will provide the necessary laboratory space and laboratory and field equipment for this study.

Abernathy Fish Technology Center (AFTC) in Longview, WA will provide the necessary laboratory and office space to fulfill Objective 4 of this study.  AFTC will provide equipment for plasma ion analysis and microscopic examination of processed gill tissue.  AFTC has adequate water resources to maintain test subjects on site including facilities for saltwater challenge.  AFTC will provide vehicles for necessary travel.  Materials for specially designed tanks will need to be purchased and tanks constructed on site at AFTC or the Columbia River Research Laboratory.  To examine endocrine parameters and seawater tolerance via an enzyme assay (gill Na+ K+ ATPase activity) a microplate reader will need to be purchased.  To examine morphological changes in the gills associated with parasite infection a microtome will need to be purchased.

The Lower Columbia River Fish Health Center will provide the laboratory space, materials, and personnel to perform standardized disease profiles of juvenile steelhead from the Wind River Subbasin.
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Name                        Employer          Title                                          Hours to be funded

Patrick J. Connolly   USGS               Research Fisheries Biologist                   320 

                    Duties:  Project Administration

Sally Sauter              USGS               Fishery Biologist                                    1,040

                    Duties: wet lab investigations on feeding behavior, coordination of and assistance with field sampling, laboratory analysis of field samples, data analysis, and report preparation.

Gayle Zydlewski      USFWS            Fishery Biologist                                      206

Susan Gutenberger   USFWS            Project Director, Microbiologist     0 (all in-kind) 

                    Duties:  Provide standardized disease profiles for fish brought to LCRFHC.

Resume for:  Patrick J. Connolly

Experience
1997-Present
Research Fishery Biologist, U.S. Geological Survey, Biological Resources Division, Columbia River Research Laboratory, Cook, WA.


Current responsibilities:  Principle Investigator on research project to monitor juvenile steelhead populations, determine life history aspects, and limiting factors to production in the Wind River watershed (WA).

1994-1997
Consultant to Wind River Restoration Team, WA.

1990-1996
Research Assistant, Oregon State University, Corvallis.

1988-1991
Fish Biologist--Subbasin Planner, Oregon Dept. Fish & Wildlife, Corvallis.

1987-1988
Fish Biologist--Research, Oregon Dept. Fish & Wildlife, Columbia River Research, Clackamas, OR.

1985-1987
Fish Biologist, Beak Consultants Inc., Portland, OR.

1984-1985
Fishery Biologist, U.S. Fish and Wildlife Service, National Fisheries Research Center, Columbia River Field Station, Cook, WA. 

1983
Fish Habitat Surveyor, Idaho Transportation Dept., Coeur d’Alene, ID.

Education:


School





    Degree and Date Received
Oregon State University, Corvallis

    Ph.D.  Fisheries Science, 1996

University of Idaho, Moscow


    M.S.   Zoology, 1983

Centre College of Kentucky, Danville

    B.S.    Biology, 1977

Expertise:  The primary areas of my expertise include stream fish ecology and population dynamics.  I have contributed to numerous studies involving anadromous and resident salmonids as well as non-salmonids of the Pacific Northwest.

Publications and Reports (five most relevant)

Connolly, P.J.  1999.  Juvenile steelhead and rearing conditions.  Pages E1-E20 in P.J. Connolly, editor.  Wind River watershed project. Volume I, Project number 9801900, Prepared for: Bonneville Power Administration, Portland, Oregon.
Connolly, P.J., and J.D. Hall.  1999.  Biomass of coastal cutthroat trout in unlogged and previously clear-cut basins in the central Coast Range of Oregon.  Transactions of the American Fisheries Society.  128:890-899.

Connolly, P.J.  1997.  Status of juvenile steelhead rearing in Trout and Panther creeks of the Wind River Basin.  Prepared for:  Washington Trout, Duvall, WA.

Connolly, P.J.  1997.  Influence of stream characteristics and age-class interactions on populations of coastal cutthroat trout.  Pages 173-174 in J.D. Hall, P.A. Bisson, and R.E. Gresswell, editors.  Sea-run cutthroat trout: biology, management, and future conservation.  Oregon Chapter, American Fisheries Society, Corvallis.

Connolly, P.J.  1996.  Resident cutthroat trout in the central Coast Range of Oregon:  logging effects, habitat associations, and sampling protocols.  Doctoral thesis, Oregon State University, Corvallis.

Resume for:  Sally Sauter
Experience

1993-Present      Fishery Biologist, USGS-BRD, Columbia River Research Laboratory,

                           Cook, WA

                          Current Responsibilities:  Plan, design, coordinate, and implement wet

                          lab experiment and field collections to investigate large-scale growth 

                          patterns of northern pikeminnow.  Development and analysis of a non-

                          lethal RNA/DNA ratio laboratory assay for growth determination in fish.  

                         Analysis of field data on growth of northern pikeminnow and brook trout.  

                         Current responsibilities also include technical participation in an EPA 

                         pilot project to develop water temperature criteria protective of native 

                         salmonids in the Pacific Northwest.

1989-1993        Biological Technician, USFWS, Columbia River Field Station, Cook, 

                          WA.

Education:         School                                     Degree and Date Received
                          University of Idaho                 B.S. Bacteriology, 1978

                          Portland State University        M.S. Biology, 1996

Expertise:
My primary areas of expertise are in the thermal biology, physiology, and behavior of juvenile salmonids as well as diet and bioenergetics work on northern pikeminnow.

Publications:

Shively, R.S., T.P. Poe, and S.T. Sauter. 1996.  Feeding response by northern squawfish to a hatchery release of juvenile salmonids in the Clearwater River, Idaho.  Tran. Am. Fish. Soc. 125:230 - 236.

Sauter, S.T., S.R. Gray, and C.N. Frost. 1994. Report A: Significance of predation in the Columbia River from Priest Rapids Dam to Chief Joseph Dam. In: Burley, C.C. and Poe, T.P. (eds.) 1994. Significance of predation in the Columbia River from Priest Rapids Dam to Chief Joseph Dam: Predator Consumption Indexing. Report of work prepared for Chelan County, Douglas County, and Grant County Public Utility Districts. 

Schrock, R.M., J.W. Beeman, P.V. Haner, K. Hans, J. Hotchkiss, S.T. Sauter, S. Vanderkooi, and A.G. Maule. 1998. Assessment of smolt condition for travel time analysis, Summary Report 1987-1997. Report of work prepared for Bonneville Power Administration, Contract number DE-A179-87BP35245.

Petersen, J.H., C. Barfoot, S.T. Sauter, D. Gadomski, P.J. Connolly, and T.P. Poe. 1999. Predicting the effects of dam breaching in the lower Snake River on predators of juvenile salmon. Report of work prepared for U.S. Army Corps of Engineers, Walla Walla District.

Sauter, S.T., L.I. Crawshaw, and A.G. Maule. in review.  Thermoregulatory behavior of spring and fall chinook salmon during smolt development.  Environmental Biology of Fishes.

Resume for:  Gayle Barbin Zydlewski

Experience

1999-Present      Research Fish Biologist, USFWS, Abernathy Fish Technology Center,

                           Longview, WA

Current Responsibilities:  To develop innovative fish culture methods in support of restoration and recovery initiatives; investigate relationships between juvenile rearing strategies and adult return rates at Regional fish hatcheries; determine the effects of modifications and enhancements to hatchery rearing environments on fish growth, behavior, and survival; develop new approaches to investigate the extent of interactions between hatchery-reared and wild fish; and evaluate restoration and recovery strategies for certain populations in decline.  These duties revolve around the use of behavioral (assessment of downstream movements of smolts) and physiological (biochemical and endocrine) techniques to assess the above listed strategies.

1997-1999  Postdoctoral Research Associate, USGS/BRD, Conte Anadromous Fish 

                    Research Center, Turners Falls, MA
        Responsibilities:  I conducted research to determine whether environmental 

        factors which control the physiology of smolting also affect downstream 

        migratory behavior of Atlantic salmon smolts. I also worked to determine the 

        influence of endocrine changes (exogenous thyroid hormones, cortisol, 

        growth hormone, prolactin) throughout smolting and the initiation of 

        downstream migration.  This research involved maintenance of Atlantic 

        salmon parr and smolts for experimental studies, technical training in fish 

        physiology (nonlethal gill biopsies, Na+-K+ ATPase activity assays, 

        radioimmunoassays, ion analysis) and development of passive integrative 

        transponder (PIT) systems for quantifying behavior in the laboratory and 

        field. 

Education:     School                                     

Degree and Date Received
 
          Southeastern Massachusetts University 

B.S., 1990
 
          University of Rhode Island



M.S., 1992


          University of Maine




Ph.D., 1996

Expertise:
My primary areas of expertise are in the physiology and behavior of migration of diadromous fishes.

Publications:

Zydlewski, G.B., A.J. Haro, K.G. Whalen, & S.D. McCormick.  In review.  Performance of stationary and portable Passive Transponder (PIT tag) detection systems for monitoring fish movements in streams and rivers.  Journal of Fish Biology.

Zydlewski, G.B., S.D. McCormick, & A.J. Haro. in review. The role of temperature in downstream migratory behavior of Atlantic salmon smolts.

Barbin, G.P., S.J. Parker, & J.D. McCleave. 1998. Olfactory clues play a critical role in the estuarine migration of silver-phase American eels. Environmental Biology of Fishes 53: 283-291.

Barbin, G.P. 1998. The role of olfaction in homing and estuarine migratory behavior of yellow-phase American eels. Canadian Journal of Fisheries and Aquatic Sciences 55: 564-575.

Barbin, G.P. & J.D. McCleave. 1997. Fecundity of the American eel at 45°N in Maine, U.S.A. Journal of Fish Biology 51(4): 840-847.

Pettigrew, N.R., D.A. Kistner, G.P. Barbin, A.K. Laursen, D.W. Townsend, & J. Christensen. 1997. Somes Sound: fjord or well-mixed estuary? Northeastern Naturalist 4(1): 35-44.

Barbin, G.P. & W.H. Krueger. 1994. Behaviour and swimming performance of elvers of the American eel, Anguilla rostrata, in an experimental flume. Journal of Fish Biology 45: 111-121.

Resume for: Susan K. Gutenberger
Experience
1996 - Present
Supervisory Microbiologist/ Project Leader, U.S. Fish & Wildlife Service, Lower Columbia River Fish Health Center, Underwood, WA.

Current responsibilities:  Supervise personnel, operations, and studies of a fish health diagnostic laboratory serving seven hatcheries and the Abernathy Fish Technology Center.  Direct field and lab operations for wild fish health surveys in Washington and Oregon. 

1993 - 1996
Post-doctoral position and private consultant, Oregon Cooperative Fisheries Research Unit, Oregon State University, Corvallis, OR. 

1987 - 1993
Research Assistant, Oregon State University, Corvallis, OR.

1985 - 1986
Research Biologist-technician, Oregon Regional Primate Center, Aloha, OR.

1983 - 1985
Fishery Biologist, U.S. Fish and Wildlife Service, National Fisheries Research  Center, Columbia River field Station, Cook, WA.

1976 - 1983
Research Biologist-Technician, Dept. Veterinary Science, University of Idaho,  Moscow.

Education
School






Degree and Date Received
Oregon State University, Corvallis

Ph.D.  Microbiology, 1993

University of Idaho, Moscow


M.S.    Veterinary Science, 1983

University of Idaho, Moscow


B.S.     Microbiology, Zoology, 1976

Expertise: Research and diagnostics of fish disease in hatchery and wild fish.  Work includes studies on infectious pathology, physiology, immunology, and pharmacology as well as involvement in day-to-day operations of hatcheries and the fisheries of the Columbia Basin.  

Publications and Reports (five most relevant)
Gutenberger, S.K., and K. Lujan.  1999 and 2000.  Accomplishment reports, 1998 and 1999, National Wild Fish Health Survey, Lower Columbia River Fish Health Center.  Prepared for:  U.S. Fish and Wildlife Service, Washington office.   

Bowker, J., S.K. Gutenberger, M. Peters Swihart, D. Erdahl, and D.Dysart.  1999.  A clinical field trial to evaluate the efficacy of 10 and 14 d administration of oxytetracycline medicated feed to control mortality caused by cold water disease in young coho salmon.  Submitted to FDA for drug approval process.

Gutenberger, S.K., E. Pelton, M. Peters Swihart, K. Lujan, and T. Kerr.  1998.  Annual Report for the Lower Columbia River Fish Health Center.  Prepared for U.S. Fish and Wildlife Service Regional Office and field stations.  

Gutenberger, S.K., J.R. Duimstra, J.S. Rohovec, and J.L. Fryer.  1997.  Intracellular Survival of Renibacterium salmoninarum in trout mononuclear phagocytes.  Dis. Aquat. Org.  28:93-106.  

Schreck, C.B., and S.K. Gutenberger.  1996.  Effects of balloon tags on physiological indices and swimming performance of chinook salmon juveniles.  Consultation project for private comp
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