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a. Abstract 
This project will investigate fundamental biological questions related to developmental differences between wild, natural, and hatchery salmonids.  A major component of stock-specific reproductive success (e. g. hatchery versus wild stocks) is freshwater survival of eggs, fry, and smolts.  A major difference between the early rearing environment of hatchery and wild fish is the source water: ground or surface water.  During early development, biotic and abiotic characteristics of the aquatic rearing environment determine immune competence and disease resistance.  The goal of this project is to determine if basic water chemistry and background levels of natural immunostimulants in rearing water sources affect early development of immune response, disease resistance, and long-term survival of eggs, fry, and smolts in relation to adult returns.   The research will determine: 1) if exposure to different water sources affects physiological condition, immunological factors, and survival; 2) if fish from different stocks demonstrate different ranges of immunological response and disease resistance based on the rearing environment; and 3) new rearing techniques for fish reared in ground water.  This information is of immediate importance, because development under some hatchery water quality regimes could result in fish of poor quality with disease susceptibilites that differ from wild fish, leading to differential genetic selection and survival throughout the life history.  This information will complement the objectives of other projects that are investigating how genetic inheritance or physical characteristics of semi-natural rearing environments affect development, behavior, and long-term survival of wild or natural, hatchery, or wild/hatchery crosses.  Results are of special importance to wild and captive broodstock programs for conservation or restoration that need to design natural rearing protocols for supplementation or restoration of naturally spawning populations, to insure that fish that are raised in aquatic conditions that optimize long-term survival.  
b. Technical and/or scientific background

The project addresses the need to determine the difference between genetically and environmentally determined survival differences between wild and hatchery fish at all life stages, as a measurement of reproductive success (RPA 182).  The project will focus on the early rearing environment, specifically biotic and abiotic water quality characteristics that differ between surface and groundwater.  This is one of the most significant differences in the aquatic environment experienced by wild and hatchery fish.  Results will provide information related to extra mortality (RPA 188) and complement other ongoing projects that focus on genetic differences between wild and hatchery fish (Reisenbichler  and Rubin 1999, Reisenbichler 1998).  Combined with reports of behavioral differences between wild and hatchery fish (Berejikian et al. 1997, 1999, 2001), especially those based on physical differences in the rearing environment (Maynard et al. 1995, 1996, 1998), our understanding of the ecological interactions that promote long-term survival will be expanded.
     The listing of large numbers of Columbia Basin salmonid stocks under the Endangered Species Act (ESA), and the new roles for hatcheries described in the 2000 Federal Columbia River Power System 2000 Biological Opinion, support research to identify the basis for differences in survival of wild and hatchery stocks (Waples et al. 2002, NMFS 1999, Reisenbichler and Rubin 1999).  Historically, hatcheries developed rearing methods to maximize early survival for release of large numbers of fish.  However, it is recognized that despite much lower juvenile survival, wild populations may display higher long-term survival.  Fish evolved in the aquatic environment and their non-specific immune system recognizes fungal cell wall β-glucans, among other microbial polymers that occur naturally in surface water (Robertsen 1999).  The majority of hatcheries use groundwater from springs, wells, galleries or mixtures of water sources, however, the long-term effects of rearing salmonids in groundwater have not been investigated in relation to condition and survival at all life stages.  Water quality standards are well established for hatcheries (USFWS 1998, Wedemeyer 2001) and the hatchery environment is hygienic compared to natural habitat.  Higher fish loading densities and reduced flow compared to natural rearing habitats can create health problems in hatcheries using untreated surface water, therefore groundwater is preferred.  In contrast, wild fish populations suffer high early mortality in an uncertain natural environment where climatic, hydrologic, or anthropogenic events can occasion massive losses.  The proposed research will help establish if biotic and abiotic characteristics of surface water contribute to the development of physiological and immunological fitness that affects survival at individual life stages. The maladaption of hatchery stocks to natural environments is reportedly based on health, morphological, and behavioral changes that combined, result in loss of fitness for the natural environment after release.  Our goal is to provide fishery managers with basic biological information that will help determine optimal ecological rearing environments for different species and stocks. 

     The Assessment of Smolt Condition: Biological and Environmental Interactions has conducted research, monitoring and evaluation activities for the Fish and Wildlife Program for fifteen years.  Cooperative research and technical assistance activities with federal, state, and Tribal fishery has resulted in project participation in fish production projects to assess the effects of temperature, altered rearing and release strategies, or commercial immunostimulants on fish growth, condition, and survival (search project reports for 1987401 at: http://www.efw.bpa.gov/cgi-bin/ws.exe/websql.dir/FW/PUBLICATIONS/QueryPublications.pl    Results of investigations of immune factors during smoltification and the adult migration suggest that immune competence changes over the life history and that differences among species exist (Maule et al. 1996, Schrock et al. 2001).  A survey of hatcheries sampled during the project revealed that a variety of water sources were used for hatcheries rearing the same species, and that no comparison of physiological and immunological development had been made in relation to differences in abiotic and biotic characteristics between ground and surface water.  Although individual water quality constituents have been investigated in relation to minimal water quality standards for fish culture, the long-term effects of early develop in ground and surface water have not been compared.  We propose, therefore, to compare developmental attributes of fish of the same genetic origin, and fish of different genetic origin reared in different controlled environments.  Physiological and immunological development will be compared at different life history stages after controlled immunostimulant exposures to quantify the effects of the different rearing environments.

     Research will be conducted at a hatchery where a local naturally spawning population exists.  Ideally, genetic analysis will have confirmed the similarity, or distance between the hatchery and wild population.  Experimental design will allow determination of: 1) individual responses to different rearing environments, 2) stock response to different rearing environments, 3) wild versus hatchery stock response, and 4) separation of genetic from environmental effects. Entiat National Fish Hatchery has indicated that the project could be accommodated during 2003-2005 and preliminary testing of experimental equipment and protocols is in progress.  Uncertainty exists about access to the local, naturally spawning populations, however, that activity was not scheduled for the first year and should allow ample time for necessary permitting.  Furthermore, marking for the project will be coordinated with regional coded wire tag and PIT tagging efforts.  The project will also be prepared to cooperate with other projects that are comparing reproductive success between wild and hatchery populations. 
c. Rationale and significance to Regional Programs

This Research, Monitoring, and Evaluation (RM&E) project proposes to investigate the early rearing environment in relation to long-term survival of salmonids stocks.  The project assists in meeting recovery standards for Columbia Basin salmonids by focusing on an aspect of development that has been overlooked, and that may have far reaching effects on the long-term survival of wild broodstock reared in hatcheries or captive broodstock programs, and for hatchery stocks (Goal 1).  The project will investigate environmental influences on early development in salmon and steelhead, especially the interactions of biological and chemical components of water on immunological and physiological characteristics that contribute to smoltification, disease resistance, and ultimately, long-term survival.  Results will meet biological objectives and avoid jeopardy by providing quantitative information about how constituents of different source waters direct the range of physiological and immunological response of different fish species and stocks within those species.  Furthermore, by comparing fish from known genetic stocks, valuable information about phenotypic expression in different environmental conditions will be gained.

     The project will contribute to regional efforts to develop a hatchery RM&E program (RPA 184) and to determine critical uncertainties related to “extra mortality” (RPA 188).  Information on differences in development and survival during the early life history of wild and hatchery salmonids (RPA 199; RA 1036, 1193) will contribute to determining the reproductive success of hatchery fish in comparison to wild fish (RPA 182).  Determination of the relative reproductive success of hatchery fish compared to wild fish can be investigated at each life stage (egg, larva, fry, parr, smolt and adult).  Measures of reproductive success include fertilization and hatching rates; egg number, size and viability; and survival of progeny to various life stages.  Physiological and behavioral fitness of progeny are part of reproductive success and can be measured by successful emigration, ocean survival, and smolt-to-adult returns (SAR).  The proposed research will identify environmental factors that affect life cycle survival on a stock or site-specific basis to augment genetic information relative to wild and hatchery stocks in conservation programs.  Detailed information about biological and environmental interactions that promote physiological fitness will compliment available genetic information, and behavioral information from natural rearing projects, such as NATURES.  

     The purpose of the proposed research is to determine how biotic and abiotic characteristics of surface waters that are not found in ground water contribute to the development of long-term fitness.  The project will systematically compare the physiological and immunological response of fish of known hatchery and wild origin to controlled environmental conditions.  The proposed research will investigate how the biochemical environment affects physiological and immunological competence during specific juvenile life history stages as a measure of reproductive success. The immune systems of fish are not fully developed at the time of birth, but develop during early life through exposure to naturally occurring substances in surface waters (Alexander and Ingram 1992, van Muiswinkel 1992, Robertsen 1999).  The timing and content of these exposures are critical to the development of immune competence (e.g., vaccines are not effective in very young fish).  Effects of the early rearing environment on stress response, immune function and disease resistance have been reported in juvenile salmonids (Salonius and Iwama 1993), however, the role of biotic and abiotic characteristics of the aquatic environment were not considered.  Results of the research will contribute to an understanding of differences in the persistence of wild and hatchery populations over time.  Additional benefits for artificial production programs may be explicit information about critical life stages to optimize ecological conditions for specific fish stocks to promote long-term survival, a critical uncertainty for conservation fisheries.

     The proposed research builds on the project history that includes extensive monitoring and evaluation of hatchery fish during rearing, release and emigration. That multiple-year study of marked hatchery and wild outmigrants detailed differences in migration rates and disease levels in relation to physiological status, river flows, and water temperatures (Assessment of Smolt Condition: Biological and Environmental Interactions, BPA Project 198740100).  However, annual variability in migration behavior, rate, or survival was not explained solely by stock origin, or by environmental variables.  The evolution and ecology of anadromous salmon and steelhead populations is a result of the effects of environmental variability across their ecosystem range.  Variations in the natural salmonid life history are closely linked with environmental differences among spawning and rearing sites that are not limited to physical characteristics, but include water source and composition (biotic and chemical characteristics) and temperature regimes.  The research applies known immunological mechanisms in fish, on a practical level in the hatchery and field to further our understanding of environmental influences on early development and long-term survival.  The project will use controlled immunostimulant exposures at specific early life history stages in a novel application to test immune development.  Important information about the adaptability of individual stocks to specific environmental conditions will be gained.  The work is technically feasible, however, production level studies require much larger sample sizes to be statistically sound, and investigations of long-term survival extend the study period to the full salmon-life-cycle.  The project supports reasonable prudent alternatives of the NMFS and USFWS Biological Opinions and the Implementation Plan by directly addressing critical needs to understand differences in survival among wild and hatchery salmonid populations, thereby supporting Federal trust and treaty responsibilities to protect, conserve and restore threatened and endangered species.

d. Relationships to other projects 
Project results will provide information relevant to all projects that are investigating survival of salmonid populations in the Columbia River Basin.  Our approach is to investigate wild and hatchery populations to help determine the significance of differences in the early rearing environment on long-tem survival.  Results will provide the following information for three priority actions proposed for RPAs 175 and 184 under the draft Artificial Production Program: 1) remediation measures to improve deficiencies in early rearing environments for captive brood stocks, 2) determine if the early rearing environment may affect reproductive success of adult-releases from captive brood stock programs by influencing the condition and survival of progeny, and 3) determine if the hatchery environment can be modified to compensate for differences from the natural environment.  Results would further contribute to efforts toward other hatchery reforms (RPA 184) by providing information complimentary to behavioral results from NATURES studies, to determine if ecological interactions that influence phenotypic development, especially those based on the water source, can be modified in the hatchery environment.  The research will provide some useful incidental information on factors that may affect domestication selection or adaptation, including stock specific information about optimal, controlled environments (RPA 182).  Fish from the project will also provide background information related to temperature stress during emigration (RPA 142), by providing detailed rearing records from a variety of controlled environments, including temperature history, of marked fish released to outmigrate.  Fish from the early rearing studies could also be provided as research fish for transportation studies, allowing comparison of juvenile fish from a range of controlled conditions representative of hatchery and wild rearing environments (RPA 45-49, 186).

e. Project history (for ongoing projects) 

a) Project 198740100, the Assessment of Smolt Condition has existed under that name since its inception in 1987. The project provides scientific support to regional hatcheries and fish management agencies by evaluating the developmental biology of juvenile salmonids to address critical questions related to the physiological development and condition of salmonids (Gannam and Schrock 1999, 2001; Maule et al.1996a, b; Maule and VanderKooi 1999; Sauter et al. 2001; Schrock et al. 1998, 1999, 2000, 2001; VanderKooi and Maule 1999). Until 1995 the project provided information about the physiology and health of migrating juvenile salmonids, related to in-season management of the Water Budget, with an emphasis on determining what factors influence migration rates through the mainstem.  In 1995 the project was asked to add objectives related to gas bubble trauma monitoring, and in 1997 a separate project was formed for that purpose.  Formerly serving the Fish Passage Center Smolt Monitoring Program, since 1996 the project has cooperated on hatchery and management projects related to rearing conditions, developmental biology, smolt condition and health. The current focus is production level studies to identify the influence of different feeding regimens, water sources and temperature regimes on the physiological and immunological range of response of salmonids to environmental change throughout their life history, and therefore, long-term survival. Physiological monitoring and evaluation objectives have continued in extensive science support activities for federal, state, and Tribal fisheries managers.  

b) As regional information needs changed, we continues to provide physiological information to regional fishery managers, however, the objectives of those projects had changed to determining how fish of different physiological status react to changes in the rearing environment, or to hydraulic or environmental change, or physical structures in the river.  We continued to work on cooperative research at hatcheries, and increased assistance to research projects in the tributaries and mainstem.  In the past year we have participated in two hatchery projects designed to improve fish condition and survival: 1) a test of the efficacy of natural immunostimulants in feed on mortality due to handling and vaccination, and 2) a pilot investigation of the effects of altered rearing conditions on the development of immunological competence.  We have adapted our project objectives for 2003 to answer critical questions about the influence of biotic and abiotic constituents of water sources on fish development based on preliminary results that implicate the water source as a factor in differential survival.  One project is still in progress with sampling schedule through July, and samples are still be analyzed from the other project.

c) Project reports are all found on the Bonneville Power Administration Fish and Wildlife Program website with products detailed through 1999.  As the project conducts more collaborative research, we have been asked to develop further non-lethal techniques to monitor fish condition during various rearing and handling procedures.  We are currently developing a method to detect changes in mucous lysozyme in swim-up fry and a mass-screening method to detect glucan in fish tissues.  Both methods will aid fish hatcheries in the evaluation of new artificial production techniques associated with natural rearing and feeding techniques to fulfill HGMP and RPA actions to conserve and restore Columbia Basin salmonid stocks. A preliminary study to investigate the feasibility of conducting the proposed research is in progress.  The following schematic describes the experimental setup and treatment groups.
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Treatments:  Group 1 represents normal production conditions with a spring/well water mixture at the ambient temperature.  This group provides the background measurements for the Carson stock at Entiat under routine production conditions. Group 2 is normal production conditions, with water chilled to a constant temperature representing the expected mean river water temperature for the winter. This group tests the effects of colder water temperatures on development in ground/spring water. Group 3 represents normal production conditions, but water temperature fluctuations will mimic fluctuating river temperatures.  This group tests the effects of fluctuating water temperatures on development in spring/well production water.  Group 4 represents ambient river water conditions.  This group compares development in surface water versus groundwater held at three temperature regimes represented by groups 1, 2, and 3.  Group 5 represents ambient river water temperatures, with filtration and UV irradiation to eliminate natural immunostimulants that occur in river water but not in spring/well water. This group, when compared with groups 3 and 4, will provide measurements of differences in development based on biotic components of surface waters.  Ideally, we would have an ambient river water group held at a constant cold temperature, but space limitations did not allow for this treatment. 

d) 15 years

e) Major results of the project include determination of biotic and abiotic factors on travel time of juvenile spring chinook salmon and steelhead in the Columbia and Snake Rivers. Long term analysis determined that river flow, change in flow, gill ATPase, condition factor, and water temperatures were significant variables in regressions predicting spring chinook salmon travel time.   River flow was the single significant variable describing travel time for steelhead, and travel times predicted for wild steelhead were shorter than for hatchery steelhead.  A similar analysis for Snake River spring chinook salmon identified the reciprocal of river flow, release date, and gill ATPase as significant explanatory variables in the regression.  The recognition that species and stock origin; location; physical, physiological and temporal factors all influence emigration behavior indicated further research into pre-release factors that may influence post-release performance and survival.  Variability in the growth, condition, and survival of specific stocks among years calls for an understanding of the environmental effects that govern phenotypic expression in the early life stages that allow adaptation to environmental variability during subsequent life stages to allow survival to adult to spawn.  

f) 1987-2002: 4.5M includes 0.5M for GBT monitoring in 1995-1996 before the separate project was formed.

f. Proposal objectives, tasks and methods
The purpose of the project is to provide biological information to fishery managers for remediation of rearing conditions that negatively affect early development in hatchery or wild stocks that results in reduced survival of the population.  The major goal of the project is to understand how different environmental variables affect phenotypic development, especially early immunological develop.  The proposed research is designed to identify the effects of constituents of surface waters that, absent in ground water, affect development in juvenile salmonids that may have life-cycle consequences.  The project will progressively expand investigations from the initial prioritization and genetic background review, to development of standardized production research protocols for testing of multiple stocks.  Work may eventually be expanded to in situ monitoring and evaluation of wild stocks, however, uncertainty exists about access to, and success of sampling the wild.  It is also uncertain what the effects hatchery spawning of wild fish has on egg viability, an uncertainty that supports paired experiments in the wild, and in the hatchery.  We are aware that all aspects of the natural environment cannot be mimicked in a research or hatchery setting, however, major biotic and abiotic constituents may be measured, and be replicated in a research design.  Implementation of objectives will begin with a first year of records searches for stock and genetic information necessary to the research design.  Genetic sampling and analysis will take place for the targeted stocks if the necessary information is lacking. Results from a preliminary study will also be completed during this period, greatly increasing the certainty of sample size and water quality parameter selection.  Six general task classes are found among the objectives.   

1. Science support and information transfer: 

    Objectives-tasks: 1-1.4,1.5,1.6; 2-2.4; 3-3.5; 4-4.5; 5-5.5

    The project will continue to provide science support and technical assistance to regional agencies on an as-need basis.  Smoltification assessment remains the primary request, however, increasingly immunological evaluations are requested as methods to promote natural development in hatchery stocks are explored, usually in relation to immunostimulant applications in water or feed.

2. Experimental design and implementation:

    Objectives-tasks:  1-1.1, 1.2, 1.3; 2-2.1, 2.2; 3-3.1, 3.2

    The first year will involve surveying existing genetic analyses of priority populations, completing analysis and reporting of 2002 pilot investigation.  Locations that can accommodate the hatchery research set-up will be identified, and permit procedures for the wild population will be started.  Records searches or background water quality and temperature profiles will be established for the hatchery and wild rearing periods.

3. Analysis: condition, physiology, immunology, genetic, water quality

    Objectives-tasks: 2-2.3, 2.4; 3-3.3, 3.4; 4-4.4; 5-5.4

        Water quality analysis will follow standard procedures, with emphasis on those constituents that differ between the ground and surface water during preliminary analysis the first year.

  Clesceri, L. S., A. E. Greenberg and A. D. Eaton.  1998.  Standard Methods for the Examination of Water and Wastewater.  American Public Health Association, American Water Works Association, and the Water Environment Federation, Washington, D.C.

    Physiological analyses will follow protocols established during the projects 15-year history. 

    Immunological analyses will follow methods established for fishery research, however, because early rearing stages will be sampled, methods will need to be modified for eggs, larva, and swim-up fry.  Additionally, non-lethal methods will be established to allow assessment of wild populations with minimal risks to fragile life stages. 

  Stolen, J. S., T. C. Fletcher, D. P. Anderson, B. S. Roberson and W. B. van Muiswinkel.  1990. 

Techniques in Fish Immunology, Fish Immunology Technical Communications 1.  SOS Publications, Fair Haven N.J.

  Stolen, J. S., T. C. Fletcher, D. P. Anderson, S. L. Kaattari and A. F. Rowley.  1992.  Techniques in Fish Immunology, Fish Immunology Technical Communications 2.  SOS Publications, Fair Haven N.J.

  Stolen, J. S., T. C. Fletcher, A. F. Rowley, D. P. Anderson, S. L. Kaattari, J. T. Zelikoff and S. A. Smith.  1994.  Techniques in Fish Immunology, Fish Immunology Technical Communications 3.  SOS Publications, Fair Haven N.J.

4. Monitoring and evaluation: coordinate with current CWT and PIT tag programs

    Objectives-tasks: 4-4.1, 4.2, 4.3; 5-5.1, 5.2, 5.3

     When possible, the project will coordinate with existing CWT or PIT tagging program, and  PIT tagging information will be available through Pacific States Marine Fisheries Commission (PSMFC): PIT tag data in PIT tag Information System (PTAGIS) and coded wire tag(CWT) information in the Regional Mark Information System (RMIS).  Tag return data will be shared with hatchery and field managers. Other data will be accessed from: Columbia River DART ( Data Access in Real Time); the Fish Passage Center (FPC); hatchery marking records and release data including release site, date, and duration and in-river data including percent of fish passage, travel time, and prevalence of gas bubble trauma. The Army Corps of Engineers, Northwest Division database: will provide: environmental data including forebay temperature, outflow, and total dissolved gas levels for reservoirs and dams. Later, radio tags in combination with PIT tags will be considered to allow characterization of distributions of naturally spawned juveniles to increase the certainty of matching wild juveniles to specific rearing sites.

5. Data analysis: 

    Objectives-tasks: 2-2.5, 3-3.5; 4-4.5; 5-5.5

Data will be analyzed using parametric or non-parametric methods as determined by the data.  Treatments will be compared using Analysis of Variance (ANOVA) at the 5% probability level.  Differences among treatments will be determined using multiple comparisons (post hoc) tests.  Nonparametric methods will be utilized if data remains non-normal after transformation.

6. Reporting:  

    Objectives-tasks: 1-1.6; 2-2.6; 3-3.5; 4-4.6; 5-5.6

    Results will be shared with geneticists, and other life cycle, reproductive success, and fish passage projects, especially those evaluating the same stock under any of the related RPAs.  A technical report will be generated from individual objectives, and a summary report of complete life history information will be written.  Peer reviewed journal articles will be prepared, and presentations given at the smolt workshop and other professional meetings.

g. Facilities and equipment

The Columbia River Research Laboratory (CRRL) has about 70 year-round fisheries professionals, 7 administrative staff, and regularly employs over 60 seasonal biologists and technicians.  The CRRL has three analytical laboratories totaling 1600 sq. ft. dedicated to general physiology, immunology and enzymology.   In addition to standard equipment such as centrifuges, pH meters, and balances, the laboratories are equipped with VIS-UV and reflectance spectrophotometers, enzyme-linked-immunosorbent assay (ELISA) plate readers, an ultra centrifuge, flame photometer, protein gel documentation system, and -80 C freezers.  The lab is staffed with trained technicians and biologists proficient in these techniques with backgrounds in fishery genetics, immunology, physiology, and endocrinology.  The 1500 sq. ft. wet lab facilities with 64 tanks are more than adequate to conduct any level of investigation into fish development or behavior, including studies on disease resistance, predator avoidance, thermal preference, osmoregulation, swimming performance and bioenergetics.  All of the laboratory equipment is linked to the CRRL computer network that services 80 users at CRRL and has 8 gigabytes of memory.  Computer software available for data analyses includes SAS, Excel, SigmaPlot, rBase, Statgraphics, ARCInfo, ARCView, and a variety of other word processing and data management software. The CRRL has its own T-1 line for Internet access. 

The Laboratory has systems for observing fish behavior and conducting feeding experiments, and facilities for investigating the physiology of fishes.  Offices are equipped with modern personal computers, an in-house network, a GIS laboratory, and software for statistical modeling, and spatial analyses.    

The CRRL has a fleet of over 30 boats ranging in size from 14 to 30’, and has been conducting field studies on the Columbia River since 1980.  All boats are equipped with appropriate safety equipment and operators are trained through the Department of Interior Boat Operators Certification Program.  Most boats are equipped with state-of-the-art navigational instruments and Global Positioning System receivers.  Habitat studies have been conducted on white sturgeon, juvenile chinook salmon, lamprey, northern pikeminnow, and other fishes.  Field studies often use radio telemetry, hydroacoustics, side-scan sonar, acoustic Doppler current profilers (ADCP), and other state-of-the-art methods.  Wet laboratories are equipped with well water and water from the Little White Salmon River.  Boilers provide heated water when needed.  
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Maynard, D. J., T. A. Flagg and C. V. W. Mahnken.  1995.  A review of seminatural culture strategies for enhancing the postrelease survival of anadromous salmonids.  American Fisheries Society Symposium 15: 307-314.

NMFS.  1999.  A conceptual framework for conservation hatchery strategies for Pacific salmonids.  T.A. Flagg and C.E. Nash (editors).  National Marine Fisheries Service, Northwest Fisheries Science Center, Seattle, WA. 


Press, C. McL. and Ø. Evensen.  1999.  The morphology of the immune system in teleost fishes.  Fish & Shellfish Immunology 9: 309-318.


Raa, J.  1996.  The use of immunostimulatory substances in fish and shellfish farming.  Reviews in Fisheries Science 4(3): 229-288.

Reisenbichler, R. R. and S. P. Rubin.  1999.  Genetic changes from artificial propagation of Pacific salmon affect the productivity and viability of supplementary populations.  ICES Journal of Marine Science 56: 459-466.

Reisenbichler, R.R.  1998.  Questions and partial answers about supplementation - genetic differences between hatchery and wild fish.  Pages 29-38 in E.L. Brannon and W.C. Kinsel (editors), Proceedings of the Columbia River Anadromous Salmonid Rehabilitation and Passage Symposium.  University of Idaho, Moscow.


Robertsen, B.  1999.  Modulation of the non-specific defense of fish by structurally conserved microbial polymers.  Fish & Shellfish Immunology 9: 269-290.


Sakai, M.  1999.  Current research status of fish immunostimulants.  Aquaculture 172(1-2): 63-92.


Salonius, K. and G. K. Iwama.  1993.  Effects of early rearing environment on stress response, immune function, and disease resistance in juvenile coho (Oncorhynchus kisutch) and chinook salmon (O. tshawytscha).  Canadian Journal of Fisheries and Aquatic Sciences 50: 759-766.


Schrock, R. M., S. D. Smith, A. G. Maule, S. K. Doulos and J. J. Rockowski.  2001.  Mucous lysozyme levels in hatchery coho salmon (Oncorhynchus kisutch) and spring chinook salmon (O. tshawytscha) early in the parr-smolt transformation.  Aquaculture 198: 169-177.


Strand, H. K. and R. A. Dalmo.  1997.  Absorption of immunomodulating beta (1,3)-glucan in yolk sac larvae of Atlantic halibut, Hippoglossus hippoglossus (L.).  Journal of Fish Diseases 20(1): 41-49.

USFWS.  1998.  Fish Hatchery Management.  American Fisheries Society, Bethesda, MD.


van Muiswinkel, W. B.  1992.  Fish immunology and fish health.  Netherlands Journal of Zoology 42(2-3): 494-499.

Waples, R.S., M.J. Ford, and D. Schmitt.  2002.  Empirical results of salmon supplementation: a preliminary assessment.  In, T. Bert, ed.  Ecological and Genetic Implications of Aquaculture Activities.  Kluwer Academic Publishers [in press]. 

Wedemeyer, G.A.  2001.  Fish Hatchery Management, Second Edition.  American Fisheries Society, Bethesda, MD.

Weyts, F. A. A., N. Cohen, G. Flik and B. M. L. Verburg-van Kemenade.  1999.  Interactions between the immune system and the hypothalamo-pituitary-interrenal axis in fish.  Fish & Shellfish Immunology 9: 1-20.
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Robin M. Schrock, Research Fishery Biologist.  1FTE

U. S. Geological Survey, Columbia River Research Laboratory.  

5501A Cook-Underwood Rd., Cook, WA 98605 

(509) 538-2299 x 231; (509) 538-2843 (FAX); Robin_Schrock@usgs.gov
Present Position: Research Fishery Biologist, Principal Investigator, Columbia River Research Laboratory, U. S. Geological Survey-Biological Resources Division, 5501 A Cook-Underwood Road, Cook, Washington 98605. 1987 until present. 

Education and Training:  

     
M.S.  Fisheries (Genetics)- Natural Resource Management, 1986,University of Wisconsin-SP 

B.A.  Biology and German, 1982, Portland State University, OR

Diploma Medical Technology, 1975,School for Medical Technologists, Bern, Switzerland

Research Specialties: Rearing methods, smoltification, and survival of salmonids.

Physiological assessment: biochemistry and immunology. Water Quality Analysis.

Genetics. Laboratory Technology

Peer reviewed publications:

Schrock, R.M., J.W. Beeman, D.W. Rondorf, and P.V. Haner. 1994. A microassay for gill sodium, potassium-activated  ATPase in juvenile Pacific salmonids. Transactions of the American Fisheries Society 123:223-229.
Haner, P.V., J.C. Faler, R.M. Schrock. D.W. Rondorf, and A.G. Maule. 1995. Skin reflectance as a non-lethal measure of smoltification for juvenile salmonids. North American Journal of Fish Management. 15:814-822.

Maule, A.G., R. M. Schrock, C. Slater, M. S. Fitzpatrick, and C. B. Schreck. 1996. Immune and endocrine responses of adult spring chinook salmon during freshwater migration and sexual maturation. Fish and Shellfish Immunology 6:221-233.

Gannam, A. L. and R. M. Schrock.  1999.  Immunostimulants in Fish Diets.  Journal of Applied Aquaculture 9(4):53-89.

Martinelli Liedtke, T. L, R. S. Shively, G. S. Holmberg, M. B. Sheer, and R. M. Schrock. 1999  Nonlethal gill biopsy does not affect juvenile chinook salmon implanted with radio transmitters.  North American Journal of Fisheries Management 19:850-859.

Schrock, R. M., S. D. Smith, A. G. Maule, S. K. Doulos, and J. J. Rockowski.  2001.   Mucous lysozyme levels in hatchery coho salmon (Oncorhynchus kisutch) and spring chinook salmon (O. tshawytscha) early in the parr-smolt transformation.  Aquaculture 198:169-177.

Gannam, A. L. and R. M. Schrock.  2001.  Immunostimulants in Fish Diets. In “Nutrition and Fish Health” (C. Lim and C. D. Webster, eds.). The Haworth Press, New York.

ALEC G. MAULE, Research Physiologist,  0.25 FTE

USGS-BRD, Columbia River Research Laboratory.       5501A Cook-Underwood Rd. (509) 538-2299 x 239; (509) 538-2843 (FAX); alec_maule@usgs.gov.

Education: B.A., University of California, Riverside (Psychology) 1969; B.S., California Polytechnic University, San Luis Obispo (Natural Resource Management) 1979; M.S., Oregon State Univ. (Fisheries Science) 1982; Ph.D., Oregon State Univ. (Fisheries Science) 1989.

Professional Experience: Associate Professor of Fisheries (Courtesy), OSU (1991-present)


Adjunct Associate Professor of Biology, Portland State University (1992-present).

Publications (most recent 10 of 39)

Maule, A.G. and S.V. VanderKooi. 1999. Stress-induced immune-endocrine interactions.  pp. 205-245  in P. Balm (ed.) Stress Physiology in Animals. Sheffield Academic Press. Sheffield, UK.

Mesa, M.G., A.G. Maule, and C.B. Schreck.  2000.  Interaction of bacterial kidney disease and physical stress in juvenile chinook salmon: physiological responses, disease progression, and mortality. Transactions American Fisheries Society 129:158-173.

Mesa, M.G., L.K. Weiland, and A.G. Maule.  2000.  Progression and severity of gas bubble trauma in juvenile salmonids.  Transactions American Fisheries Society. 129: 174-185.

Patiño, R., Z. Xia, W.L. Gale, C. Wu, A.G. Maule, and X. Chang. 2000. Novel transcripts of the estrogen receptor ( gene in channel catfish. General & Comparative Endocrinol. 120:314-325.

Harrahy, L.N.M., C.B. Schreck, and A.G. Maule. 2001. Antibody-producing cells correlated with body weight in juvenile chinook salmon (Oncorhynchus tshawytscha) acclimated to optimal and elevated temperatures. Fish & Shellfish Immunology 11:653-659.

Sauter, S.T., L.Crawshaw, and A.G. Maule. 2001. Behavioral thermoregulation in spring and fall chinook salmon, Oncorhynchus tshawytscha, during smoltification. Environmental Biology of Fishes 61:295-394. 

Beeman, J.W., and A.G. Maule. 2001. Residence times and diel passage distribution of radio-tagged juvenile spring chinook salmon in a gatewell and fish collection system of a Columbia River dam. North American Journal of Fisheries Management 21:455-463.

Schrock, R.M., S.D. Smith, and A.G. Maule. 2001. Profiles of mucus lysozyme during smoltification of coho salmon and spring chinook salmon. Aquaculture 198:169-177.

VanderKooi, S.P., A.G. Maule, and C.B. Schreck. 2001. The effects of electroshock on immune function and disease progression in juvenile spring chinook salmon. Transactions of the American Fisheries Society. 130:397-408.

Balfry, S.K., A.G. Maule, and G.K. Iwama. 2001. Coho salmon Oncorhynchus kisutch strain differences in disease resistance and non-specific immunity, following immersion challenges with Vibrio anguillarum.  Diseases of Aquatic Organisms 47:39-48.

Current Projects:  

(1) Gas bubble disease in resident fish below Grand Coulee Dam. Funded by USGS and Bureau of Reclamation. Dates: FY99 - FY02.  

(2) Gas bubble disease and monitoring of juvenile salmonids. Funded by BPA.  Dates: April 96 to March 03.  

(3) Endocrine disrupting chemicals and reproduction in white sturgeon. Collaborative study with Martin Fitzpatrick, Oregon State University and Eugene Foster, Oregon Department of Environmental Quality.  Funding agency: EPA/USGS.  Dates: July 99 to June 02.  

(4) Xenobiotic impact on Arctic char: Nutritional modulation and physiological consequences. Collaborative study with Mathilakath Vijayan, University of Waterloo, Canada and Even Jørgensen, Norwegian Institute of Nature Research. Funding agency: National Science Foundation. Dates: Jan 00 to Dec 03.  

(5) Water quality and viable salmon populations: A GIS-based recovery planning tool. Funding agency: NMFS. Dates: June 2001 – Dec. 2003.

Professional Service: Associate Editor for the Journal of Aquatic Animal Health 1997-present; American Fisheries Society-Fish Health Section, Snieszko Graduate Award Committee (Chair) 1989-91; Physiology Section (Charter member) - Vice Pres., Pres.-elect, Pres., Past-Pres. 1993-97; Awards Committee (Chair) 1997-98; Oregon Chapter- AFS Legislative Committee 1983-84; AFS Oregon Annual Meeting, Program Committee 1985-93; Director of Internal Committees 1989-90; Pres.-elect/Pres./Past Pres. 1990-93.

Regional or National Committees: NMFS’ Willamette and Lower Columbia Rivers Technical Recovery Team; Water Quality Team (Dissolved Gas Team); Grand Coulee Dam Dissolved Gas Committee (Chair); USGS Endocrine Disrupting Chemical Work Group (ad hoc).
 SEQ CHAPTER \h \r 1Ann L. Gannam, Fish Nutritionist, consulting
U. S. Fish and Wildlife Service, Abernathy Fish Technology Center

1440 Abernathy Rd., Longview, WA   98632

360-425-6072

Education
1988  Ph.D. in Fish Nutrition/Aquaculture, Auburn University, Auburn, Alabama.  Research emphasis in fish nutrition with training in general aquaculture. Dissertation: "Hormones as feed supplements in channel catfish diets for growth enhancement."  This study evaluated the effects of methyltestosterone, 11-ketotestosterone, estradiol and 3,5,3'-triiodothyronine on growth, protein and energy balance, mineral metabolism and gross and histo-morphological changes in channel catfish.

1980  Master of Science in Biology, University of Southern Mississippi, Hattiesburg, Mississippi.  Thesis: "Effects of various proportions of animal and plant protein supplemented with methionine on the growth and survival of the penaeid shrimp Penaeus aztecus Ives."

1976  Bachelor of Science in Zoology, University of Georgia, Athens, Georgia.

Professional Experience
1992-present  Nutritionist, USFWS, Abernathy Salmon Culture Technology Center.  Responsibilities include developing new diets and working on feed problems at the federal hatcheries in Region 1, conducting feeding trials.  Am also responsible for feed mill inspections (quality control) to insure compliance with specifications for feeds made for the federal government in Region 1.

1989-1992 Assistant Professor, Fisheries, University of Arkansas Pine Bluff, Department of Agriculture.  Responsibilities included student adviser for the Fisheries students, teaching fisheries courses (Ichthyology, Limnology and Fisheries Seminar) as well as conducting research in fish nutrition.  Was an adjunct 
Refereed Publications
Solangi, M. A., R. M. Overstreet and A. L. Gannam.  1979.  Filamentous bacterium on the brine shrimp and its control.  Gulf Research Reports Vol. 6, No. 3.

Gannam, A. L. and R. T. Lovell.  1991.  Effects of feeding 17a-methyltestosterone, 11-ketotestosterone, 17B-estradiol, and 3,5,3'-triiodothyronine to channel catfish, Ictalurus punctatus.  Aquaculture 92:377-388.

Gannam, A. L. and R. T. Lovell.  1991.  Growth, protein, fat accretion and calcium metabolism in channel catfish administered methyltestosterone in the diet.  Journal World Aquaculture Society 22:95-100.

Gannam, A. L. and R. M. Schrock. 1999.  Immunostimulants in fish diets.  Journal of Applied Aquaculture 9:53-89.

Webster, C. D., L. G. Tiu, A. Morgan and A. L. Gannam.  1999.  Effect of partial and total replacement of fish meal on growth and body composition of sunshine bass Morone chrysops x M. saxatilis fed practical diets.  Journal World Aquaculture Society 30:443-453.

Webster, C. D. K. R. Thompson, A. M. Morgan, E. J. Grisby and A. L. Gannam.  2000.  Use of hempseed meal, poultry by-product meal, and canola meal in practical diets without fish meal for sunshine bass (Morone chrysops X M. saxatilis).  Aquaculture 188: 299-309.

Webster, C. D., L. G. Tiu, A. Morgan and A. L. Gannam.  2000.  Differences in growth in blue catfish Ictalurus furcatus and channel catfish I. punctatus fed low-protein diets with and without supplemental methionine and/or lysine.  Journal World Aquaculture Society 31:195-205.

Pirhonen, J., C. B. Schreck and A. Gannam.  2000.  Appetite of Chinook salmon (Oncorhynchus tsawytscha) naturally infected with bacterial kidney disease.  Aquaculture 189:1-10

Gannam, A. L. and R. M. Schrock.  2001.  Immunostimulants in Fish Diets in Nutrition and Fish Health pp 235-266.  C. Limm and C. D. Webster (eds.) The Haworth Press, New York. 

Whipple, M. J., A. L. Gannam, J. L. Bartholomew.  2002.  Inability to control Ceratomyxosis in rainbow trout and steelhead with oral treatment of glucan immunostimulant or the fumagilliin analog TNP-470.  North American Journal of Aquaculture 64: 1-9.

Odeh, M., R. Schrock and A. Gannam.  2002.  Comparative hydraulics of two fishery research circular tanks and recommendations for control of experimental bias.  Journal of Applied Aquaculture, accepted

Presentations
Gannam, A. L.  1987.  Hormones, as feed supplements, in channel catfish diets for growth enhancement.  Presented at the Annual Meeting of the Alabama Fisheries Association, Guntersville, AL, February 1987.

Gannam, A. L.  1987.  Techniques for enhancing color in tropical fish.  Presented at the Florida Aquaculture Association Workshop, Marineland, FL, March 1987.

Gannam, A. L.  1988.  Sunflower seed meal:  a soybean meal substitute in fish diets.  Presented at the Extension Aquaculture/Fisheries Forum, University of Arkansas Pine Bluff, Pine Bluff, AR, December 1988.

Gannam, A. L. and N. Stone.  1990.  Golden shiner yields using an all-vegetable protein diet or a commercial diet.  Poster presentation at the World Aquaculture Society Meeting, Nova Scotia, Canada, June 1990.

Gannam, A. L., H. F. Phillips and G. M. Ludwig.  1992.  Weight gain, feed conversion and body composition of hybrid striped bass fed diets containing various lipid sources.  Presented at the World Aquaculture Meeting, Orlando, FL, May 1992.

Phillips, H., A. L. Gannam, and R. Lochmann.  1994.  Performance and lipid partitioning in reciprocal hybrid striped bass (Morone chrysops X Morone saxatilis) fed different levels of dietary lipid.  Poster presentation at the World Aquaculture Society Meeting, New Orleans, LA, January 1994.    

Gannam, A. L., P. R. Waterstrat, R. Pascho and C. McKibben.  1994.  An evaluation of feather meal as a feed ingredient and immunomodulator in fall chinook salmon (Oncorhynchus tshawytscha).  Poster presented at the International Fish Physiology Symposium, Vancouver, BC, July 16-21, 1994.

Katayama, R. W. and A. L. Gannam.  1995.  Evaluation of an exercise on constructing a dichotomous key using plastic worms.  Presented at the Entomological Society of America Meeting, Las Vegas, NV, December 1995.  

Schrock, R.  M. and  A. L. Gannam.  1996.  Comparison of three glucan preparations as feed additives in juvenile fall chinook salmon (Oncorhynchus tshawytscha) challenged with Vibrio anguillarum.  Presented at the American Fisheries Society Fish Health Section Meeting, Madison, WI, August 6-9 1996. 

Gannam, A. L., R. M. Schrock and M. W. Hack.  1997.  The use of three glucan preparations as feed additives in diets for fall chinook salmon, Oncorhyncus tshawyscha.  Poster presentation at the World Aquaculture Meeting, Seattle, WA, February 19-23 1997.   

Gannam, A. L.  1997.  Development of open formula diets and new feeding strategies:  A progress report.  48th Annual Pacific Northwest Fish Culture Conference, Gleneden Beach, OR, December 2-4, 1997. 
Odeh, M., R. Schrock and A. L. Gannam.  1998. Models of flow behavior in tanks used for fish physiology studies:  recommendations for control of experimental bias.  Presented at the American Fisheries Society meeting in Hartford, CT, August 24-28 1998.  

Gannam, A. L. and R. Schrock.  1999.  Immunostimulants in fish feeds.  Presented at the World Aquaculture Society meeting in Tampa, FL, January 27-30, 1999.

Meetings/Committees
Finance Chairperson/Treasurer, Local Organizing Committee for the 88th American Oil Chemists’ Society Annual Meeting in Seattle, WA, May 11-14, 1997

Member, Technical Program Committee for the World Aquaculture Society meeting in Tampa, FL, January 27-30, 1999.

Organizer and Host, 27th Fish Feed and Nutrition Workshop, Portland, OR September 19-22, 1999.

Member, North American Journal of Aquaculture Subcommittee of the American Fisheries Society Publication Awards Committee, 2001, 2002

Grants
Effects of diel temperature fluctuations on fish growth.  Gannam, A.  1990-1991.  Auburn-UAPB J.M.O.U.  $26,452.00.

Development of a new semi-moist feed for cultured fish.  Gannam, A.  1999. Technology Transfer Grant/Department of Interior. $58,000.00.

Chemical contamination of hatchery fish feed.  Gannam, A., J. Seelye and J. Davis. 2001-2003.  U. S. Fish and Wildlife Service/U. S. Geological Survey. $198,500.00  

Professional memberships


World Aquaculture Society (WAS)


US Chapter of WAS



American Fisheries Society


American Oil Chemists' Society


American Society of Agricultural Engineers


Institute of Food Technologists
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