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a. Abstract

Among the critical uncertainties in the life cycle of salmon is our lack of information on the impacts that pathogens have on the survival of fish during their transition to saltwater and of their role in the delayed mortality that occurs in the ocean. Pathogens of special concern in the Columbia River Basin (CRB) include the ubiquitous Renibacterium salmoninarum, the agent causing bacterial kidney disease; the etiological agent of furunculosis, Aeromonas salmonicida, and the virus which causes infectious pancreatic necrosis, IPNV.  Since all three pathogens damage the renal and hematopoietic elements of the kidney, and are harbored within kidney tissues for long periods, we hypothesize that infection by these pathogens affects the ability of fish to physiologically adapt to sea water, and decreases their resistance to a common, ubiquitous saltwater pathogen, Vibrio anguillarum. If this hypothesis is true, then it directly affects the success of tribal, public and federal hatcheries in their efforts to recover ESA-listed species. We propose to assess whether R. salmoninarum, A. salmonicida and IPNV adversely impact fish populations in estuarine and marine environments by 1) determining in laboratory experiments if the pathogens alter fish survival during adaptation to salt water and 2) determining the survival of fish infected with these pathogens following challenge with V. anguillarum.  The proposed study is innovative in that it brings together various fields of fish biology  –immunology, physiology, pathology and epidemiology - to elucidate the role and ultimate effects of chronic diseases on seawater survival. Furthermore, within these disciplines, we apply new approaches, specifically the application of flow cytometry techniques for assessment of immune function, and development of the ELISA as a predictive assay for survival of infected fish in the estuaries and in seawater. These studies will provide critical information for models developed to analyze survival of hatchery populations in the ocean.

b. Technical and/or scientific background

A major goal of the Northwest Power Planning Council’s (NWPPC) Fish and Wildlife Program (Program) is to increase salmon and steelhead runs in the Columbia River Basin (CRB).  Achievement of this goal will require multiple approaches, including hatchery propagation of native fish and development of captive broodstock programs. Disease has been acknowledged as a limiting factor in hatchery production and numerous pathogens have been detected in migrating hatchery and wild salmon.  Efforts to rebuild anadromous salmon runs will require a comprehensive program that focuses on all life history stages and identifies all opportunities to increase survival.  In such an approach, a focus on the poorly understood effects of chronic disease on subsequent survival of outmigrating salmon and steelhead smolts is clearly needed.

Although there is a large volume of knowledge on the effects of disease on salmonids during their freshwater development (particularly in hatcheries), our knowledge of the effects of pathogens on fish entering sea water has been limited to only a few studies. Research conducted in the CRB by this laboratory demonstrated that more than 20% of 2,800 chinook and coho salmon and steelhead trout smolts collected prior to entering the estuary (Jones Beach) during 1983-84 were infected with Renibacterium salmoninarum (Rs), the cause of bacterial kidney disease (BKD)(Sanders et al. 1992). In this same study, more than 10% of the captured chinook salmon held in sea water died from the myxozoan that causes ceratomyxosis (Bartholomew et al. 1992).  Kent et al. (1995) demonstrated that chinook from a hatchery in British Columbia with subclincal infections by the PKX parasite, the cause of proliferative kidney disease, later develop the disease in seawater at a prevalence close to 100%, and suggested that this may be the cause of poor returns in this system.  Another study evaluating seawater challenges as an index of marine survival (Clarke 1982) demonstrated that infestation with a cestode parasite affected the osmoregulatory capabilities of the infected fish.  Results of these limited studies indicate that chronic infections play an important role in seawater survival..  

The most notable example of a chronic disease is bacterial kidney disease, which  is widely recognized as a primary deterrent to the successful culture of salmon in the Pacific Northwest. Application of research findings on the effects of erythromycin therapy, broodstock segregation or culling, and optimal rearing density have decreased the prevalence of BKD in many hatcheries.  However, these reductions in hatcheries have not necessarily resulted in lower prevalence or levels of the bacterium in these same fish after release (Elliott et al. 1997).  Unable to eradicate this pathogen, hatchery managers must balance the benefits of early release with the loss from disease if the stress of infection affects osmocompetence and therefore, survival.  A study conducted in this laboratory (Sanders et al. 1992) demonstrated that subyearling chinook salmon seined from the river prior to entering the estuary and transferred to salt water had a much higher prevalence of Rs (46%) than their cohorts held in fresh water (9%), and in a recent survey Kent et al. (1998) found that about 50% of ocean-caught chinook salmon collected off the coast of British Columbia were infected with Rs.. In the laboratory, a study by Moles (1997) demonstrated that infected fish transferred to salt water after extended exercise suffered osmoregulatory impairment and were unable to adapt.  However, Mesa et al. (1999) found that several physiological indicators of smolting in chinook salmon were not affected after immersion challenge with Rs. A more recent study conducted in the lab of Dr. Carl Schreck (Seals et al. submitted) investigated these seemingly disparate findings in a study on the behavioral preference for saltwater of infected fish.  They found that although BKD did not inhibit physiological development during smolting, infection did significantly alter behavior by depressing selection for sea water, especially at higher infection levels.  These effects may have profound consequences for juveniles migrating through the estuary.

There are other disease agents in the CRB that are likely to similarly affect saltwater survival.  Aeromonas salmonicida (As), the agent of furunculosis, is present in many freshwater facilities in the CRB (BPA Augmented Fish Health Monitoring Reports), and is known to cause disease in farmed salmon in sea cages (Hiney & Olivier, 1999). Due to the covert nature of the infection, its prevalence may be underreported in the CRB. Furunculosis disease is reported to be stress-related (Hiney & Olivier, 1999) and the smoltification process is one such major stress.  However, there is limited information available concerning the consequences of As infection/furunculosis in salmon in the Pacific Northwest after their release. 

In addition to these serious bacterial pathogens, the virus that causes IPN is enzootic in the Snake River and has been detected in salmon returning to the CRB in Oregon and Washington as well as in salmon reared in seapens on Vancouver Island (Evelyn, et al. 1989).  The virus replicates in many organs in infected fish, and infects lymphocytes in the kidney as well, often during covert infection (i.e. a carrier state). Characteristically, the virus is maintained in the fish in a covert state for the life of the animal and, like Rs, is readily passed to progeny by vertical transmission.. Thus, the chronic nature of the infection which primarily affects renal and lymphoid cells of the fish—cells responsible for osmoregulation and innate and acquired immunity—raises the potential for compromising infected fish during their seawater transition in estuaries. 
Because the period of saltwater transition represents a critical uncertainty in life cycle models, it is necessary to understand and be able to predict the effect of these pathogens on the survival of Columbia River salmon during this life phase.  The National Research Council’s review of the Pacific Northwest salmon problem states that “disease is thought to be directly and indirectly responsible for substantial post-release mortality of hatchery fish” (NRC, 1996). Particularly important among these diseases are those of a chronic nature in which the pathogens may not directly cause mortality, but may alter physiology or immune function.  We hypothesize that the debilitating effects caused by infection with the bacteria that causes bacterial kidney disease (Rs) and furunculosis (As) and the virus that causes infectious pancreatic necrosis (IPNV) result in impaired osmoregulatory performance and ultimately delayed ocean mortality. 

Entry into salt water not only imposes physical changes on migrating salmon, but also results in exposure to new pathogens.  Vibriosis, caused by Vibrio anguillarum, is one of the most prevalent bacterial pathogens encountered in salt water and it is considered a major obstacle for salmonid marine culture (Schiewe 1983; Winton et al. 1983).  A vaccine is available for vibriosis and it is used in situations where salmon are cultured or held in sea water.  However, it is not commonly administered prophylactically and nearly all salmon migrating into the estuary will receive some exposure to the pathogen.  Because infection by IPNV and Rs affect the immune status of salmon, one outcome of infection by these agents is likely decreased resistance to a second pathogen. We hypothesize that the compounded effects of chronic infections and the stress of seawater adaptation is likely to effect the outcome of exposure to Vibrio anguillarum.  

We will address these hypotheses in the proposed study by assessing the effects of infection with Rs, As, and IPNV in spring chinook salmon and steelhead trout on 1) the survival of salmon migrating through the estuary and near shore environment, 2) the physiological health and immune status of the fish, 3) the process of smoltification and 4) the susceptibility to infection by the bacterial pathogen Vibrio anguillarum. An end result of this research will be to establish a method for predicting the fitness and survival of chinook salmon entering sea water based on measures of infection status that can be collected prior to release.  These measures are already established techniques for measuring infection: an ELISA (enzyme-linked immunosorbent assay) for detection of Rs, bacterial isolation for As, and routine cell culture for detection of IPNV.  Drs. Paul Reno and Pil Rossignol at this university have developed models to examine the effects of pathogens (Reno 1998) and other complex factors on fish and other wildlife populations (Dambacher et al. 1999).  These models will be explored here for their use in providing an adaptive management tool 

The proposed study is “innovative” in that it brings together various fields of fish biology to elucidate the role of chronic diseases in seawater survival – i.e., immunology, physiology, and pathology. This information will then be applied to examine the effects of disease at a population level. Furthermore, within these disciplines, we will be applying novel approaches that utilize new technology.  Established techniques for assessing immune function in fish are rudimentary. Lymphocyte proliferation assays using flow cytometry are routinely used in immunology research with mammalian systems (Vella et al. 1998).  Scharsack et al. (2000) recently used a similar assay to assess the immune function of carp infected with blood parasites and Dr. Tony Vella has adapted this assay to salmonids with success. The use of new, innovative approaches to immune assessment that have recently been adapted from research on mammalian systems will provide data that will allow quantitative measures of infection severity to be used for predicting fitness and survival of chinook salmon smolts based on disease status at release. These data will thus provide useful guidelines and tools to fisheries biologists and fish health specialists to manage important wild and hatchery populations. In addition, the project will attempt to prepare predictive models  of the risks associated with infection with the pathogens in terms of contributing to elevated death rates in estuaries and in the oceanic phase of the life cycle. These types of "bottom line " mathematical models are in their infancy relative to fish pathogens and are, therefore, conceptually innovative.

c. Rationale and significance to Regional Programs

Successful conservation of salmonid populations requires an understanding of the factors that can alter survival and reproduction.  However, the effects of bacterial, viral and parasitic diseases that are endemic problems for juvenile salmon in the CRB are poorly understood or documented. Dealing with these diseases as only hatchery problems does not fully address their significance. Many salmon are released with chronic, subclinical infections, and these diseases also occur in wild populations. Our hypothesis is that these infections compromise their seawater survival. This project will provide information necessary for assessing the contribution of disease to survival in the estuarine and ocean phases of the salmonid life cycle.

This proposal will also produce data significant to regional programs. Fish disease research needs addressed in the final report of the Research Priority Subcommittee of the Pacific Northwest Fish Health Protection Committee included priority research needs for these pathogens.  Priorities for research on BKD included new drug and chemical research and a better understanding of the epizootiology of the infection in salt water. High priorities for IPNV research included understanding the epizootiology of the disease, development of diagnostic reagents and integrated fish health management studies.  This project will provide information necessary to fill these critical information gaps and to insure sound application of biological principles during reintroduction.  The development of methods to predict fitness and survival based on infection status is relevant to all regional supplementation programs.

d. Relationships to other projects 

Results of this study are highly relevant to all projects addressing delayed ocean mortality.  Although disease has been recorded in many ocean-caught fish, there has been little effort to determine how different populations might be affected.  This proposal would provide the link between information on disease prevalence and infection levels gathered at release and the expected resulting mortality that is needed to provide estimates for delayed mortality in population models.

This project would also complement several ongoing studies currently funded by BPA and the National Marine Fisheries Service (NMFS).  One study entitled “Relationships between pathogens, natural and anthropogenic factors that influence disease prevalence, and survival of juvenile salmon in the estuarine and nearshore ocean environment” is funded by the Recovered Protected Species Office (RPSO) of the NMFS. This work examines pathogen prevalence in juvenile coho and fall chinook salmon and the influence of natural and anthropogenic factors on estuarine and riverine habitat properties (Arkoosh et al. 1998).  Another study (BPA project 199801400) entitled “Ocean survival of juvenile salmonids in the Columbia River Plume” is examining the effects of health parameters (growth, pathogen prevalence and bioenergetics) on coho and chinook salmon survival in relation to nearshore oceanographic features associated with the CR plume.  The results of this work would also provide information relevant to projects 199102900 - Life history and survival of fall chinook salmon in the Columbia River Basin, and 199202200 – Physiological assessment of wild and hatchery juvenile salmonids.  Our proposed BPA study in concert with the ongoing project described above will provide for a comprehensive evaluation of the influence of pathogens on salmonid health and survival as they migrate from fresh water to their ocean environments.  

e. Proposal objectives, tasks and methods

Objectives
 

1.  Determine the effects of transfer to salt water on the progress of BKD, furunculosis and IPN. The pathogens selected for this portion of the study have been documented as causing disease in steelhead and chinook salmon within the CRB.  Each causes chronic infections and thus will persist in salmon migrating to seawater.  The effects of these pathogens on fish during their freshwater phase is well documented; however, studies of their effects on salmon in salt water have not been adequately evaluated.  Progress of disease will be assessed by survival (Task 1) and by measures of immune function (Task 2) and smoltification (Task 3). 

Determining the effects of each pathogen at release will provide data necessary for assessing pathogen effects in the estuary and in determining if diagnostic measures of infection can be used to predict survival.
2.  Determine if infection by Rs, As and IPNV affect susceptibility to vibriosis.  Vibrio anguillarum is a pathogen commonly encountered in salt water.  IPNV and Rs both have demonstrated adverse effects on immune status and this may predispose infected animals to disease caused by other pathogens.  

This objective will determine if infected fish are at greater risk for other infections

3.  Analyze data to determine relationships between infection level, physiological fitness, ability to adapt to salt water, resistance to a secondary infection and ultimately, to survive.

Timeline for objectives:  Completion of Objective 1 will require 18 months, with each of the challenges staggered approximately three months apart.  Challenges in Objective 2 will immediately follow those in the first objective and therefore each challenge will be completed approximately three months after transfer to saltwater.  All experiments will be completed within 21 months.  Data analysis and model development will be done concurrently and we expect that the project will be completed within 24 months.


Tasks and Methods
 

Objective 1.  Determine the effects of transfer to salt water on the progress of BKD, furunculosis and IPN.

Task 1.1.  Pathogen Challenges

1a.  Experimental Fish:  Spring chinook salmon and steelhead trout reared from eggs at the Fish Performance and Genetics Laboratory of the Oregon State University (OSU) will be used in all laboratory experiments.  Both fall and spring-spawning populations of the chinook will be available for this study.  This will allow for experimentation to optimize pathogen doses and assay conditions in the fall for the experimental work that will be conducted in the spring.  At least one month prior to the infection challenges, the fish will be transferred to the OSU-Salmon Disease Laboratory (SDL) and maintained in specific fish-pathogen-free water at a temperature of 12˚C.  Immediately prior to challenge, 60 fish will be sacrificed and examined to determine if there is any pre-existing infection.  For detection of BKD, fish will be assayed by ELISA (DiagXotics, Wilton, CT), the kidney will be cultured for As detection, and cell culture performed for IPNV.  All challenges will be timed to coincide as closely as possible with the natural smoltifaction of the test animals.

1b.  Culture of Pathogens and Preliminary Dose Determinations:

Renibacterium salmoninarum:  A pure culture of a recent isolate of Rs from chinook salmon will be used for the pathogen challenge to insure virulence.  Bacteria for the challenge will be cultured in KDM-II media (Evelyn 1989) at 15˚C.  At approximately 10 d the bacteria will be harvested by centrifugation (10,000 xg, 10 min), resuspended in phosphate buffered saline (PBS), then aliquoted and frozen  in liquid nitrogen.  To determine infectious dose, an aliquot of the bacteria will be thawed, 10 fold serial dilutions from 10 to 10–5 will be made and the bacteria enumerated using standard plate count procedures.  For each dilution, 10 fish will each be anesthetized with MS-222 and injected intraperitoneally (IP) with 0.1 ml of bacteria.  These fish will be held in separate 25 l aquaria for 1 month, then assayed by ELISA and observed for signs of disease.  Infection doses that result in low (equivalent to less than 50 ng p57 antigen) and high (greater than 500 ng p57 antigen) ELISA values will be used for the challenge experiment.  
Aeromonas salmonicida: A strain of As that was isolated from diseased chinook salmon held in freshwater at the Hatfield Marine Science Center will be utilizd for these studies. Cultures will be prepared in trypticase soy broth at 20°C  and confirmed as the pathogen by cultural and biochemical characteristics as well as by immunological tests. Experiments in our labs have indicated that the median lethal  dose for bath immersion of 10 g chinook salmon is approximately 105 cfu/mL of water. Based on this estimation, pre-smolt chinook salmon will be exposed to tenfold dilutions of the bacteria and a median infectious dose established for the larger fish.
IPNV: The Buhl, Idaho strain of IPNV will be used in all experiments. The virus will be prepared in CHSE-214 cells, titrated and frozen in liquid nitrogen until use. Determination of the median infectious dose will be carried out by the immersion method in steelhead (<10g mean weight) using 3 replicates of 30 fish per each of five virus concentrations. Mortalities will be monitored over a period of 14 d, and the LD50 will be calculated. For seawater survival and Vibrio challenge, chronic infection with the IPNV will be established by exposing steelhead to 1 LD50 by bath and holding in freshwater until smoltification is evident as determined by methods described below. 
1c.  Challenge Procedures

BKD challenge experiments:  To determine the effect of the level of BKD infection on seawater survival and smoltification, fish will be infected at two doses determined to result in low and high ELISA values when assayed at one month post-injection (as described above).  For the challenge, 360 pre-smolts will be injected intraperitoneally with each standard dose of Rs, and 360 fish will be injected with the same volume of PBS as a control. An additional group of 30 uninjected fish will be retained to measure seawater adaptability to determine when transport will occur.  Transport will be indicated by behavorial preference for salt water (Seals et al. submitted) and plasma sodium levels (Blackburn and Clarke 1987) as described below.  At this time, all groups (low dose, high dose and control) will be transported to the Hatfield Marine Science Center (HMSC) and each treatment divided into six groups of 60 fish each; four groups at each treatment will be acclimated to salt water, the remaining two will be held in dechlorinated city water as smoltification controls.  

Furunculosis challenge experiments: To determine the effect of As infection on seawater survival and smoltification, fish will be infected at two ID50.  For the challenge, 360 pre-smolts will be exposed to each challenge dose by bath immersion to As, and 360 fish will be exposed to the same volume of PBS as a control. An additional group of 30 unexposed fish will be retained to measure seawater adaptability to determine when transport will occur, as described.  At this time, all fish from each of the three groups (exposed and control) will be transported to the Hatfield Marine Science Center (HMSC).  Each treatment group will be divided into six replicate groups of 60 fish each; four of these groups will be acclimated to salt water and the remaining two held in dechlorinated city water as smoltification controls.

IPNV challenge experiments: For IPNV challenge, 180 fish will be infected by bath immersion with the each of the three virus doses determined in the preliminary trial (540 fish), an additional 180 fish will be sham-injected with MEM. At approximately 45 days, 30 uninjected fish from the same cohort group will be tested for adaptability to sea water.  At this time, unless otherwise indicated, all fish will be transported to the HMSC: 16 groups (replicate groups at three exposure doses plus uninfected controls) will be acclimated to salt water; replicate groups at each exposure dose and uninfected controls will be held in dechlorinated city water as smoltification controls.

1d.  Procedures to measure seawater adaptability:  Adaptability to sea water will be based on results of the following tests.

Behavioral preference:  Tests for saltwater preference will be conducted at the Fish Performance and Genetics Laboratory, in two 757 l rectangular tanks with Plexiglass windows to allow observation. Fifteen fish will be placed into each tank and held for 48 h to acclimate.  Salt water (Instant Ocean() will be slowly introduced into the bottom of each tank from header tanks, creating a saltwater layer in the bottom of the water column with a freshwater layer on top.  The number of fish holding in each layer will be recorded every 10 minutes for 30 min, at 60 min, then after 24 h (Tiffan and Rondorf 2000; Seals et al. submitted).  

Plasma sodium assay:  The ability of smolts to regulate their plasma sodium levels below 170 meq/l within 24 h of direct transfer to sea water can be used as a measure of the readiness to adapt to sea water (Blackburn and Clarke 1987).  To test this, 15 fish will be placed directly in full strength artificial sea water (30 ppt).  After 24 h, the fish will be anesthetized, killed and blood collect from the caudal artery using a heparinized hematocrit tube.  The tubes are sealed and centrifuged to pack the cells.  The plasma portion can be stored by cutting the tube, resealing that portion and freezing at –20˚C.  Plasma sodium is measured by flame photometry on diluted samples and compared against the sodium standards.  

1e.  Sampling and monitoring mortality

Samples collected:  At 3, 10, 30, 60 and 90d post-transfer, 5 fish from each treatment dose (both sea water and fresh water, giving 10 fish per treatment) will be killed.  Infection levels will be determined as follows: from the Rs-injected groups and their controls, kidney tissue will be collected for ELISA assay (Pirhohen et al. 2000); from the As-infected fish, kidney will be collected, weighed, diluted and inoculated onto plates to determine cells/g tissue; and from the IPNV-infected group and their controls, kidney will be collected for determination of virus titer.  Other samples to be collected will include: kidney tissue for isolation of lymphocytes for assays of immune function and blood for determination of hematocrit, plasma sodium and osmolality (described below).  Any fish which die during the early course of seawater exposure will also be evaluated for these parameters.

Assessment of mortality: Mortality in two of the Rs-injected groups in salt water and two in fresh water will be monitored for 180 days post transfer.  At 180 d, all fish will be killed with an overdose of anesthetic and samples of kidney removed and stored at –20˚C to determine infection status by ELISA at a later date. Briefly, the kidney is homogenized in PBS and the supernatant is assayed for the p57 soluble Rs antigen.  The sample is loaded into wells of an immunoassay plate that have been coated with a monoclonal antibody produced against the antigen, then the captured antigen is detected using a second, labeled antibody.  The outcome is an optical density reading that can be plotted against a set of standards and allows a relative determination of infection level. Similarly, As will be assayed by culture methods of kidney tissue and mucus. Experiments in our lab have indicated that external mucus often contains As when it is not detectable in the kidney; therefore samples of mucus will be analyzed in addition to kidney material for all experiments.

In the IPNV-infected freshwater groups and two of the seawater groups, mortality and infection will be monitored for 180d post-transfer, at which time the prevalence and level of infection will be assessed by examination of kidney, spleen and pyloric caeca from all fish on CHSE-214 cells.  

Task 1.2.  Determine how chronic infection by each of these pathogens affects measures of immune function: 

2a.  Determination of blood parameters.  

Blood will be collected from the caudal artery using a heparinized microhematocrit tube, then centrifuged in a microhematocrit centrifuge for 5 min at 13,000 xg.  The hematocrit, or packed blood cell volume, and leucocrit, or white blood cell volume, are expressed as percentages of the total column.  These values will be recorded within 1 h of collection.  After recording these measures, the protein content of the plasma will be measured using a protein refractometer, resulting in a weight/volume percent of protein

2b.  Lymphocyte Proliferation Assays. 

Identification of effects on the immune system will be largely driven by lymphocyte proliferation assays.  These assays will be conducted on samples collected as described above.

Isolation of Leukocytes.  Blood collected from various salmon in our experiments will be prepared as follows.  Erythrocytes will be lysed by hypotonic immersion (manuscript submitted, Crippen et al.).  The leukocytes are then resuspended in fish tissue culture media (FTCM) which consisted of MEM with sodium pyruvate (Gibco, Grand Island, N.Y.)with the addition of 5% fetal calf serum (FCS; Invitrogen, Carlsbad, CA), 5% fish serum (collected from chinook salmon), and 50µg/mL gentamycin.

Proliferation Assay.  Cells are resuspended at 5x106 cells/ml and 100µl were placed into each well of a 96 well tissue culture plate.  Stimulants are added diluted in FTCM to 100gi, and the plate is  cultured at 12°C for up to 7 days.  After incubation the cells are fixed in 100% methanol at -20°C for 10 minutes, rinsed in PBS two times and resuspended in PBS plus EDTA and (10µg/ml) RNAse.  Propidium iodide (100µg/ml) is added and cells are incubated 30 minutes on ice prior to analysis.

Flow Cytometric Analysis. Cells are resuspended at 5x106 cells/ml and 100µl were placed into each well of a 96 well tissue culture plate.  Stimulants are added diluted in FTCM to 100gi, and the plate is  cultured at 12°C for up to 7 days.  After incubation the cells are fixed in 100% methanol at -20°C for 10 minutes, rinsed in PBS two times and resuspended in PBS plus EDTA and (10µg/ml) RNAse.  Propidium iodide (100µg/ml) is added and cells are incubated 30 minutes on ice prior to analysis.

Laser Scanning Cytometry.  The presence of B cells will be measured in tissue from fish using a Laser Scanning Cytometer (LSC) (CompuCyte, Cambridge, MA).  The LSC is a microscope that uses a laser beam to detect fluorescence on cells within tissue sections and automatically scans a two dimensional area using an automated stage.  Besides recording signals for fluorescence, measurements for forward scatter and signal intensity are also important attributes.  The LSC outputs statistical data like that from a flow cytometer and since the cells are in the path of the laser beam for much longer periods of time, compared to a flow cytometer, the LSC is far more sensitive to small signals.  Therefore this system will allow us to tabulate our data in a far more objective and quantitative fashion then any other system. Frozen tissue sections will be stained with a mAb to FITC-trout Ig, which stains salmon B cells, and then analyzed by the LSC.  These data will allow us to predict the presence and health of B cells in diseased and normal fish.

Stimulants.  Concanavalin A (ConA) and polyinosinic:polycytidylic acid (Polyl:C) will be used as stimulants in the leukocyte cultures.  Stimulation of the cultures with mitogen is done 4 h post initiation of the cultures.

Analysis and Statistics.  Quantitation of the number of cells in different phases of the cell cycle, as defined by DNA content reflected by PI fluorescence, will be determined by setting gates around GO/G1, S, G2M and dead cells and debris.  The data are expressed as the stimulation index (SI), calculated as the ratio of the percentage of cells in S and G2M phase of the mitogen-stimulated cultures divided by the percentage of cells in S and G2M phase of the unstimulated cultures. Comparisons among the groups will be made analyzed by logistic regression methods for proportional data

Task 1.3. Determine how chronic infection by each of these pathogens affects measures of smoltification: 

The following indicators of osmoregulatory performance will be measured at 3 d post-transfer:

Plasma sodium:  described above.

Osmolality:  This is a measure of osmotic pressure indicates the concentration of all dissolved ions as well as other factors such as proteins.  Measurements will be made on undiluted plasma collected for the sodium tests using an osmometer.

Condition factors:  Weight and length will be measured and the condition factor calculated as [weight (g)/length (mm)3] x 100,000

Objective 2. Determine if infection by Rs, As and IPNV affect susceptiblity to vibriosis.

Task 2.1. Vibrio anguillarum challenge by cohabitation.

To simulate natural exposure conditions, the fish infected with these pathogens will be infected with V. anguillarum using a horizontal challenge protocol.  For each tank of fish challenged, five uninfected salmon pre-smolts will be injected with 105 V. anguillarum cells in PBS. Experiments in our lab have indicated that with Aeromonas salmonicida in chinook salmon, a single infected individual was capable of initiating a furunculosis epizootic at holding densities of 0.015g/L or more (Ogut, unpublished results). We anticipate similar results with Vibrio anguillarum, which is a similar gram negative pathogen. These fish will be fin clipped for identification, allowed to recover 24h, then placed in each of the challenge tanks.  

BKD:  At 3 d following complete acclimation to sea water and collection of samples, five Vibrio-infected fish will be placed in each of two replicate tanks of fish infected at the low and high Rs levels, and in two control tanks. Fish in these tanks will be monitored for survival and kidney tissue from each fish will be collected to determine the level and severity of BKD infection by ELISA. Bacteria will be cultured from the kidney on marine agar to determine infection by V. anguillarum. 

Furunculosis:  At 3 d following complete acclimation to sea water and collection of samples, five Vibrio-infected fish will be placed in each of two replicate tanks of fish infected with As at each challenge level, and in two control tanks. Fish in these tanks will be monitored for survival and kidney tissue from each fish will be collected to determine the level and severity of As infection by culture methods on Coomassie blue agar, examining for the presence of soluble brown pigment and blue colonial morphology of the As. Bacteria will also be cultured from the kidney on TCBS agar to determine infection by V. anguillarum. 

IPN:  At 3d following complete acclimation to sea water, five Vibrio-infected fish will be placed in each of the two IPNV-injected group at each dose and in two control tanks.  Fish in these tanks will be monitored for survival and from all mortalities tissue samples will be collected to determine the level and severity of IPNV infection.  Bbacteria will be cultured from the kidney on TCBS agar to determine infection by V. anguillarum.

Objective 3.  Analysis of Data and Development of a Model

Task 3.1. Analysis of Data 

Data from each group of fish will be presented as the cumulative percent mortality, the median day to death (MDD), the prevalence of infection and pathogen load.  Comparisons of survival and pathogen/disease prevalence among and between groups will be made using a Kaplan-Meier product limit comparison (nonparametric, log rank survival analysis). Blood parameters will be tested statistically by ANOVA  and significant differences in lymphocyte stimulation between and among groups will be identified by ANOVA and Fisher's LSD test at a significance level of 5%. 

Task 3.2.  Development of predictive models


Dr. Paul Reno and other collaborators on this project have extensive experience in developing models to predict the effect of disease on populations (Reno 1998; Dambacher et al. 1999; Li et al. 1999; Castillo and Rossignol 2000).  Analysis of the data derived in Task 3.1 will dictate the direction of this objective. Because of the complexity of the systems analyzed we propose to use both qualitative analyses (for example, loop analysis; Puccia and Levins, 1985) as well as determininistic models (Reno 1998) to analyze the impacts of pathogens on populations.

f. Facilities and equipment

All in vivo experiments proposed in this study will be carried out at the Oregon State University Salmon Disease Laboratory (SDL) or the Hatfield Marine Science Center (HMSC).  The SDL is a 9,000 ft2 facility which is divided into three main sections:  1) the wet laboratory with an inside area for work with infectious agents and an outside area for uninfected animals, 2) the preparatory laboratory and 3) the dry laboratory.  The SDL is supplied with specific pathogen-free water at an ambient temperature of 12oC.  Effluent from the wet laboratory is treated with chlorine to ensure that no infectious agents exit via the water. The wet laboratory is separated into an outside holding area, where stock fish are held in 3-12 ft circular tanks, and the inside experimental area. Inside there are 144, 25-L tanks designed for holding smaller fish and 128, 100-L tanks. There is the capacity to both heat and chill water in this facility.

The HMSC is a sister facility, with capabilities of supplying estuarine water. The Fish Disease Laboratory receives 166 gpm of specific pathogen free water that is pumped from Yaquina Bay, sand filtered and UV treated prior to delivery to the tanks.  There are 48-2 ft and 30-4 ft circular tanks in the Fish Disease Laboratory.  There is the capacity to chill the water.  Before the effluent is released back into the Bay it is treated with chlorine for removal of contaminants and virulent pathogens and the chlorine is removed before release. The Fish Disease Laboratory has a capacity for fresh dechlorinated water (approximately 10 gpm).  The dry laboratories contain facilities for sterile tissue culture work, bacterial culture, immunoassay and molecular diagnostics. Equipment such as a microfuge, a cell harvester, fume hoods, autoclaves, microscopes, refrigerators, and freezers are also available.

Laboratories of the principal investigators, in the Department of Microbiology, are equipped for research on infectious diseases of fish.  Facilities include a biohazard room, a darkroom for photography, clean rooms for use in tissue culture and hybridoma work and a room for processing histological samples.  The laboratories are well equipped with light microscopes, microscopes for fluorescence microscopy, inverted microscopes for tissue culture, thermocyclers for PCR, ELISA plate washer and reader, spectrophotometers, electrophoresis and western blotting equipment, preparatory and ultracentrifuges, scintillation counters and walk-in incubation chambers.

The Fish Performance and Genetics Laboratory is a facility of the University’s Department of Fisheries and Wildlife and is managed by the Oregon Cooperative Fish and Wildlife Research Unit.  It has the capacity to rear hundreds of thousands of salmon from eggs to adult in constant temperature, pathogen-free well water.  This facility has hundreds of tanks of various sizes and egg incubation capabilities.  It also has tanks with video capability for assessing volitional entry of fish into sea water. The laboratory is a complete physiology laboratory with osmometers and other instruments.
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Section 4. Key personnel

Oregon State University is unique in its breath and number of faculty researchers focusing on salmonid health, and the present proposal brings together several of OSU’s researchers with expertise in this area.

The principal investigator on this project is Dr. Jerri Bartholomew, assistant professor (0.33 FTE).  Co-principal investigators are Drs. Michael L Kent (Director, Center for Salmon Disease Research, 0.10 FTE), Paul Reno (Associate Professor), and Anthony Vella (Assistant Professor, Microbiology), and Carl Schreck, (Professor, Leader, OR Coop Fish and Wildlife Extension Unit)

Drs. Bartholomew, Kent and Reno will be responsible for the management of the laboratory portion of the project, including experimental design, conducting experiments, and data analysis.  Dr. Bartholomew has experience in working with Rs and As and has experience with seawater challenges. Dr. Kent’s research has focused on diseases of salmonids, particularly in sea water.  Dr. Reno at the HMSC will provide on site supervision of seawater studies.  Dr. Reno’s research has focused on viral diseases of salmonids and modeling the pathogenesis of salmonid disease in general.  Dr. Schreck will supervise the studies to evaluate smoltification and physiological health, and will take part in the development of predictive models.  Dr. Vella is an immunologist whose research is focused on T-cell function in mammals.  Recently Dr. Vella has adapted a flow cytometery based lymphocyte proliferation assay to salmon lymphocytes and this assay is presently being employed with salmon and trout at OSU by Vella and his collaborators to investigate endocrine disruptors and to identify immunoreative peptides for vaccine development.  
CURRICULUM  VITAE: Jerri  L. Bartholomew


Assistant Professor, Senior Research

Work phone:  541-737-1856

Department of Microbiology




Oregon State University, Nash Hall 220


Corvallis, OR  97331-3804

Education:


Ph.D. in Microbiology - Oregon State University, 1989


M.S. in Fisheries and Wildlife - Oregon State University, 1985


B.S. in Biology, minor in Marine Sciences - Pennsylvania State University, 1980

Professional Experience


1995-present
Assistant Professor, Senior Research, Dept. Microbiology, OSU


1994-1995
Instructor, Dept. Microbiology, OSU


1992-1993
Microbiologist, USFWS, NFRC, Seattle, WA


1990-1991
Research Associate, Department of Microbiology, OSU


1988-1990

Fishery Biologist, USFWS, NFRC, Seattle, WA

Present Funded Research
Sponsor



Comparison of Three Isolates of Piscirickettsia salmonis 

Agricultural Research



with Differential Virulence for Salmonid Fish
  Foundation
 
  


Identification of Genetically Based Protective Responses



against Infection by Ceratomyxa shasta 
Sea Grant


Fish Disease Risk Assessment Study: Whirling Disease
Portland General and


Ceratomyxosis 
Electric


Distribution and Seasonal Occurrence of Myxobolus
Whirling Disease


cerebralis in the Lostine River, Oregon 
Iniative

Selected Publications

Palenzuela, O., G. Trobridge and J. L. Bartholomew.  1999.  Development of a polymerase chain reaction diagnostic assay for Ceratomyxa shasta, a myxosporean parasite of salmonid fish.  Diseases of Aquatic Organisms. 36:45-51

Bartholomew, J. L.  1998.  Host resistance to infection by the myxosporean parasite Ceratomyxa shasta: a review.  Journal of Aquatic Animal Health. 10:112-120.

Moffitt, C. M., B. C. Stewart, S. E. LaPatra, R. D. Brunson, J. L. Bartholomew, J. E. Peterson, and K. H. Amon.  1998.  Pathogens and diseases of fish in aquatic ecosystems:  Implications in fisheries management.  Journal of Aquatic Animal Health. 10: 95-100.

Bartholomew, J. L., M. J. Whipple, D. G. Stevens and J. L. Fryer.  1997.  Role of the freshwater 
polychaete, Mayanukia speciosa, in the life cycle of Ceratomyxa shasta, a myxosporean parasite of 
salmon and trout.  American Journal of Parasitology. 83:859-868.

J. E. Sanders, J. J. Long, C. K. Arakawa. J. L. Bartholomew and J. S. Rohovec.  1992.  Prevalence of Renibacterium salmoninarum among downstream-migrating Columbia River salmonids. Journal of Aquatic Animal Health.  4:72-75.

Bartholomew, J. L., J. L. Fryer and J. S. Rohovec.  1992.  Impact of the myxosporean parasite, Ceratomyxa shasta, on survival of migrating Columbia River basin salmonids.  Pages 33-41. in  Proceedings of the 19th US. and Japan meeting on Aquaculture ISE, Mie Prefecture, Japan.  October 29-30, 1990.  US Dept. of Commerce NOAA Technical Report NMFS 111.  

Bartholomew, J. L., M. R. Arkoosh  and J. S. Rohovec.  1991.  Demonstration of the salmonid humoral response to Renibacterium salmoninarum using a monoclonal antibody against salmonid immunoglobulin.  Journal of Aquatic Animal Health 3:254-259.

CURRICULUM  VITAE: Michael Kent

PROFESSIONAL EXPERIENCE

September 1999-present.  Director , Center for Salmon Diseasae Research.  Associate Professor, Departments of Microbiology and Fisheries and Wildlife, Oregon State University, Corvallis, Oregon.
January 1997-August 1999. Head, Fish Health, Parasitology, and Genetics Section, Aquaculture Division, Department of Fisheries and Oceans, Pacific Biological Station, Nanaimo, B.C

1988 – August 1999.  Research Scientist IV, Fish Health, Parasitology, and Genetics Section. Aquaculture Division, Department of Fisheries and Oceans, Pacific Biological Station, Nanaimo, B.C

1986-1988. Research Scientist.  Battelle Marine Research Laboratory, Sequim, Washington.
PRESENT FUNDING:

1998-2002, International Resource for Zebrafish.  National Institutes of Health.  $ 3,900,000. Dr. Kent is a co-investigator. Grant is administered through University of Oregon. Approximately $150,000/year allocated to Kent to conduct the health and disease research aspects of the project.

1999-2000, Investigations on antibiotic control for bacterial kidney disease, Oregon Department of Fisheries and Wildlife.  $ 40,000. 

1998-2001. Kudoa thyrsites and softflesh in farmed Atlantic salmon”.  Canadian National Science and Engineering Research Council (NSERC), Strategic Research Grant. Can $ 504,000.  Dr. Kent is a co-investigator with an allocation of approximately $ 230,000. Kent supervises life cycle studies at HMSC and ongoing parasite collections and in vivo vaccine trails at the Pacific Biological Station.

2000-2002. Molecular Systematics of Kudoa.  Canadian National Biotechnology Strategy, Ottawa, Canada.  Can$ 80,000 through Agricultural Research Foundation.  Dr. Kent is the principle investigator.  Funds are mainly to support a graduate student under Kent’s supervision at OSU.

2000-2002. Cross Protection Against Myxobolus cerebralis infections by exposure to Myxobolus arctcus..  National Parternships with US Fish and Wildlife Service.  $ 19,320.  

2000. Survey of Rockfish and Lingcod Pathogens.  Oregon State University Sea Grant.  $ 10,000.  

SELECTED PUBLICATIONS (out of 123 reviewed articles)

Kent, M.L. 2000. Marine netpen farming leads to infections with some unusual parasites. Intl. J. Parasitol. (in press).
Kent, M.L. J. Khattra, R.P. Hedrick, R.H. Devlin. 2000. Tetracapsula renicola (Myxozoa: Saccosporidae); the PKX myxozoan – the cause of proliferative kidney disease of salmonid fishes. J. Parasitol. 86: 103-111.

Noakes, D.J.,  R.J. Beamish, M.L. Kent. 2000.  On the decline of Pacific salmon and speculative links to salmon farming in British Columbia. Aquaculture 183: 363-368.
Kent, M.L., S.C. Dawe, D.J. Speare. 1999.  Resistance to reinfection in chinook salmon (Oncorhynchus tshawytscha) to Loma salmonae (Microsporidia).  Dis. Aquat. Org. 37: 205-208.
Moran, J.D.W., D.J. Whitaker, M.L. Kent. 1999.  A review of myxosporean genus Kudoa Meglistch, 1947, and its impact on the international aquaculture industry and commercial fisheries.  Aquaculture  172: 163-196.
Shaw, R.W., M.L. Kent, M.L. Adamson. 1999. Iodophor treatment is not completely efficacious in preventing Loma salmonae (Microsporidia) transmission in experimentally challenged chinook salmon, Oncorhynchus tshawytscha (Walbaum). J. Fish Dis. 22:1-3 

Kent, M.L.  G.S. Traxler, D. Kieser, J. Richard, S.C. Dawe, R.W. Shaw , G. Prosperi-Porta,  J. Ketchenson,  T.P.T. Evelyn. 1998. Survey of salmonid pathogens in ocean-caught fishes in British Columbia, Canada. J. Aquat. Animal Health 10: 211-219. 

Paul W. Reno
Birthdate: 10/23/44

Hatfield Marine Science Center
Married

2030 S. Marine Science Dr.
Telephone : 503-867-0147

Newport, Oregon 97365-5296

EDUCATION
Fairleigh Dickinson University, B.S. in Biology
1966

University of Florida, M.S. in Bacteriology
1971

University of Guelph, Ph.D.Vet. Micro. & Immuno.
1976

WORK EXPERIENCE
University of Maine:


1980-86. Assistant Professor of Microbiology


1986-90. Associate Professor of Microbiology

Oregon State University
1990-present. Associate Professor Coastal Oregon Marine Experiment Station/Microbiology, Molecular and Cellular Biology Program; Adjunct Assoc. Prof. Department of Fish & Wildlife

PUBLICATIONS (SELECTED)
Reno, P.W. 1999. Infectious Pancreatic Necrosis and Other Aquatic Birnavirus Diseases. in:Fish Diseases, Volume II: Viral, Bacterial and Fungal Infections. R.M.W. Stevenson & P.K. Woo, Eds.CAB International, Wallingford, UK

Ögüt, Hamdi & P.W. Reno (1999) Development of a Deterministic Model of Experimental Aeromonas salmonicida Infection in Chinook Salmon. AFS/FHS Annual Meeting, Twin Falls, ID June, 1999

Reno, P.W. 1998. Factors involved in the dissemination of diseases in fish populations. Journal of Aquatic Animal Health, 10 (2), 160-171.

Arkoosh, M.R., E. Clemons, A.N. Kagley, R. Olson, P. Reno, E Casillas, & J. Stein (1998) Effect of pollution on fish diseases: Potential population impacts. Journal of Aquatic Animal Health, 10 (2), 182-190

A Standard Inspection Procedure for Detection of Certain Pathogens in Salmonid Fish. (1994) in : Suggested Procedures for the Detection and Identification of Certain Finfish and Shellfish Pathogens, J. Thoeson, Ed. , AFS/FHS SOS Publications Fair Haven, NJ..

Caswell-Reno, P., V. Lipipun, P.W. Reno and B.L. Nicholson (1989) Use of a group-reactive and other monoclonal antibodies in an enzyme immunodot assay for identification and presumptive serotyping of aquatic birnaviruses. J. Clin. Micro. 27, 1924-1929.

SELECTED FUNDING
AGENCY: Sea Grant National Biotechnology Initiative (1997-1999)

TITLE: Genomic analysis of virulence of infectious pancreatic necrosis virus.

AMOUNT: $110,000

AGENCY: Western Regional Aquaculture Committee, USDA; 1997-1999) (C. Moffitt co-pi)

TITLE: Interaction between cultured and wild salmonids, development of a risk assessment model.

AMOUNT: $30,000/yr

AGENCY: National Partnership co -pi with J Bartholomew

TITLE: Distribution and Seasonal Occurrence of Myxobolus cerebralis in the Lostine River, Oregon
AMOUNT: $60,000

SCHRECK, CARL B., Professor and Unit Leader

EDUCATION:
A.B.University of California, Berkeley, 1966; M.S., Colorado State University, 1969; Ph.D., Colorado State University, 1972.

EMPLOYMENT: Leader, Oregon Cooperative Fishery Research Unit, U.S. Department of Interior and Full Professor, Oregon State University (1977-present); Assistant Leader, Oregon Cooperative Fishery Research Unit (1975-1977);Virginia Polytechnic Institute and State University--Assistant Professor, 1972-1975.

PROFESSIONAL
Earle Price Award for Excellence in Research, Oregon State University

RECOGNITION:
 (1991);  Directors Award for Research Excellence, U.S. Fish and Wildlife Service (1991); Governor=s (Oregon) Coastal Salmon Science Team, present Approx 50 M.S. and Ph.D. theses supervised to date.  American Fisheries Society Educator of the Year Award for 2000.

SELECTED PUBLICATIONS (of 198 total):

Schreck, C.B. 1992.  Glucocorticoids: Metabolism, growth, and development.  pp. 367-392. In: M.P. Schreibman, C.G. Scanes, and P.K.T. Pang (eds.).  The endocrinology of growth, development and metabolism in vertebrates.  Academic Press, N.Y.

Schreck, C.B.  1996.  Immunomodulation: Endogenous factors.  pp. 311-337. In: G. Iwama and T. Nakanishi (eds.).  The fish immune system (Fish Physiology vol. 15).  Academic Press, N.Y.

Mesa, M.G., T.P. Poe, A.G. Maule, and C.B. Schreck.  1998.  Vulnerability to predation and physiological stress responses in juvenile chinook salmon (Oncorhynchus tshawytscha) experimentally infected with Renibacterium salmoninarum.  Canadian Journal of Fish Aquatic Science 55:1599-1606.

Slater, C.H., and C.B. Schreck. 1998.  Season and physiological parameters modulate salmonid leucocyte androgen receptor affinity and abundance.  Fish & Shellfish Immunology.  8:379-391.

Alrubaian, J., P. Danielson, M. Fitzpatrick, C. Schreck, and R.M. Dores. 1999.  Cloning of a second proopiomelanocortin cDNA from the pituitary of the sturgeon, Acipenser transmontanus. Peptides 20:431-436.

Slater, C.H., C.B. Schreck, and S.A. Sower.  Rapid clearance of D-Ala6-Pro9Net mammalian gonadotropin releasing hormone (GnRHa) from chinook salmon plasma. Progressive Fish-Culturist. In Press.

Schreck, C.B.  Stress in fish. In: G. Fink (ed.). Encyclopedia of stress. Academic Press.  In Press.

Schreck, C.B. Accumulation and long-term effects of stress in fish. In: G. Moberg (ed.). C.A.B. International Press.  In Press.

CURRICULUM  VITAE: Anthony Vella
PERSONAL DATA:

Name:
Anthony T. VELLA, Ph.D.

Work:
Department of Microbiology, 220 Nash Hall, Oregon State University, Corvallis OR  97331

Work Phone:
(541)737-1861 or -5094

Internet:

vellaa@bcc.orst.edu

EDUCATION:

1986
B.A. - Biology, State University College of New York at Buffalo, Buffalo, New York

1989
M.S. - Biology, Rensselaer Polytechnic Institute, Troy, New York

1993


Ph.D. - Immunology, Cornell University, Ithaca, New York

PROFESSIONAL APPOINTMENTS:

1997-Present
Assistant Professor, Department of Microbiology, Oregon State University, Corvallis OR

1993- 1997
Postdoctoral Fellow - Howard Hughes Medical Institute, Department of Medicine, National Jewish Center for Immunology and Respiratory Medicine, Denver, CO.  

REPRESENTATIVE PUBLICATIONS:


Vella, A.T. and E.J. Pearce.  1992.  CD4+ Th2 response induced by Schistosoma mansoni eggs develops rapidly, through an early, transient Th0-like stage.  J. Immunol. 148:2283-2290.  

Vella, A.T., M.D. Hulsebosch and E. J. Pearce.  1992.  Schistosoma mansoni 
eggs induce antigen-responsive CD44hi Th2 cells and IL-4 secreting CD44lo cells:  potential for Th2 subset differentiation is evident at the precursor level.  J. Immunol. 149:1714-1722.

Humphries, D., A.T. Vella and E.J. Pearce.  1994. Increased CD4+ T cell-dependent anti-eythrocyte antibody levels following the onset of parasite egg production in Schistosoma mansoni  infected mice.  Parasite Immunol. 16:469-477.

Vella, A.T. and E.J. Pearce.  1994.  Schistosoma mansoni  egg-primed Th0 and Th2 cells:  failure to downregulate IFN-g production following in vitro culture.  Scand. J. Immunol. 39:12-18.

Vella, A.T. and E.J. Pearce.  1994.  CD4+ T cell receptor Vb usage during the immune response to Schistosoma mansoni.  Infect. and Immun. 61:5381-5383.

Vella, A.T., J.E. McCormack, P.S. Linsley, J.W. Kappler, and P. Marrack.  1995.  Lipopolysaccharide interferes with the induction of peripheral T cell death.  Immunity  2:261-270.

Vella, A.T., M.T., Scherer, L. Shultz, J.W. Kappler, and P. Marrack.  1996.  B cells are not essential for peripheral T cell tolerance.  Proc Natl Acad Sci. USA.  93:951-955.

Vella, A.T., J.W. Kappler, and P. Marrack.  1996.  Policing autoreactive T cells.  Aspekte.  6:29-35.

Hamelmann, E., A.T. Vella., A. Oshiba, J. W. Kappler,  P. Marrack, and E. W. Gelfand  1997.  Allergic airway sensitization induces T cell activation but not airway hyperresponsiveness in B cell-deficient mice.  Proc Natl Acad Sci U S A   94:1350-1355.

Vella, A.T., T. Mitchell, B. Groth, P.S. Linsley, J. M. Green, C. B. Thompson, J.W. Kappler, and P. Marrack.  1997.  CD28 engagement and proinflammatory cytokines contribute to T cell expansion and long-term survival in vivo.  J. of Immunol.  158:4714-4720.

Teague, T.K., J.W. Kappler, P. Marrack and A.T. Vella.  1997.  Interleukin-6 blocks naive T cells from apoptosis.  J. of Immunol.  158:5791-5796.
�PAGE \# "'Page: '#'�'"  �Page: 4���Enter project title from Part 1


�PAGE \# "'Page: '#'�'"  �Page: 4���Describe the project and work to be accomplished. Specifically, describe how the proposal is innovative. Please limit to 300 words.


�PAGE \# "'Page: '#'�'"  �Page: 4���Clearly identify the problem your innovative project addresses. Describe the background, history, and location of the problem. Include a scientific literature review that covers the most significant previous work history related to the project, including work of key project personnel on any past or current work similar to the proposal. The purpose of the literature review is to place the proposed research in the larger context of what work has been done, what is known, and what remains to be known. All references should be concisely summarized, cited, and listed in section g below


�PAGE \# "'Page: '#'�'"  �Page: 8���Describe why your innovative project is needed. Specifically, describe the relation of your proposed project both to regional management objectives and to the goals and objectives of the � HYPERLINK "http://www.nwppc.org/ftpfish.htm#I1" ��1994 Fish and Wildlife Program�, � HYPERLINK "http://www.nwr.noaa.gov/1habcon/habweb/biops.htm" ��NMFS Biological Opinion�, or other plans. Make a convincing case for how the proposed work will further goals of the fish and wildlife program. Relate project objectives and hypotheses as specifically as possible to the fish and wildlife program objectives and measures or to other plans. Show how the proposed work is a logical component of an overall conceptual framework


�PAGE \# "'Page: '#'�'"  �Page: 8���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: '#'�'"  �Page: 9���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: '#'�'"  �Page: 9���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: '#'�'"  �Page: 9���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: '#'�'"  �Page: 16���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: '#'�'"  �Page: 17���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: '#'�'"  �Page: 20���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.





3

