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a. Abstract 
We propose to assess the influence of salmonid hatcheries and hatchery-reared fish on transmission of disease to naturally rearing fish.  Specifically, we will focus on the transmission of Renibacterium salmoninarum (Rs), the causative agent of bacterial kidney disease (BKD), from spring chinook salmon (Oncorhynchus tshawytscha) hatcheries to wild fish via three potential sources: (1) hatchery effluents or outfalls, (2) released hatchery-reared fish, and (3) stocked adult salmon carcasses.  To evaluate source 1, we will first measure levels of Rs temporally in water above and below selected hatcheries.  We will then conduct replicated experiments in large, NATURES-type artificial streams stocked with relatively healthy subyearling wild spring chinook salmon to test the effects of effluents from hatchery raceways with juvenile hatchery fish from parents with different Rs levels on the Rs profiles of the wild fish.  Replicated experiments in NATURES-type streams will also be used to assess the influence of released hatchery fish on Rs transmission to wild fish.  These experiments will involve rearing relatively healthy subyearling wild fish in the artificial streams, stocking subyearling hatchery fish from parents with low or high Rs levels in the streams, allowing the fish to interact over a period of several months, and determining the Rs profiles in wild fish during the time of their natural outmigration.  Finally, preliminary evaluations of potential fish health effects of stocked carcasses will be done, including a study of Rs survival in carcasses under hatchery freezer conditions, and monitoring of Rs concentrations in stream water and resident fish above and below areas where hatchery carcasses are stocked.  Although this research is focused on BKD, our methods and analyses could be modified to study other pathogens of interest.  Information derived from this study should address some major information gaps related to the efficacy of hatcheries and supplementation programs to assist in restoring wild salmonid populations.  

b. Technical and/or scientific background

Fish hatcheries are an integral component of salmonid management and restoration efforts in the Columbia River basin.  Historically, salmonid hatcheries in the Pacific Northwest have provided numerous benefits to help mitigate depressed populations of naturally spawning fish.  For example, artificial production has helped to mitigate, to some extent, the loss of spawning and rearing habitat, provided opportunities for sustaining or increasing tribal and sport harvest, and helped with the maintenance or reintroduction of some wild populations.  However, hatcheries also pose some inherent risks to naturally spawning populations, many of which are poorly understood.  Some common concerns about the impact of hatcheries on wild populations include competition or predation issues, changes in genetic diversity of hatchery and wild fish, difficulty in estimating the relative abundance of wild fish, and disease transmission to wild fish, which is the subject of our proposal.  Although some recent studies suggest that the impacts of hatcheries on wild fish may be substantial (e.g., see Berejikian et al. 1996; Reisenbichler and Rubin 1999), Brannon et al. (1998) provide some valid insight into the uncertainty associated with this issue:

“....there is little empirical evidence on hatchery impacts in the Columbia Basin.  Although some are tempted to attribute the decline of wild stocks in the Basin on interaction with hatchery fish, as well as even the poor success of hatchery fish on hatchery practices, such evidence, at best, is indirect and neglectful of the other major environmental perturbances in the system.  The task of making linkages is a formidable one, but necessary in the fair resolution of hatchery assessment.”  

The concerns and uncertainty associated with hatcheries have prompted regional managers to take action regarding research, management, evaluation, and reform of basin hatcheries.  This is evidenced by numerous recommendations for hatchery reforms in documents such as the NPPC 2000 Fish and Wildlife Program, the 2000 FCRPS Biological Opinion, and the Artificial Production Review, as well as the formation of the Council’s Artificial Production Advisory Committee.  

One of the critical uncertainties associated with salmonid hatcheries and their products is an assessment of their influence on the transmission of diseases to naturally rearing fish.  In particular, the presence of salmonid hatcheries may significantly influence the amount of the pathogen Renibacterium salmoninarum (Rs), the causative agent of bacterial kidney disease (BKD), that enters natural river systems.  Despite several years of research aimed at prevention and control, BKD is still one of the most serious diseases among populations of cultured salmonids worldwide (Fryer and Sanders 1981; Elliott et al. 1989; Pascho et al. 2002).  The disease is still a significant problem in the Columbia River basin, where it has had a severe impact at hatcheries and is prevalent in several species of Oncorhychus during the juvenile outmigration (Sanders et al. 1992; Maule et al. 1996; Elliott et al. 1997).  Renibacterium salmoninarum can be transferred from the female parent to progeny (vertical transmission; Bullock et al. 1978; Evelyn et al. 1984) and by fish contacting bacteria through food, feces, or water (horizontal transmission; Wood and Wallis 1955; Mitchum and Sherman 1981; Balfry et al. 1996).  An increase in the abundance of the pathogen in natural waters has the potential to influence the number of wild fish that carry the pathogen and ultimately express disease.  Three different pathways that can increase the concentration of pathogens in rivers include: (1) pathogen amplification within hatcheries and release of Rs into rivers through hatchery effluent water; (2) release of  infected hatchery-reared fish; and (3) stocking of hatchery adult salmon carcasses with high Rs levels into streams.  Unfortunately, there is little information to assess the pathogen risks of these pathways to wild fish despite their common occurrence.  Transfer of Rs from infected fish (“sentinel fish”) to relatively uninfected fish and from the water to uninfected fish has been demonstrated in laboratory experiments (Bell et al. 1984; Murray et al. 1992; Starliper et al. 1997).  Further, transmission of Rs from wild to stocked hatchery brook (Salvelinus fontinalis), brown (Salmo trutta), and rainbow trout (Oncorhynchus mykiss) has been documented (Mitchum and Sherman 1981) and the converse mechanism is highly likely (i.e., transmission from hatchery to wild fish).

Because infections of Rs have been documented in wild populations of fish (see Fryer and Lannan 1993; National Wild Fish Health Survey), one could argue that Rs-infected hatchery fish do not pose a significant risk of disease to wild fish that are likely already infected with the pathogen.  However, like hatchery fish, all wild fish within a population may not be infected with the pathogen and all infected fish do not express clinical disease.  Increased exposure to Rs as a result of contact with water or fish with high levels of  Rs may increase the frequency or magnitude of infections in wild fish and expression of clinical disease.  In addition, an increase in hatchery fish numbers in the wild after a release could cause undue psychological and physiological stress in wild fish and thereby increase the susceptibility of wild fish to disease (Pearsons and Hopley 1999 and references therein).  Finally, fish infected with even moderate levels of Rs may be more susceptible to other causes of indirect mortality, such as predation or gas bubble trauma (Mesa et al. 1998; Weiland et al. 1999).

Spring chinook salmon O. tshawytscha are among the fish most susceptible to BKD (Bullock and Wolf 1986) although many species such as coho salmon O. kisutch, rainbow trout, and brook trout have also contracted and been killed by the disease (Fryer and Sanders 1981; Fryer and Lannan 1993).  Spring chinook salmon display a variety of Rs infection levels in hatcheries, and severely infected hatchery fish can shed large numbers of bacteria that may enter rivers through hatchery effluents or from the fish themselves after they are released.  McKibben and Pascho (1999) documented the shedding of bacteria by infected chinook salmon in laboratory settings.  Frequently, the progeny from female salmonids with high ELISA values or fish sublethally infected with other pathogens are released into natural waterways as fry, parr, or smolts, with the assumption that the lowered densities resulting from the release of fish into the wild will decrease severity of BKD and increase the survival of those hatchery fish.  However, this assumption has not been tested.  Further, it is now a common management practice to stock hatchery adult salmon carcasses into rivers to restore lost marine derived nutrients resulting from a lack of naturally spawning fish.  The likelihood that this practice may be a vector for the transmission of pathogens to naturally rearing fish has received little, if any, attention.  This is surprising considering that: (1) many hatchery managers have opposed the stocking of carcasses above hatchery water intakes because of the risk of infecting fish in the hatchery; (2) the practice of feeding raw salmon carcasses and viscera to juvenile salmon was ceased because of the concern of BKD transmission; and (3) feeding of infected flesh and viscera of adult chinook salmon to juvenile chinook salmon for 41 to 52 days resulted in complete (100%) transmission of BKD (Wood and Wallis 1955).  Recent work has shown that wild coho salmon and trout or steelhead will feed on the flesh and eggs of stocked carcasses (Bilby et al., 1996; 1998).  Thus, stocking infected carcasses could increase the prevalence of BKD in wild fish through direct consumption and by an increase in the concentrations of bacteria in the water.

Clearly, fish hatcheries, hatchery practices, supplementation programs, and hatchery fish are major concerns of regional managers and biologists charged with trying to restore depressed populations of wild salmonids.  Although, as mentioned above, there are numerous potential impacts of hatcheries on wild fish, the notion of pathogen transmission from hatcheries or their products to wild fish has remained largely unstudied.  Information on this topic would be useful to those attempting to evaluate and reform hatcheries to better serve the complex environmental challenges facing wild salmonids today. 

c. Rationale and significance to Regional Programs
Our proposed research is directly related to issues and concerns raised in the 2000 NPPC Fish and Wildlife Program, the 2000 FCRPS Biological Opinion, the Artificial Production Review, the Federal Caucus publication Conservation of Columbia Basin Fish (also known as the “all-H” paper), and other documents.  Specifically, the NPPC program states: “artificial production actions must have an experimental, adaptive management design.  This design will allow the region to evaluate benefits, address scientific uncertainties, and improve hatchery survival while minimizing the impact on, and if possible, benefiting fish that spawn naturally”.  Our research addresses the overall goal of the action agencies (the COE, BOR, and BPA) in their 2002-2006 Implementation Plan for the FCRPS paraphrased as “..to reduce or eliminate adverse genetic, ecological, and management effects of artificial production on natural populations while retaining and enhancing the potential of hatcheries to contribute to basinwide objectives in conservation and recovery”.  

Our proposed research addresses several future needs in the Artificial Production Program Summary prepared for the systemwide/mainstem RFP.  In this document, the authors list several areas of research relevant to our proposal that have not been addressed, including: (1) studies of ecological interactions of hatchery and wild fish addressing factors such as agonistic interactions, physiological responses of fish to environmental cues, and disease transmission; (2) replicated field or laboratory experiments to determine the nature and extent of ecological risks to wild salmonids that are associated with the release of hatchery fish; and (3) studies on infectious diseases, which still continue to impact the success of artificial production operations.

Specifically, our research addresses actions toward RPA 184 in the 2000 Biological Opinion.  The short description of this RPA is to “develop a hatchery research, monitoring, and evaluation program to determine whether hatchery reforms reduce the risk of extinction for salmonids”.  Actions associated with this RPA received 1st priority to address FCRPS Biological Opinion gaps.  Some of the specific actions associated with this RPA that are relevant to our proposed research include: (1)  further refine and evaluate hatchery reform measures showing promise to minimize impacts to wild fish; (2) quantitatively estimate the effects of competition from released hatchery fish on the growth and survival of wild salmonids; (3) assess hatchery and wild stocks in terms of  interactions related to disease transmission; and (4) undertake replicated field and laboratory experiments designed to test the effects of interactions from hatchery-released fish on the behavior, growth, and survival of wild salmonids.  Finally, in our opinion, this proposed research addresses some aspects of RPA 188, which calls for research addressing “extra mortality” (EM) of Columbia basin salmonids.  In this RPA, one potential cause of EM is disease and our work should provide some new insight into the potential of hatchery practices to contribute to this particular hypothesis.
d. Relationships to other projects 
The information gained from this project will complement information obtained from current BPA Project No. 2000-072-00 (Systemwide), which is being conducted by investigators from the U.S. Fish and Wildlife Service, the U.S. Geological Survey, and the National Marine Fisheries Service.  This project, “Heritability of Disease Resistance and Immune Function in Chinook Salmon,” is investigating possible genetic effects of the broodstock culling practiced to prevent outbreaks of BKD among spring chinook salmon in Columbia and Snake River hatcheries.  Although broodstock culling has proven to be a powerful tool for reducing BKD during hatchery rearing and after release, this practice could reduce future fitness if immune function is heritable or correlated genetically with high ELISA values.  Whereas Project No. 2000-072-00 is addressing the genetic consequences of culling or retaining parent fish with high Rs levels in a hatchery population, the present proposal examines possible consequences of such actions on the health of wild fish residing in the area.  The combined data from these projects are important for optimizing hatchery broodstock maintenance procedures.   

This project will be coordinated with and enhance the Yakima Fisheries Monitoring And Evaluation Project # 95-063-25 (Columbia Plateau).  This study tests the assumption that new artificial production techniques can be used to increase harvest and natural production while maintaining the long-term genetic fitness of supplemented populations and keeping adverse genetic and ecological interactions with non-target species or stocks within acceptable limits.  This proposal specifically addresses some aspects of Task 4g in 95-063-25, titled “Ecological Interactions, pathogen sampling”.  The purpose of Task 4g. is to determine if supplementation increases the incidence of pathogens by establishing a baseline data set describing existing levels of pathogens in wild spring chinook prior to introduction of hatchery fish.  This proposal would more directly evaluate the potential transmission of the pathogen causing BKD from hatchery fish to their wild counterparts

This project will collaborate with and enhance the current fish health monitoring and data collection at the Cle Elum Supplementation and Research Facility (CESRF) that is presently being conducted by the U.S. Fish and Wildlife Service, Olympia Fish Health Center (USFWS/OFHC).  This center has collected and analyzed BKD-ELISA data for adult chinook salmon and smolts at CESRF since 1997.  This fish health data is added to other fish cultural data maintained by the Yakima Nation for analysis of factors  that influence survival by rearing units at the facility.    

e. Project history (for ongoing projects) 

This is a new project.

f. Proposal objectives, tasks and methods
Objective 1—Determine if salmonid hatcheries amplify Rs concentrations in effluent water or outfalls and subsequently influence the health of fish residing below the hatchery

Null Hypothesis 1:  “There are no differences in concentrations of Rs between hatchery effluent water and representative sites upstream and downstream from the hatchery at a given sample time.”

Null Hypothesis 2:  “There are no differences in concentrations of Rs on a temporal basis at a given sample site.”

Null Hypothesis 3:  “There are no differences in prevalence and levels of Rs in wild fish exposed to hatchery effluent water containing the progeny of females with high or low Rs levels” 


Task 1a—Compare existing and modified methods for detection and quantification of Rs in water samples.


Task 1b—Select three representative production or supplementation fish hatcheries for sampling sites.


Task 1c—Collect water samples, temporally over the course of a year, at the hatcheries and at selected sites upstream and downstream of the hatcheries.


Task 1d—Quantify the concentration and viability of Rs present in all water samples.

Task 1e—Design and construct artificial streams (see Objective 2) connected via inflow pipes to standard hatchery raceways for waterborne Rs transmission studies.


Task 1f—Determine the efficacy of the dynamics and concentrations of Rs from  hatchery effluents to infect fish and cause disease.


Task 1g—Analyze and write up data

Methods

Current methods for detection and quantification of Rs in  water samples (McKibben and Pascho 1999) may be inadequate for testing large sample volumes (50-100 mL or greater) that would likely be required for detection of Rs in environmental samples where it may be present in low concentrations.  Because it will be important to assess the impact of chronic exposure of fish to relatively low levels of Rs to complete the objectives of this work, the first task of this objective will be to compare current methods for Rs quantification in water samples with methods now under investigation at the Western Fisheries Research Center (WFRC) for use with larger sample volumes.  One test that will be used in comparisons is the membrane filtration-fluorescent antibody technique (MF-FAT) developed by Elliott and Barila (1987) and adapted for water sample testing by McKibben and Pascho (1999).  The MF-FAT involves concentration of bacteria from samples on membrane filters and can detect about 1 Rs cell per mL in 10 mL of water.  The current MF-FAT will be compared with other concentration-epifluorescence procedures that can be used with larger sample volumes (e.g., Jones et al. 1989; Stockner et al. 1990).  Although the MF-FAT is useful for quantification of total Rs cells, the present test cannot distinguish dead from live bacteria.  

Epifluorescence techniques are frequently used in conjunction with culture for enumeration of total and viable bacteria.  Currently, culture on selective KDM2 medium (SKDM, Austin et al. 1983) is used for detection of viable Rs in water samples (McKibben and Pascho 1999), but this test has not been adapted for use with large sample volumes.  We plan to test a procedure modified from that of Ford  (1994) for quantification of the fish pathogen Aeromonas salmonicida in 100-mL water samples. This procedure involves concentration of bacteria on membrane filters, then blotting of the filters on culture plates, which are then incubated under appropriate conditions for colony growth.

Recent developments in solid-phase cytometry have provided sensitive tools for the rapid detection of specific microorganisms in water and confirmation of their viability or metabolic activity without the use of culture (e.g., McFeters et al. 1999; Pyle et al. 1999; Reynolds and Fricker 1998; Lemarchand et al. 2001).  These procedures combine the concentration of bacteria from water onto membrane filters, double labeling of bacteria with a specific fluorescein isothiocyanate-conjugated antibody and a respiratory fluorochrome (or other physiological fluorochrome), and enumeration of labeled bacteria by epifluorescence microscopy and/or laser scanning cytometry.  We plan to investigate the feasibility of using solid-phase laser cytometry for quantification of total and viable Rs in water samples in cooperation with Dr. Barry H. Pyle, Department of Microbiology, Montana State University, Bozeman, Montana.

Polymerase chain reaction (PCR) assays, which incorporate the amplification of specific nucleic acid fragments of microorganisms to facilitate detection, have been used for detection of human and fish pathogens in water, often following a concentration step (e.g., Mayer and Palmer 1996; Wiklund et al. 2000; Queiroz et al. 2001).  A nested PCR developed at the WFRC has proven sensitive for detection of Rs in samples of fish tissues and body fluids (Chase and Pascho 1998; Pascho et al. 1998), but has not been used for water samples and is not quantitative.  A quantitative PCR for Rs is now under development at the WFRC.  This method might prove useful for enumerating total bacteria in samples, but cannot distinguish live from dead bacteria.  A nested PCR for Rs messenger RNA developed by Cook and Lynch (1999) can distinguish live from dead bacteria (due to the short half-life of mRNA), but is not quantitative.  As they become available, the suitability of PCR techniques for enumeration of Rs in water samples will be investigated.

The various techniques described above will first be tested with water samples seeded with known concentrations of Rs.  Lake Washington water will be used to test for interference in assays by organic compounds, contaminating microorganisms, etc.  Final testing of methods will use Rs-seeded and unseeded water from various sources in the Columbia Basin.  For methods requiring viable bacteria, the effect of time, storage conditions, and the use of transport media on Rs viability will be evaluated. 

It is expected that improved methods for detection and quantification of Rs in water samples will be developed within 1 year of the start of this work, as significant progress has already been made in this area.  These methods will be used for all tasks requiring Rs quantification in water.  However, further evaluation of techniques for water sampling and analysis will continue throughout the duration of this project, as new methodologies for Rs detection (e.g., quantitative PCR and solid-phase laser cytometry) become available.  Further refinements would improve water analysis methods for future research or monitoring needs.

Production and supplementation hatcheries and the area surrounding them will be chosen in task 1 b for water sampling (task 1c) based on several criteria, including: (1) at least all adult females are screened for Rs levels; (2) wild or naturally-rearing fish are found in the adjacent stream; (3) historical data records on fish characteristics, common practices, disease history, etc., exist for the hatchery; (4) there is reasonable access to sampling sites and sampling logistics are fairly straightforward; and (5) hatcheries are located in three different areas of the Columbia River basin.  One of the hatcheries sampled will be the Cle Elum Supplementation and Research Facility (CESRF) in the upper Yakima River Basin.  Other tentative selections include the Methow River Hatchery (Washington Department of Fish and Wildlife) and the Carson National Fish Hatchery on the Wind River (U.S. Fish and Wildlife Service).  Selection of these three facilities provides a good distribution of geographic location, hatchery mandate (i.e., production v. conservation), and hatchery practices.  Alternative selections include the Wenatchee, Warm Springs, Tucannon, Little White Salmon, and Kalama facilities.  
At each hatchery and in the surrounding area, we will collect water samples monthly over an entire year.  We will collect 3 water samples per day per site for 3 days each month.  The sites to be sampled include the following: (1) a natural salmonid spawning and rearing area upstream of the hatchery; (2) an area within 500 m upstream of the hatchery; (3) the hatchery effluent or outfall; (4) an area within 500 m downstream of the hatchery; and (5) an area several kilometers downstream of the hatchery.  This sampling design will allow us to document changes in Rs levels in the water as conditions change in the hatchery and natural environment (e.g., changes in the number, age, and species of fish being reared, natural and artificial spawning periods, changes in environmental conditions, changes in hatchery practices, etc.).  Further, this design will provide samples that correspond to the life cycle of the fish.  For example, at the CESRF, some key sampling times might be: (1) September, when shedding of Rs from the fish to the water might be high during spawning and rearing; (2) March, when shedding of Rs might be relatively low because alevins are being reared; (3) July, when shedding rates might be moderate because parr are residing in the hatchery; and (4) January, when shedding rates of Rs might be increasing due to the presence of smolting fish in the hatchery. 

All water samples will be analyzed by the optimized methods developed in task 1a.  Statistical methods appropriate to the selected procedures and Rs detection frequencies will be used  to test for temporal and geographical differences in Rs concentrations among samples.  At all hatcheries, detailed current hatchery records of fish handling activities, spawning, disease outbreaks, and population testing for pathogens will be used to provide information to explain possible fluctuations in Rs concentrations in effluent water.  In addition, monitoring activities in test raceways for task 1f will be used as appropriate to provide further information regarding fluctuations in Rs concentrations in effluent water at the CESRF or other selected facility (see below).   

To conduct a preliminary examination of waterborne transmission of Rs to wild fish from hatchery effluents, we plan to connect several of the artificial stream systems described in objective 2 to regular production  raceways (or to fiberglass artificial streams set up as raceways) so that a raceway provides inflow water for an artificial stream.  Although we realize this design does not exactly mimic effluent and pathogen flow from a hatchery to a natural river, we believe it does represent a worst-case scenario that should provide insight into the possibility of pathogen transmission from the effluent to wild fish.  This experiment is tentatively planned for the CESRF, but other hatcheries will be considered.  The final choice of hatchery to conduct this work will come after discussions with regional managers.  The standard raceways will either be stocked with hatchery subyearling spring chinook salmon at normal rearing densities for the hatchery, or with no fish.  If the study is conducted at the CESRF, the current density index (D.I.) recommendations for all rearing units at that facility are not to exceed 0.1 pounds per cubic foot per inch mean length of fish (D. I. units as per Piper et al. 1982).  This density is considered low by many of the current fisheries managers, but is designed to maximize the survival of fish reared at CESRF.  The hatchery fish in the raceways will be the progeny of adult females with low (or undetectable) or high Rs levels as defined by agency fish health biologists.  The subyearling wild spring chinook salmon in the artificial streams will be selected and stocked as described for objective 2.  Profiles of Rs infection, general health, and physiological status will be obtained for the hatchery and wild fish prior to stocking as described in objective 2.  Hatchery fish will be fed and reared according to standard hatchery practices and wild fish will be maintained as described for objective 2.  Monthly water samples (3 samples per day for 3 days per month) will be obtained from the raceways and living streams and analyzed for Rs by the improved methods developed in task 1a.  At the CESRF or other test facility, monitoring of the study raceways will be done by daily mortality records and monthly examination by the appropriate agency fish health biologists of 10 fish per raceway to determine overall condition and health of the population.  In addition, when the average size of individual fish in the raceways reaches at least 4 grams and before overwintering, each study raceway will be sampled (N=60; based on detecting at least one infected fish with a 95% confidence in a population (2000 with an assumed Rs prevalence of 5%; Thoeson 1994) to determine the prevalence and levels of Rs by ELISA.  The fish in the raceways will be sampled again at the time of  smoltification just before normal release.  Wild fish in the living streams will be sampled at similar times for Rs and physiological testing.  Sample numbers of wild fish will be based on the population size in each raceway and an assumed Rs prevalence of 5% (Thoeson 1994).  Chi-square analysis will be used to test for differences (P(0.05) in Rs prevalence among groups, and analysis of variance will be used to test for differences (P(0.05) in mean Rs antigen levels among groups.  Proposed treatment groups are shown in Table 1.  Each treatment group will be duplicated and, based on the results of the first year’s experiment, we will likely propose to repeat the experiment or a modified version thereof in a future year. 

Table 1. Proposed treatment groups for task 1f (two streams of wild fish per treatment).

______________________________________________________________________





Wild fish


       Hatchery fish

Treatment #

Rs level1
Density2

Rs level1
Density3


1

low

low




no fish


2

low

low


low

hatchery

3

low

low


high

hatchery

1Rs levels are based on Rs levels in female parents as measured by ELISA.  Rs levels in “high” parents would not exceed levels allowed for retention of progeny in the hatchery. “Low” Rs females would have low or undetectable levels of Rs by ELISA testing.

2Wild fish densities in living streams would be based on literature reports of stream rearing densities for wild chinook salmon.

3Hatchery fish in raceways above living streams would be maintained at normal hatchery rearing density.  

Objective 2—Determine whether release of hatchery fish from adult females with high Rs antigen levels can infect and ultimately influence the health of fish in the natural environment

Null Hypothesis 1:  “There are no significant changes in the Rs profiles of wild fish after rearing in a simulated natural environment with Rs-infected hatchery fish from the fry to the smolt stage (ca. 1 year) in comparison to profiles of wild fish reared alone in this environment.”   

Null Hypothesis 2:  “There is no effect of the prevalence and levels of Rs in hatchery fish on the prevalence and levels of Rs in wild fish during extended rearing of both groups of fish as cohabitants in a simulated natural environment.”

Null Hypothesis 3:  “There is no effect of stocking density of hatchery fish on the prevalence and levels of Rs in wild fish during extended rearing of both groups of fish as cohabitants in a simulated natural environment.”


Task 2a—Design and construct artificial streams for hatchery-wild fish pathogen transmission studies


Task 2b—Obtain and stock groups of wild and hatchery-reared subyearling spring chinook salmon into the artificial streams


Task 2c—Sample fish from the streams at selected time intervals during the year-long rearing period for indicators of infection level, nutritional status, and physiological condition


Task 2d—Compare infection levels and health of wild and hatchery fish during the rearing period


Task 2e—Analyze and write up data

Methods

To address this objective, we plan to design and construct six NATURES-type artificial streams.  This number of streams provides adequate replication of treatments and yields a powerful experimental design.  Although the exact design elements of these streams are not known at this time, we can provide some initial insight.  Each stream will be approximately 9.1-15.2 m long, 1.8 m wide, and 1.2 m deep.  They will be filled with natural substrates to form some riffles and pools, have some in-stream cover in the form of woody debris, and have completely flow-through water systems.  Natural food will enter the streams from the water source and from a feeding system that will be partially buried under the substrate.  The streams will be exposed to a natural photoperiod and water temperature regime.  We will purchase streams constructed of fiberglass.  The  location of these streams will be at the old hatchery ponds managed by the Spring Creek NFH located on the Big White Salmon River, WA.  This is an ideal site that has easy access yet is secluded and has a large volume of good quality water.  

After the streams are set up and running, the basic experimental design is as follows.  We will obtain a group of subyearling spring chinook salmon from the mating of wild fish at a conservation hatchery (e.g., the Cle Elum facility).  Progeny fish chosen for this study will be from female parents with low or undetectable Rs levels at spawning. At swim-up, groups of these fish will be stocked in each stream based on observed densities of fish in the wild.  Prior to stocking, a subsample of fish (N = 60) will be sacrificed for a physiological assessment and complete disease profile, including Rs infection levels.  After these fish have had time to adjust to the streams (ca. 2-4 weeks), we will simulate the release of fish from a hatchery by stocking fish at different densities and with different Rs infection levels into replicate streams containing the “wild” fish.  The hatchery-reared fish used in these experiments will be offspring from adult females that had low (or undetectable) or high levels of Rs during spawning.  The “high” Rs adults will be fish with the highest Rs levels (as determined by ELISA testing) from which progeny are retained in the population according to production policies.  As with the wild fish, we will characterize the physiological and disease status of a subsample of hatchery fish before stocking.  Before stocking, one group (either hatchery or wild fish) will be marked by clipping their adipose fins.  The treatments we would test are shown in Table 2.  For two consecutive years, we would test treatments 1,2, and 3 because we consider this design to represent the worst-case scenarios.  If we find little or no effects of these treatments (i.e., 2 and 3) on pathogen transmission from hatchery to wild fish, we will not test treatments 4 and 5.  If we do find significant effects of treatments 2 and 3, we will test treatments 4 and 5 in future years.  Using six streams, each of three treatments will be duplicated within a year.  Although our choice of treatments may not be all inclusive, we believe they represent a range of hatchery and wild fish interactions that occur in the wild.  We will refine our treatments further—to give them a high degree of ecological realism—after discussions with fishery managers and biologists and a more thorough examination of the literature.

Table 2.  Proposed treatment groups for task 2b.

______________________________________________________________________





Wild fish


       Hatchery fish

Treatment #

Rs level1
Density2

Rs level1
Density2

1

low

low




none


2

low

low


high

low


3

low

low


high

high


4

low

low


low

low


5

low

low


low

high

1Rs levels are based on Rs levels in female parents as measured by ELISA.  Rs levels in female parents have been shown to have long-term effects on the prevalence and levels in progeny fish, even in open water systems (Pascho et al. 1991, 1993; Elliott et al. 1995).

2Densities of hatchery and wild fish will be based on published studies and personal experience.

After all fish have been stocked in the streams, they will be allowed to rear and interact with one another for about a year.  During this time, we will obtain two more samples of each group of fish within each stream  to assess their physiology and disease status.  Samples will be obtained by lowering the water in a stream and seining and dipnetting fish into a bucket of anesthesia.  Sample numbers of wild and hatchery fish from the living streams will be based on the population size in each raceway and an assumed Rs prevalence of 5% (Thoeson 1994).  These samples will occur in the fall, before overwintering, and also in the spring of the following year at the time of smoltification.  Our sample in the fall should allow us to assess the transmission of Rs from hatchery to wild fish after 3-5 months of rearing.  Our sample during the period of smoltification will allow us to assess the disease status of fish after one year of rearing and just prior to the time of outmigration.  

For all fish, kidneys will be excised and analyzed for presence and levels of Rs antigen by an enzyme-linked immunosorbent assay (ELISA) as described by Pascho et al. (1987) and modified by Elliott and Pascho (1991).  In the future, we hope to also assay kidneys using a quantitative polymerase chain reaction assay now under development.  Tissues for physiological analysis, which will include blood, liver, muscle, and gill, will be assayed for nutritional factors such as plasma protein and triglyceride levels and muscle glycogen levels, and plasma cortisol, lactate, gill sodium potassium ATPase, and liver heat shock protein 70 content (hsp70) as indicators of physiological stress and development.  Chi-square analysis will be used to test for differences (P(0.05) in Rs prevalence among groups, and analysis of variance will be used to test for differences (P(0.05) in mean Rs antigen levels and physiological indicators among groups. 

Objective 3—Determine the influence of natural or artificial stocking of adult spring chinook salmon carcasses on Rs concentrations in natural waters and resident fish.

Null Hypothesis 1:  “Freezing of hatchery adult spring chinook salmon carcasses for up to 4 months before stocking in streams does not affect the survival of Rs in the carcasses”

Null Hypothesis 2:  “There are no differences in concentrations of Rs in stream water before and after artificial stocking with carcasses of adult hatchery spring chinook salmon.”

Null Hypothesis 3:  “There are no differences in concentrations of Rs in stream water upstream and downstream of carcasses in a stream artificially stocked with carcasses of adult hatchery spring chinook salmon.”

Null Hypothesis 4:  “There are no differences in the prevalence and levels of Rs in resident salmonids collected at least 1.6 km above an area stocked with carcasses of adult hatchery spring chinook salmon, and resident salmonids collected within and immediately below the area where carcasses are stocked.”

Null Hypothesis 5:  “There are no differences in concentrations of Rs in stream water above and below areas naturally stocked with carcasses during spawning of wild spring chinook salmon”


Task 3a—Quantify levels of viable Rs in spring chinook salmon carcasses at spawning and at monthly intervals for 4 months after storage in a hatchery freezer.

 
Task 3b—Obtain adult spring chinook salmon carcasses from a hatchery in which adults are tested to obtain Rs profiles at spawning; stock carcasses into test stream.


Task 3c—Collect water samples above, within, and downstream of areas that were artificially stocked with salmon carcasses, both before and after carcass stocking.

Task 3d—Quantify the level of Rs present in water samples collected from the stream artificially stocked with carcasses.


Task 3e—Collect samples of resident salmonids above, within, and downstream of areas that were artificially stocked with salmon carcasses, both before and after carcass stocking.

Task 3f—Quantify the level of Rs present in all fish collected from the stream artificially stocked with carcasses. 


Task 3g—Collect water samples above, within and downstream of areas naturally stocked with carcasses by spawning of wild spring chinook salmon.


Task 3h—Quantify the level of Rs present in water samples collected from areas of natural carcass stocking.


Task 3i—Analyze and write up data.

Methods

Hatchery spring chinook salmon carcasses are often frozen for up to 4 months (e.g., for Myxobolus cerebralis analyses) before stocking in streams, but the effect of storage in hatchery freezers on the viability of Rs is unknown.  If Rs viability is severely reduced or destroyed during freezer storage of carcasses, stocking of previously frozen carcasses may present little risk of Rs transmission to wild fish.  Therefore, the first task in this objective will be to test the effects of hatchery freezer storage on the viability of Rs in carcasses.  Carcasses of up to 120 adult spring chinook salmon will be obtained at spawning from the CESRF, Little White Salmon NFH, or other hatchery, with the final hatchery selection made after discussions of facility and fish availability with hatchery managers and regional fishery managers.  Fish for the study will be selected on the basis of the presence of clinical BKD lesions and/or high kidney ELISA values.  Portions of the anterior and posterior kidney of each spawned fish will be homogenized and part of each kidney sample will be tested immediately by the ELISA.  The remaining sample will be labeled and refrigerated until ELISA testing is complete, and carcasses will be individually tagged and bagged and stored in the hatchery freezer until ELISA data are available.  For each selected fish, serial dilutions of the refrigerated kidney homogenate will be made in peptone-saline, and spread plates of SKDM medium will be made from each dilution in triplicate.  Plates will be incubated at 15°C for at least 6 weeks for quantification of Rs.  The carcasses that are not selected for the study will be discarded, and the selected carcasses will continue to be stored in the freezer, which will be equipped with a continuous temperature recorder.  Once per month for 4 months, one-fourth of the carcasses will be removed from the freezer and kidney samples will be cultured for Rs quantification as previously described.  Carcasses will not be re-frozen after testing.  Thus, each carcass will be cultured twice: once at spawning and again after storage for 1-4 months.  The presence and levels of viable Rs between the two samples will be compared.  If Rs is destroyed by freezing of carcasses, further studies may be designed to define the conditions and time required for Rs destruction. However, if freezing in carcasses is determined to be an effective method of Rs destruction, the experiments described under tasks 3b-3h would be unnecessary.

For tasks 3b-3d, adult spring chinook salmon carcasses will be obtained from CESRF.  Kidney tissues from all adult fish will be tested by the ELISA to obtain an Rs profile of the carcasses.  These carcasses will be stocked into Manashtash Creek at known densities within established state guidelines as has been practiced by the Cle Elum facility for the past 2 years.  Manashtash Creek, in the upper Yakima River basin, contains populations of rainbow trout, brook trout, and cutthroat trout (O. clarki) but no chinook salmon.  Weekly water samples (3 samples per site on a given sample day) will be collected for 1 month before carcass stocking and 2 months following carcass stocking.  Sample areas will include a site about 500 m upstream from the stocked carcasses, two sites within the area where carcasses are stocked, and a site about 500 m downstream from the area stocked with carcasses.  Samples will be analyzed for Rs by the improved procedures developed in objective 1.

To asses the possible influence that past and present hatchery spring chinook salmon carcass planting might be having on resident salmonids in Manashtash Creek, samples of salmonid species residing in the creek will be taken by personnel electrofishing in July during 2 consecutive years (tasks 3 e-f).  Sampling preference will be given to brook trout because they are a non-native species in the creek and are highly susceptible to BKD.  One group of fish will be sampled from an area at least 1.6 km above the area of carcass planting, and the second group will be sampled from an area within and immediately below the area of carcass planting.  Target sample sizes will be based on the estimated population size from previous WDFW data and a presumed Rs prevalence of 5% (Thoeson 1994).  Kidneys from each fish will be removed, tested for Rs antigen and viable Rs by ELISA and culture on SKDM medium, and compared between groups using a two-sample t-test or a non-parametric analog.  

Natural “stocking” of spring chinook salmon carcasses occurs in the upper Yakima River following the deaths of spawned-out wild fish.  Spawning of wild fish is limited to areas below a dam on the upper river.  It is unknown whether wild fish carcasses may also contribute to an increase in Rs in river water.  To evaluate the influence of wild fish carcasses on Rs concentrations in the water (task 3g), water samples will be collected from a site above the upper Yakima River dam, from two sites within the wild fish spawning/carcass deposition area, and from a site about 500 m downstream from the main spawning area.  Weekly water samples will be taken and analyzed for Rs as described for task 3d.  Samples will be taken for 1 month during spawning and for 2 months after spawning and analyzed as previously described.  Water samples collected from the spawning area at other times of the year for objective 1 will provide additional information for this task. 

Analyses of data collected for this objective will be used to determine if further studies are needed to evaluate the influence of carcass plants on the Rs status of wild fish rearing in streams where carcasses are planted.  Possible future studies could include the monitoring of the Rs status of wild juvenile chinook salmon exposed to planted carcasses in artificial streams.  

g. Facilities and equipment
The U.S. Geological Survey’s Western Fisheries Research Center (WFRC), 6505 N.E. 65th Street, Seattle, WA, 98115, represents a state-of-the-art center for work on infectious diseases of fish that includes over 16,000 square feet of laboratory space for cell culture, virology, bacteriology, immunology, histology, parasitology, and molecular biology.  The laboratory also houses a 9,000 square foot wet laboratory supplied with pathogen-free fresh water to 20 individual bays (each with temperature control from 4-25(C) containing a total of more than 300 tanks of various sizes.  The laboratory effluent is treated with chlorine gas.  Within the dry lab complex is a restricted access Biosafety Level 3 laboratory containing dry and wet laboratories for work with exotic fish pathogens.  Also in the dry lab are a walk-in cold laboratory (4(C), walk-in cold storage (4 and -20(C), fluorescence microscopy rooms, a common computer room and an animal care facility meeting NIH guidelines.  The laboratory is equipped with 2 ultracentrifuges, 4 refrigerated centrifuges, 4 refrigerated microfuges, automated equipment for enzyme-linked immunosorbent assays (ELISA), more than 10 PCR machines including an ABI 7900 sequence detection system, automated DNA sequencer, peptide synthesizer, DNA synthesizer, pulsed-field, protein, and nucleic acid electrophoresis equipment, 4 spectrophotometers, luminometer, fluorometer, scintillation counter, 5 chemical fume and 10 laminar flow hoods, 10 ultrafreezers, 5 research microscopes, networked and stand-alone computers with internet and both DNA and image analysis capabilities, and other large and small equipment items commonly found in microbiology and molecular biology laboratories.  The WFRC marine field station at Marrowstone Island is also equipped with dry and wet laboratory facilities where fish disease research can be safely conducted using high-quality, temperature-controlled, pathogen-free seawater supplied to several hundred aquaria of various sizes.
The Columbia River Research Laboratory (CRRL) in Cook, WA, is part of the WFRC.  The CRRL has three state-of-the-technology analytical laboratories dedicated to enzymology, immunology and cell culture, and general physiology.  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, flame photometers, and ultracold freezers.  The laboratory is staffed with trained technicians and biologists proficient in these techniques with backgrounds in fish behavior, immunology, physiology, and endocrinology.  The 1500 sq. ft. wet lab facility is adequate to conduct various levels of investigation into fish development or behavior, including studies on disease resistance, reproduction, predator avoidance, thermal preference, osmoregulation, swimming performance and bioenergetics.  The CRRL has a modern computer network which services over 100 users at the facility and a GIS laboratory.  Computer software available for data analyses includes SAS, Excel, SigmaPlot, Statgraphics, and a variety of other word processing and data management software.  The CRRL has its own T-1 line for fast internet access. 

The CRRL has about 70 year-round fisheries professionals, 7 administrative staff, and regularly employs over 60 seasonal biologists and technicians.  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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Dr. Elliott has been involved in fish health research since 1976, and is one of only 50 professionals certified as a Fish Pathologist by the Fish Health Section of the American Fisheries Society. Since 1984, her principal area of research expertise has been salmonid bacterial kidney disease (BKD) caused by Renibacterium salmoninarum. Much of her research has involved fish populations in the Columbia and Snake Rivers. Her research has included studies on epizootiology, pathogenesis, detection, and control of BKD, and has involved the use of techniques in fishery biology, microbiology, molecular biology, histopathology, and immunology. This work has resulted in numerous publications and presentations, including invited authorships and lectures.    
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Research Fisheries Biologist, USGS-BRD, Columbia River Research Laboratory, 5501 Cook-Underwood Rd, Cook, WA, 98605, (509) 538-2299 ext. 246, matt_mesa@usgs.gov
Duties: project oversight for artificial stream work, physiological assays, fish sampling, analysis and write up of data
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B.S. (Natural Resources Management), California Polytechnic State University at San Luis Obispo, 1984;  M.S. (Fisheries Science), Oregon State University, 1989;  Ph.D. (Fisheries Science), Oregon State University, 1999. 
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My areas of expertise include general and stress physiology of fishes, ecological influence of diseases on fish, predator-prey interactions in fishes, and fish behavior and performance 
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Research Scientist 2, Washington Department of Fish and Wildlife, 201 N. Pearl St., Ellensburg, WA  98926, (509) 925-4467, pearstnp@dfw.wa.gov
Duties: assistance in the conduct and design of the artificial stream experiments, fish sampling, analysis and write up of data
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B.A., Aquatic Biology, University of California at Santa Barbara, 1985;  M.S., Fisheries Science, Oregon State University, 1989;  Ph.D., Fisheries Science, Oregon State University, 1994.
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Over 17 years of investigating the interrelationships of biota in aquatic ecosystems, 15 of those years involved salmonid ecosystems in the Pacific Northwest.  Co-authored ten BPA technical reports and 17 peer reviewed journal or book publications.  Research has focused on the ecology and monitoring of salmonid ecosystems including food limitation, competition, and predation.  Behavioral interactions of spawning salmonids, quantification of precocial salmon on redds, trapping salmonids, and characterizing spawning habitat has been performed for multiple years.
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Duties: project oversight on all activities occurring at the Cle Elum facility, data analysis and write up
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