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Section 3. Project description

Provide project detail for headings a through g. 

a. Abstract

In the last decade, nearly a dozen captive propagation programs have been implemented in the Columbia and Snake River Basins to maintain or rebuild depressed and declining populations of Pacific Salmon.  NMFS (2000) has recently identified a number of additional populations that may require intervention with artificial propagation.  The captive broodstock programs currently underway utilize either full life cycle rearing to amplify the population through juvenile releases or release of captive-reared adults for natural spawning.  An alternative broodstock approach that has significant potential is the sequestration of populations into freshwater environmental reserves, where the life cycle may be completed without migration to and from the ocean.  The high cost of present captive broodstock approaches emphasizes the need to investigate the success of alternative approaches.  The relative reproductive success and offspring fitness fish provides a critical measure of the success of captive broodstock approaches.  Opportunities to comparatively evaluate the relative reproductive success of captive broodstock strategies are rare and, indeed, necessary evaluation techniques have not been completely developed.  An experiment in progress at the NMFS Alaska Fisheries Science Center’s Little Port Walter (LPW) Research Station presents a unique and cost effective opportunity to simultaneously investigate the reproductive success and offspring fitness characteristics of artificially propagated steelhead derived from a sequestered Oncohrhynchus mykiss population and its founder anadromous population.  Progeny from all four parental cross-types of the two populations were both released as smolts and held as captive broodstock.  Adults from all groups will be placed in their ancestral stream and behavioral interactions and spawning success quantified in instream enclosures in spring 2001.  DNA fingerprinting will allow quantification of parental contribution to the F1 generation.  Offspring behavioral interactions and fitness will be quantified in laboratory behavior trials.  The innovative combination of behavioral and genetic metrics will provide important insights for uses of alternative artificial propagation strategies to aid recovery of declining salmonid populations.

b. Technical and/or scientific background

Problem

Optimum rearing and reintroduction strategies for U.S. Endangered Species Act (ESA)-listed stocks of salmon and steelhead in the Columbia River Basin have not been established. Captive broodstocks are becoming an increasingly important component of species preservation.  The success of these programs in aiding recovery is uncertain, largely because behavioral deficiencies in reintroduced animals appears to be a major impediment to the success of captive propagation programs of salmonids and other animals (e.g., Gipps 1991, Olney et al. 1994, Berejikian et al. 1997, Berejikian et al. in press).  Sequestration of anadromous populations into lake-stream systems may provide a less costly and more natural alternative to expensive ($100K to $500K/year) captive broodstock programs.   However, the ability of sequestered populations to re-establish self-sustaining anadromous populations is virtually unknown.  

To date, captive populations of chinook salmon O. tshawytscha in the Columbia and Snake River Basins have been established by removing embryos or juveniles from their natal habitats and culturing them to adulthood to bypass high juvenile-to-adult mortality (Waples and Do 1994; Flagg et al. 1995; Schiewe et. Al. 1997).  When sexually mature, the adults in a captive culture program may be used in two ways.  Conventional captive broodstock programs rely on artificial spawning of the captively reared adults to produce large numbers of offspring  for further culture or release (usually as smolts) into the wild (e.g., three Grande Ronde R. captive broodstocks).  Alternatively, mature captively reared adults may be returned to their natal streams to spawn naturally (e.g., three Salmon River populations).  The adult-release (i.e., ‘captive rearing’) strategy provides the opportunity for natural and sexual selection to occur on the spawning grounds, and may reduce the potential for genetic change associated with artificial spawning of the adults and hatchery propagation of the progeny.  Nevertheless, captive rearing emphasizes the dramatic differences in environmental conditions encountered by captive and wild salmon.  The unnatural rearing environment experienced by captively reared salmon, no matter how brief, may limit their ability to spawn naturally and reproduce.  
The ultimate success of captive broodstock programs, which release smolts, and captive rearing programs, which release adults, depends on the survival and reproductive success of reintroduced fish.  The relative reproductive success of fish from the two primary release strategies currently implemented for captive broodstocks (i.e., adult release and smolt release) has not been comparatively evaluated.  Scientific literature suggests that environmental effects of captive culture can influence the success of both strategies. For example, Fleming et al. (1997) found that naturally produced (wild) Atlantic salmon demonstrated greater breeding success, yet with a lesser degree of fighting, than fish from a common genetic background that were reared in a hatchery and released as smolts (sea-ranched).  This strongly suggests that early development can influence breeding behavior and success. Recent work conducted by the NMFS has identified reduced breeding success in coho salmon that were reared from fry to adult in captivity (captively reared) compared to wild coho salmon (Berejikian et al. 1997).  However, offspring of captively reared females were more competitive than offspring of wild females in laboratory behavior trials (Berejikian et al. 1999).  Captive rearing also appears to affect the breeding behavior and reduce the reproductive performance of chinook salmon (Berejikian et al. in press), although direct comparisons have not been made with wild fish.  These studies represent a starting point for understanding the effects of captive culture on reproductive success of reintroduced fish.  Similar work has not been initiated for steelhead.  The reproductive success of fish produced from smolt-release vs. adult-release strategies may differ because of the contrasting environments they experience during the seawater phase of their life cycle.  Adequate evaluation requires the concurrent availability of fish produced from both strategies and the application of powerful evaluations.  

The high cost of artificial propagation programs, particularly those which require rearing to adult, emphasizes the need to investigate alternatives.  The sequestration of anadromous populations into freshwater environments (lake-stream systems), where the life cycle may be completed without migration to and from the ocean, affords a potential alternative strategy for maintaining the genetic integrity of declining populations.  Sequestration bypasses mortality associated with the migratory corridor and ocean life history phase while allowing the sequestered population to live and reproduce in a natural environment.  However, differential selection pressures experienced by freshwater resident vs. anadromous life histories may affect the ability of sequestered populations to re-establish self-sustaining anadromous populations.

Since the mid 1990s, NMFS Alaska Fisheries Science Center (AFSC) has been conducting NMFS-supported evaluations of steelhead captive broodstock in southeast Alaska.  Although the research is being conducted outside the Columbia River Basin, it provides a truly unique opportunity to address critical questions related to the recovery of endangered salmonid populations, the role of artificial propagation, and new innovative approaches to recovery.  The ASFC research includes concurrent evaluation of a resident (sequestered) O. mykiss population that has been reproductively isolated from its founder anadromous steelhead population for approximately 70 years. Progeny of artificial matings of pure lines and hybrids have been cultured to the smolt stage (and released) and to the adult stage (still in captivity).  We are unaware of any other location where the opportunity exists to concurrently investigate the effects of such interventions on a wild population, which otherwise has had no hatchery influence.  Over 5 years of work including artificial matings, hatchery rearing, marking, genetic and life history analysis has already been conducted, relieving the present proposal of substantial expense (>$100K/ year) and effort that would be required to initiate a new project of this nature. The AFSC research has reached the stage where substantial numbers of fish from these programs will be returning to spawn or mature in captivity over the next 2 years.  The AFSC research will evaluate survival, life history, reproductive characteristics (egg size, fecundity etc), and genetic characteristics.  This proposal will employ a combination of DNA-microsattelite and behavioral monitoring techniques to investigate adult-to-fry natural reproductive success and juvenile fitness-related behavioral characteristics.   

The research described below offers a unique opportunity to expand knowledge of captive broodstock approaches, performance, and effectiveness relative to other, more natural and lower-cost options.  

c. Rationale and significance to Regional Programs

Current captive broodstock efforts for Columbia River Basin salmon stocks began in the early 1990s with a National Marine Fisheries Service (NMFS), Idaho Department of Fish and Game (IDFG), Shoshone-Bannock Tribe (SBT), and Bonneville Power Administration (BPA) collaborative project for restoration of Redfish Lake sockeye salmon.  Efforts expanded in the mid 1990s with addition of NMFS, IDFG, SBT, BPA, Oregon Department of Fish and Wildlife (ODFW), and Nez Perce Tribe (NPT) cooperatives for six stocks of Snake River spring/summer chinook salmon.  By the late 1990s, captive broodstock protection for Columbia River Basin stocks had been additionally conferred to three stocks of spring chinook salmon from the mid Columbia River and Tuccannon River stock Snake River fall chinook salmon through, respectively, Grant County PUD and Washington State Department of Fish and Wildlife (WDFW) coordinated programs.  Captive broodstock approaches may well be the best alternative to extinction for some populations.  However, monitoring and evaluation of survival and changes in population abundance, alongside intensive research of the proximal causes, will be necessary to fully evaluate the effectiveness of the technology.  

To assist in evaluation and to help guide the implementation captive broodstock programs, BPA has been sponsoring research (BPA Project #93-056) that has provided a scientific foundation for implementation of  Columbia River Basin salmon captive broodstocks (Flagg and Mahnken 1995).  This research has been identified as a priority in the Northwest Power Planning Council’s (NWPPC) Columbia Basin Fish and Wildlife Program (7.4D.1) and the NMFS proposed Recovery Plan for Snake River salmon (4.1b, 4.1c—Schmitten et al. 1995; Chapter 7—Schmitten et al. 1997).  Captive broodstock research has allowed careful captive broodstock programs to proceed.  Nonetheless, captive broodstock technology for Pacific salmon is still in the developmental stages. 

In addition to the nine captive broodstock and captive rearing programs mentioned in section a, (NMFS 2000) has identified six populations of steelhead and several salmon populations, which have dropped to critically low levels and continue to decline.  Following thorough risk benefit analyses, captive propagation programs for some or all of these populations may be required to reduce the risk of extinction, and more programs may be required in the future.  Thus, captive propagation programs designed to maintain or rebuild populations, and development of innovative programs, which might be undertaken at a lower cost, require intensive and rigorous scientific evaluation. 

d. Relationships to other projects 

There are monitoring and evaluation efforts associated with the captive broodstock programs for three stocks Salmon River chinook salmon, Grande Ronde chinook salmon, and Stanley Basin sockeye salmon.  Adult release of captively reared fish and smolt releases are represented as a significant portion these programs’ reintroduction strategies.  The sponsors of this project are integrally involved in the planning and evaluation of those programs through the Stanley Basin Sockeye and Snake River Chinook Technical Oversight Committees and through research conducted under BPA Project 93-056 – Assessment of Captive Broodstock Technology. We suspect that steelhead captive broodstocks are likely to be initiated in the near future and propose the following research to provide information to guide their implementation.  We are unaware of any other projects simultaneously evaluating the reproductive success and juvenile fitness-related behaviors of fish from captively reared and sea-ranched populations of identical ancestral origin, nor do any projects exist to evaluate these parameters for sequestered and anadromous populations. The proposed study applies an integrated approach including behavioral evaluation of breeding success and of rapidly evolving microsatellite DNA analysis to assess parentage.

Although this research will take place outside the Columbia River Basin, the results of the research will provide important insight into the potential success of alternative population recovery opportunities in the Basin.  The planning, design, and implementation that have been completed provide an unprecedented opportunity to evaluate the relative reproductive performance of a resident (i.e. sequestered) population and its founder anadromous population.  The effects of two main captive broodstock-based propagation and reintroduction strategies (smolt release vs. adult release) will be evaluated for each type of program.  The research products will provide greater certainty to base decisions of population recovery in the Columbia River Basin, both for ongoing and potential future programs.
e. Proposal objectives, tasks and methods

Objectives
 

Objective 1.  Determine the relative reproductive performance of captively reared and sea-ranched (smolt-released) steelhead from anadromous and sequestered populations.

The Sashin Creek drainage is located near the southeast tip of Baranof Island, in southeast Alaska.  Approximately 70 years ago, wild steelhead fry were collected from Sashin Creek and stocked into Sashin Lake, which previously contained no O. mykiss and is separated from the endemic anadromous population in the lower creek by a falls that is a complete barrier to upstream migration.  Sashin Lake now has a healthy resident population that has been completely reproductively isolated from the anadromous steelhead population.  The resident population still produces migratory smolts, so the Sashin Creek steelhead population downstream of the adult migratory barrier is partially reproductively isolated from the resident population in Sashin Lake.  No other stocking of native or non-native hatchery steelhead into Sashin Creek or Sashin Lake has occurred.

Studies conducted by AFSC scientists to determine the genetic consequences of long-term freshwater sequestration and genetic selection in captive populations has lead to the development of the following experimental design.  In June 1997, 80 families were created, including 20 each of the following cross-types: 1) resident female x resident male; 2) resident female x anadromous male; 3) anadromous female x resident male; and 4) anadromous female x anadromous male.  Approximately, 17,000 age-2 smolts representing the four cross-types were coded-wire-tagged  and released into Sashin Creek in 1999.  Substantial numbers of surviving fish are expected to return in spring 2001.  Approximately 4,000 PIT-tagged fish were moved to marine net-pens in 1998.  The majority of these fish are expected to mature concurrently with the sea-ranched fish, and will be available for the experiments described below.  

Thus, there are eight distinct groups of interest:  captively reared fish representing each of the four cross-types, and sea-ranched fish representing each of the four cross-types.  Objective 1 of the present proposal is to gain critical information on reintroduction success of the different strategies.  The genetic and life history evaluations already underway by the AFSC will complement our proposal to test the following general null hypotheses.

H01:  Captive-reared and sea-ranched fish have equal reproductive performance

H02:  Parental cross-type has no effect on reproductive performance

H03:  The reproductive performance of adults produced from the four cross-types does not differ depending on whether they were captively reared or sea-ranched (i.e., cross-type by rearing environment interaction)

Tasks and Methods
 

Task 1.1 Quantify Adult Breeding Behavior

Returning adults from the smolt-release group (SR) will be collected at a weir on the mouth of Sashin Creek for use in the reproductive behavior and genetic experiments.  As fish are collected they will be anesthetized, weighed, measured, photographed, marked with an individually numbered external Petersen Disk Tag.  The parental cross-types of these adults will not be known until after spawning is complete and spent fish are recaptured at the weir.  Therefore, it is likely that equal representation of the four crosstypes will not be achievable.  However, equal numbers of captively reared (CR) adults from each of the four cross-types will be measured, weighed, etc.  Both CR and SR fish will be simultaneously placed into a large enclosure (approximately 80 m long by 5 m wide) in Sashin Creek where successful spawning has been documented.  Fish from the CR and SR groups will be size-matched as closely as possible to minimize potential confounding effects of inter- and intra-sexual selection based on size (Fleming and Gross 1994; Berejikian et al. in press).  Prior to their introduction, a small portion of the anal fin of each fish will be collected and preserved in 100% ethanol for DNA microsattelite analyses. 

The goal of Task 1.1 will be to quantify behavioral measures of breeding success for each gender.  Measures of female breeding success will include the number of nests spawned, egg retention, nest-guarding ability.  Male success will be determined by the frequency of courting behavior (Quinn and Foote 1994), and the order of entry into the nest at the time of spawning (Fleming and Gross 1993, 1994).  The behavioral observation protocols will follow Berejikian et al. (1997).  Briefly, the behavior of each visible fish will be recorded several times per day from behind observation blinds on the stream bank.  The frequency of courtship behaviors will be recorded on pre-formatted data sheets.  The reproductive status of each fish will also be recorded: males will be categorized as courting, satellite, wandering or inactive.  Females will be categorized as inactive, nest digging, or nest guarding.  The proportion observation in which fish are observed in these states will be used as a surrogate measure of breeding success (Quinn and Foote 1994; Berejikian et al. in press).  When a pair or aggregate of fish approach spawning, determined by courtship and nest digging frequencies (Tautz and Groot 1975), a remote battery-operated underwater video camera will be emplaced to continuously record all behaviors exhibited in the developing nest area prior to, during, and after spawning.  Video tapes will be reviewed to describe the detailed reproductive behavior and determine the order in which various males enter the nest, which will provide a measure of fertilization success (Fleming and Gross 1992, 1994).

The ability of females to deposit eggs is a primary measure of breeding success (Fleming and Gross 1993, 1994).  To estimate the number of eggs deposited by each female, we will subtract the number of eggs retained in the body cavity at death from their estimated fecundity.  Fecundity will be estimated by individually counting eggs of artificially spawned females from the same cross-types and size range as those used in this study.  A least-squares regression procedure will be used to determine the relationship between POH length and fecundity.  Fecundity of females used in the spawning experiment will be estimated by entering their POH length into the regression equation. 

Data on behavioral frequencies, reproductive status and egg deposition will be analyzed by a two-way ANOVA.  Some response variables may need to be transformed to meet ANOVA assumptions (e.g., percentage data). Non-parametric analogues to a two factor ANOVA will be implemented when ANOVA assumptions cannot be met. Cross-type and rearing treatment are the main effects (fixed) of interest. 

Task 1.2.  Determine adult-to-parr reproductive success by DNA analysis

Adult-to-parr reproductive success will be determined by microsatellite DNA techniques (fingerprinting).  Such techniques have been applied to determine the adult-to-fry reproductive success of captively reared and wild coho salmon under experimental conditions (L. Park and B. Berejikian. unpublished data).  Steelhead microsatellite markers for the purposes of determining parent-progeny ratios are currently being used by the University of Idaho on populations from the Snake River (Powell and Faler unpublished data).  The goals of this task are to 1) quantify differences in adult-to-fry reproductive success of the experimental populations, and 2) determine the relationships between behavioral measures of breeding success and more direct DNA-based measures. 

In late summer, parr will be collected from throughout the anadromous portion of Sashin Creek.  A portion of fin tissue will be removed from a random sample of parr, and preserved in ethanol.  Microsatellite loci will be evaluated to assign each sampled fry to the single-pair mating from which it was produced.  Currently, nine microsatellite primer sets are being tested for this purpose, Ots 100, Ots 108a, Ots 2, Ots 9, Omy RgT8, Omy RgT10, Omy RgT37, Omy RgT44, and Omy RgT47. DNA from each sample will be PCR amplified using these primers and then separated on a Perkin- Elmer/ABI model 310 automated fragment analyzer.  Genotypes will be assigned using the Genotyper and GeneScan software from Perkin-Elmer/ABI.  Parentage (paternal/maternal exclusion analysis), kinship (mean kinship coefficients), pedigrees, estimation of environmental covariates, genotype-environment interaction effects, effective population size, and individual heterozygosities will be analyzed using KINDRED, and ANALYZE in the Genetic Analysis Package (Epicenter Software) and Arlequin (Excoffier 2000).  Estimates of linkage among genetic assignments and loci can then be estimated using maximum likelihood and principal component analyses. Due to the present cost of conducting such analyses, we will limit collections to 1,000 samples.  An a priori estimate of statistical power analysis is difficult to determine, because of the unknown variability in breeding success of individual steelhead.  A reverse power analysis will be conducted following the assignment of parr to single-pair matings to determine sample sizes, and minimum detectable differences in adult-to-fry reproductive success.  This information will aid other projects in addressing similar problems, as the application of DNA fingerprinting technology increases.

The response variable will be the proportion of progeny produced by individual adults.  Proportion data will be arcsin-transformed if appropriate and analyzed by a two factor ANOVA.  Body-size, which can influence reproductive performance, will be included in the analysis as a covariate (Fleming and Gross 1992; Berejikian et al. 1997).  

Correlations between behavior response variables (see Task 1.1) and parent-progeny ratios will be investigated to determine the accuracy of behavioral monitoring in determining breeding success.  
Objective 2.  Determine whether survival related behavioral characteristics differ among F1 juveniles from the sequestered and anadromous populations.

The abundance of juvenile salmonids in streams may be regulated by agonistic interactions among competing individuals.  Agonistic encounters among newly emerged salmonids competing for limited resources may have a pronounced long-term effect on fitness (Chapman 1966).  Dominant individuals have been shown to experience greater foraging success (Nielsen 1992), lower stress (Abbott and Dill 1989), and higher growth rates (Metcalfe et al. 1990; Metcalfe 1991; Nielsen 1992) than subordinates.  More competitive individuals also tend to obtain more energetically profitable microhabitats (Fausch 1984; Metcalfe 1986), and hierarchical relationships have been shown to be stable (i.e., non-reversible) in longitudinal studies of juvenile salmonids (Abbott et al. 1985; Abbott and Dill 1989) and other fish (Francis 1983; Beacham 1988).  Hatchery studies have provided the most convincing evidence that divergence in juvenile competitive behavior can occur within a few generations (Swain and Riddell 1990; Berejikian et al. 1996).  Genetically based differences in aggressive behavior and competitive ability between wild populations (coho salmon) have been observed in populations from river systems that are much different ecologically, physically, and are geographically distant (i.e., 80 km apart: Rosenau and McPhail 1987).  However, it is not known whether genetic divergence will occur in a relatively short evolutionary time period (in this case 70 years) in habitats which require life history adaptations (i.e, anadromous vs. resident).  The extent to which behavioral adaptations to ancestral environments change may play a role in determining the ability of sequestered populations to re-establish healthy self-sustaining anadromous populations.

Tasks and Methods
 

Task 2.1 Evaluate competitive behavior

First generation offspring of the four crosstypes held in captivity will be used to test the hypothesis that sequestration has no effect on agonistic behavior and social dominance.   

Progeny from each of the four groups will be reared in replicate vessels until they are sampled for behavioral observation in August and September 2001.  Fish from each crosstype will be marked in July 2001 with a differently colored visible latex tag (Pow’rject System, Newwest Technologies, Santa Rosa, CA:
) injected into the anal fin tissue.  Social dominance will be determined by the following methods.  Four fish, one fish from each of the four crosstypes, will be matched for equal body weight (within 7.5%) and introduced into a single aquarium.  After 48 hours acclimation, the frequency of attacks (including nips, charges, and chases) and lateral displays will be recorded for each fish in the cell for 15 min.  A fish will be considered dominant only if it 1) maintains its feeding station until the end of the observation, 2) delivers more attacks than it receives, 3) never exhibits submissive posture (Keenleyside and Yamamoto 1962), and 4) never retreats when attacked or approached by other fish.  At the end of the day one, each dominant fish will be removed and assigned a rank of four.  The observation procedure will be repeated on days two and three, and the dominant fish on those days will be assigned a ranks of three and two, respectively.  The remaining fish was assigned a rank of one.  A total of 80 trials will be conducted, including an equal number of contests between all combinations of the three rearing tanks per treatment and naturally reared fish.  A Wilcoxon signed rank test (Z – approximation. Zar 1984) was used to compare the ranks of the four groups.  

The agonistic behavior frequencies of dominant fish on day 1 of the experiment will be compared to determine, among dominant fish from each crosstype, whether the frequency of aggressive behaviors differ.  Testing fish from the different treatments attaining equal social status, will provide another measure as to whether adaptive differences in territorial behavior have occurred after 70 years of sequestration.  A Kruskall-Wallis procedure will be applied to test for differences among the treatments. 

f. Facilities and equipment

Laboratory and office space, and fish rearing facilities are available at the Little Port Walter Research Station.  Stream enclosures in Sashin Creek will need to be constructed to facilitate the adult reproductive success experiment.  A remote underwater video recording system must be purchased.  Aquariums (20) with supports, plumbing, and some miscellaneous laboratory supplies will be required to facilitate juvenile behavioral evaluations. All laboratory and collateral support equipment necessary for genetic analysis are available for this project at the University of Idaho, Fisheries Genetics Laboratories. 

g. References

Abbott, J. C., and L. M. Dill.  1989.  The relative growth of dominant and subordinate juvenile steelhead trout (Salmo gairdneri) fed equal rations.  Behaviour  108:104-113.

Abbott, J. C., R. L. Dunbrack, and C. D. Orr.  1985.  The interaction of size and experience in dominance relationships of  juvenile steelhead trout (Salmo gairdneri).  Behaviour 92:241-253.

Beacham, J. L.  1988.  The relative importance of body size and aggressive experience as determinants of dominance in pumpkinseed sunfish, Lepomis gibbosus. Anim. Behav. 36:621-623

Berejikian, B. A., S. B. Mathews, and T. P. Quinn.  1996.  The effects of hatchery and wild ancestry on the development of agonistic behavior in steelhead trout fry (Oncorhynchus mykiss).  Can. J. Fish. Aquat. Sci. 53:2004-2014.

Berejikian, B. A., R. J. F. Smith, E. P. Tezak, S. L. Schroder, and C. M. Knudsen.  1999. Chemical alarm signals and complex hatchery rearing habitats affect anti-predator behavior and survival of chinook salmon (Oncorhynchus tshawytscha) juveniles.  Can. J. Fish. Aquat. Sci. 56: 830-838.

Berejikian, B. A., E. P. Tezak, and A. L. LaRae.  Female mate choice and spawning behavior of chinook salmon (Oncorhynchus tshawytscha) under experimental conditions.  J. Fish. Biol. 57: 647-661.

Berejikian, B. A., E. P. Tezak, A. LaRae, T. A. Flagg, and E. Kummerow, and C. V. W. Mahnken.  2000.  Social dominance, growth and habitat use of age-0 steelhead (Oncorhynchus mykiss) grown in enriched and conventional hatchery rearing environments. Can. J. Fish. Aquat. Sci. 57: 628-636.
Berejikian, B. A., E.P. Tezak, S. L. Schroder, T. A. Flagg, and C. M. Knudsen.  1999.  Competitive differences between newly emerged offspring of captively reared and wild coho salmon salmon (Oncorhynchus tshawytscha).  Trans. Am. Fish. Soc. 128: 832-839.  

Berejikian, B. A., E. P. Tezak, and S. L. Schroder.  In press. Reproductive behavior and breeding success of captively reared chinook salmon (Oncorhynchus tshawytscha).  N. Am. J. Fish. Manage.  

Berejikian, B. A., E. P.Tezak, S. L. Schroder, C. M. Knudsen, and J. J. Hard.  1997. Reproductive behavioral interactions between spawning wild and captively reared coho salmon (Oncorhynchus kisutch).  ICES J. Mar. Sci. 54:1040-1050.

Chapman, D. W.  1962.  Aggressive behavior in juvenile coho salmon as a cause of emigration.  J. Fish. Res. Board Can. 19:1047-1081.

Chapman, D. W.  1966.  Food and space as regulators of salmonid populations in streams.  Am. Naturalist 100:345-357

Excoffier, L. 2000. Arlequin: A software for population genetics data analysis. University of Geneva, Switzerland.

Fausch, K. D.  1984.  Profitable stream positions for salmonids:  relating specific growth rate to net energy gain.  Can. J. Zool. 62:441-451.

Francis, R. C.  1983.  Experiential effects on agonistic behavior in the paradise fish, Macropodus opercularis.  Behaviour 5:292-313.

Flagg, T. A., and C. V. W. Mahnken (editors).  1995.  An assessment of captive broodstock technology for Pacific salmon.  Report to Bonneville Power Administration, Contract DE-AI79 93BP55064, 299 p.
Flagg, T. A., C. V. W. Mahnken, and K. A. Johnson.  1995.  Captive broodstocks for recovery of Snake River Sockeye Salmon.  Am. Fish. Soc. Symp. 15: 81-90.

Fleming, I. A., and Gross, M. R.  1992.  Reproductive behaviour of hatchery and wild coho salmon (Oncorhynchus kisutch): does it differ?  Aquaculture 103: 101-121.

Fleming, I. A., and Gross, M. R.  1993.  Breeding success of hatchery and wild coho salmon (Oncorhynchus kisutch) in competition.  Ecol. Appl. 3: 230-245.

Fleming, I. A., and Gross, M. R.  1994.  Breeding competition in a Pacific salmon (coho: Oncorhynchus kisutch): measures of natural and sexual selection.  Evolution 48: 637-657. 

Fleming, I. A., Jonsson, B., and Gross, M. R.  1994.  Phenotypic divergence of sea-ranched, farmed, and wild salmon.  Can. J. Fish. Aquat. Sci. 51: 2808-2824.

Fleming, I. A., Jonson, B., Gross, M. R., and Lamberg, A.  1996.  An experimental study of the reproductive behaviour and success of farmed and wild Atlantic salmon (Salmo salar).  J. Appl. Ecol. 33: 893-905.

Fleming, I. A., Lamberg, A., and Jonsson, B.  1997.  Effects of early experience on the reproductive performance of Atlantic Salmon.  Behav. Ecol. 8: 470-480.

Hard, J. J, B. A. Berejikian, E. P. Tezak, S. L. Schroder, C. M. Knudsen, and L. T. Parker.  2000.  Evidence for morphometric differentiation of wild and captively reared adult coho salmon (Oncorhynchus kisutch Walbaum): a geometric analysis.  Env. Biol. Fish. 58: 61-73.

Keenleyside, M. H. A., and Yamamoto, R. T.  1962.  Territorial behaviour of juvenile Atlantic salmon (Salmo salar).  Behaviour 19: 139-169.

Metcalfe, N. B.  1986.  Intraspecific variation in competitive ability and food intake in salmonids:  consequences for energy budgets and growth rates.  J. Fish Biol. 28:525-531.

Metcalfe, N. B.  1991.  Competitive ability influences seaward migration age in Atlantic salmon.  Can. J. Zool. 69:815-817.

Metcalfe, N. B., F. A. Huntingford, J. E. Thorpe, and C. E. Adams.  1990.  The effects of social status on life history variation in juvenile salmon.  Can. J. Zool. 68:2630-2636.

National Marine Fisheries Service (NMFS).  2000.  Conservation of Columbia Basin Fish:  Draft Basin-wide Salmon Recovery Strategy.  Prepared in consulation with the Federal Caucus.  Volume 2: 179 p.

Nielsen, J.  1992.  Microhabitat-specific foraging behaivor, diet, and growth of juvenile coho salmon.  Trans. Am. Fish. Soc. 124:617-634.

Quinn, T. P., and C. J. Foote.  1994.  The effects of body size and sexual dimorphism on the reproductive behaviour of sockeye salmon, Oncorhynchus nerka.  Anim. Behav. 48:751-761.

Riddell, B. E., and D. P. Swain.  1991.  Competition between hatchery and wild coho salmon (Oncorhynchus kisutch):  genetic variation for agonistic behaviour in newly-emerged wild fry.  Aquaculture 98:161-172.
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Schmitten, R., W. Stelle, Jr., and R. P. Jones.  1997.  Draft Proposed Recovery Plan for Snake River Salmon.  
Schroder, S. L.  1981.  The role of sexual selection in determining the overall mating patterns and mate choice in chum salmon.  Doctoral Dissertation, University of  Washington, Seattle, 241 p.

Tautz, A. F., and C. Groot.  1975.  Spawning behavior of chum salmon (Oncorhynchus keta) and rainbow trout (Salmo gairdneri).  J. Fish. Res. Board Can. 32:633-642.
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Section 4. Key personnel

Curriculum Vita-- Dr. Barry A. Berejikian

Project Duties:  Co-principal investigator; 0.1 FTE, NMFS contribution in-kind.

Education:

· Ph.D, Fisheries Science, University of Washington, Seattle, WA, 1995.

· M.S., Fisheries Science, University of Washington, Seattle, WA, 1992.

· B.S., Fisheries Science, California Polytechnic State University, San Luis Obispo, CA., 1990.

Employer:  National Marine Fisheries Service, Northwest Fisheries Science Center, Resource Enhancement & Utilization Technologies Division.

Position:  Fisheries Research Biologist, Team Leader (Behavioral Ecology), NMFS employee since 1994.

Present assignment: Project Leader of the BPA funded Assessment of Captive Broodstock Technologies Project (93-056).  Dr. Berejikian’s responsibilities include identifying the effects of captive rearing on adult reproductive behavior and success.  Dr. Berejikian is also a Principal Investigator on the “NATURES” project, evaluating the effects environmental parameters on the behavioral attributes of steelhead juveniles.

Previous research/expertise:  Dr. Berejikian is a behavioral ecologist.  His graduate research  dealt with juvenile steelhead behavior and predator-prey interactions.  He is an expert in quantifying Pacific salmon breeding behavior and success, and juvenile behavioral ecology of salmonids.  He has published numerous papers and is regularly invited to speak at national and international meetings.

Five Relevant Publications:

Berejikian, B. A., S. B. Mathews, and T. P. Quinn.  1996.  The effects of hatchery and wild ancestry on the development of agonistic behavior in steelhead trout fry (Oncorhynchus mykiss).  Can. J. Fish. Aquat. Sci. 53:2004-2014.

Berejikian, B. A., E. P. Tezak, and A. L. LaRae.  Female mate choice and spawning behavior of chinook salmon (Oncorhynchus tshawytscha) under experimental conditions.  J. Fish. Biol. 57: 647-661.

Berejikian, B. A., E. P. Tezak, A. LaRae, T. A. Flagg, and E. Kummerow, and C. V. W. Mahnken.  2000.  Social dominance, growth and habitat use of age-0 steelhead (Oncorhynchus mykiss) grown in enriched and conventional hatchery rearing environments Can. J. Fish. Aquat. Sci. 57: 628-636.
Berejikian, B. A., E. P. Tezak, and S. L. Schroder.  In press. Reproductive behavior and breeding success of captively reared chinook salmon (Oncorhynchus tshawytscha).  N. Am. J. Fish. Manage.  

Berejikian, B. A., E. P.Tezak, S. L. Schroder, C. M. Knudsen, and J. J. Hard.  1997. Reproductive behavioral interactions between spawning wild and captively reared coho salmon (Oncorhynchus kisutch).  ICES J. Mar. Sci. 54:1040-1050.

Curriculim Vita--Thomas A. Flagg

Project Duties:  Co-principal investigator; 0.1 FTE, NMFS contribution in-kind.

Education:


· B.S. (Fisheries Biology), University of Washington, Seattle, WA; 1976.

· M.S. (Fisheries Biology), University of Washington, Seattle, WA; 1981.

· Ph.D. Program, University of Idaho, present.

Employer:  National Marine Fisheries Service, Northwest Fisheries Science Center, Resource Enhancement & Utilization Technologies Division.  NMFS employee since 1978.

Position: Supervisory Fisheries Research Biologist, Program Manager (Salmon Enhancement), NMFS employee since 1978.

Present assignment:   Program Manager for NMFS’ Hatchery Technology and Behavioral Ecology Teams.  Responsibilities include scientific and administrative oversight of conservation hatchery research including captive broodstock husbandry of ESA-listed stocks, captive broodstock technology development, NATURES, hatchery reform protocols, and fish behavior and ecological interaction studies.

Previous research/expertise:  Includes research associated with:  determination of status of depleted stocks of fish including those proposed for listing as threatened or endangered under the Endangered Species Act; development of the passive integrated transponder (PIT) tagging system for salmonids; development of freshwater and seawater net-pen aquaculture husbandry and captive broodstock techniques for Atlantic and Pacific salmon (including research in the areas of aquaculture systems design and development, stock rearing strategies, nutrition, disease investigations, maturation and spawning, hormonal sex reversal, smoltification, and stock performance); investigation of fish-collection and transportation related mortalities in juvenile salmonids in the Columbia River system; evaluation of the impact of the 1980 Mt. St. Helens eruption on juvenile salmonids in the Columbia River system; and investigation of the relationship between swimming behavior, smoltification status, and seawater survival for coho salmon.

Relevant Publications include:

Flagg, T. A., B. A. Berejikian, J. E. Colt, W. W. Dickhoff, L. W. Harrell, D. J. Maynard, C. E. Nash, M. S. Strom, R. N. Iwamoto, and C. V.W. Mahnken.  2000.  Ecological and behavioral impacts of artificial production strategies on the abundance of wild salmon populations.  U.S. Dep. Commer., NOAA Tech. Memo. NMFS-NWFSC-41, 91 p.

Flagg, T. A., and C.V.W. Mahnken.  2000.  Endangered species recovery:  captive broodstocks to aid recovery of endangered salmon stocks.  Encyclopedia of Aquaculture, J. Wiley and Sons, p. 290-292.

Schiewe, M. H., T. A. Flagg, and B. A. Berejikian.  1997.  The use of captive broodstocks for gene conservation of salmon in the western United States.  Bull. Natl. Res. Inst. Aquacult., Suppl. 3:29-34.

Flagg, T. A., C. V. W. Mahnken, and K. A. Johnson.  1995.  Captive broodstocks for recovery of Snake River sockeye salmon.  Am. Fish. Soc. Symp. 15:81-90.

Flagg, T. A., and C. V. W. Mahnken (editors).  1995.  An assessment of captive broodstock technology for Pacific salmon.  Report to Bonneville Power Administration, Contract DE-AI79 93BP55064, 299 p.

Curriculum Vita– Frank P. Thrower
Education:

M.S., Fisheries Science, University of Alaska, Fairbanks, Ak, 1988.

B.S., Fisheries Science, University of Washington, Seattle, Wa, 1973.

Employer: National Marine Fisheries Service, Alaska Fisheries Science Center, Auke Bay Laboratory.

Position: Fisheries Research Biologist, Team Leader (Salmon Enhancement Research), Station Manager, Little Port Walter Research Station.

Present assignment: Project Leader of the NMFS Protected Resources funded Inbreeding/Outbreeding Depression Research on Steelhead Trout.  Responsibilities include identifying the impacts of 70 years of freshwater sequestration of an anadromous stock of steelhead on fitness related characters such as survival, growth and age at maturation in captive and wild environments.

Previous research/expertise: Mr. Thrower has conducted research on the biology of rainbow trout at tropical latitudes in South America while working with the Food and Agriculture Organization of the United Nations and the U.S. Peace Corps (1974-1976).  He has also worked as a research biologist with the NMFS studying the downstream migration of juvenile salmonids in the Snake and Columbia Rivers (1977-1980).   He conducted graduate research on the migratory behavior and straying of adult pink salmon in Southeast Alaska; on the propensity for straying in native, non-native and hybridized stocks of chum salmon; and pioneered the use of half-length coded wire tags on emergent pink salmon  (1981-1983).  He has worked as a research biologist for the NMFS at the Auke Bay Laboratory since 1983 and has worked on a wide variety of fisheries problems including:  the effects of Tributyl Tin antifouling compounds (TBTO) on survival of chinook and chum salmon in net-pens and on bio-accumulation of TBTO in the edible portions of exposed fish; the effects of net-pen rearing on marine survival of chinook and chum salmon; the use of an artificial freshwater lens (AFLS) to improve marine survival of chinook salmon;  the comparison of gamete viability between ocean ranched and captive steelhead trout and chinook salmon; and the inheritance of microsatellite loci in steelhead trout.

Relevant Publications:
Thrower, F. P., 1993.  Gamete viability of ocean ranched and farmed steelhead.  Fish Farming Technology, Proceedings of the first international conference on fish farming technology, Trondheim Norway, 9-12 August, 1993, pp 435-438.  Reinertsen, Dahle, Jorgensen, Tvinnereim (eds), Balkema, Rotterdam ISBN 90 5410 326 4.

Ardren, W. R., S. Borer, F. P. Thrower , J. E. Joyce, and A. R. Kapuscinski. 1999.  Inheritance of 12 Microsatellite Loci in Oncorhynchus mykiss.  The Journal of Heredity, 1999:90(5) pp 529-536.

Curriculim Vita—Dr. Matt Powell

Project Duties:  Co-principle investigator/subcontractor.

Education:

· Ph.D, Zoology, Texas Tech University, Lubbock, TX, 1995.

· M.S., Zoology, University of Idaho, Moscow, ID, 1990.

· B.S., Zoology, University of Idaho, Moscow, ID, 1985.

Employer:  University of Idaho, Aquaculture Research Institute.

Position: Research Scientist, Supervisor, Center for Salmonid and Freshwater Species at Risk, Affiliate Assistant Professor, Department of Fish and Wildlife Resources, University of Idaho employee since 1995. 

Present assignment:  Dr. Powell serves on technical oversight committees for the Snake River sockeye salmon (captive broodstock) and Salmon River chinook salmon (captive rearing) programs. His laboratories generate genetic data for both programs and assist in the development of breeding protocols and strategies.

Previous research/expertise:  Dr. Powell is a molecular geneticist trained at the Los Alamos National Laboratory and Texas Tech University . He has studied population genetics since 1990 and has worked on anadromous salmonids in the Pacific Northwest since 1995. He currently teaches continuing education courses in genetics for the U. S. Forest Service and the American Fisheries Society.

Five Relevant Publications:

Powell, M.S.  (review solicited by editor for 2000) The application of molecular genetic markers in fisheries management. Reviews in Fisheries Science, CRC Press. 

Powell, M.S. and J.C. Faler. 2000. Genetic analysis of endangered Snake River sockeye salmon using mitochondrial DNA. Annual Report. Bonneville Power Administration, Portland, OR.

Powell, M.S. and J.C. Faler. 2000. Genetic analysis of threatened chinook salmon (Oncorhynchus tshawytscha) populations form the Snake River Basin. HFCES/University of Idaho Technical Report. University of Idaho, Moscow, ID. 16pp. 

Paragamian, V.L., M.S. Powell, J.C. Faler, and S. Snelson. 1999 Mitochondrial DNA analysis of burbot Lota lota stocks in the Kootenai River Basin of British Columbia, Montana, and Idaho. Trans. Am. Fish. Soc. 128:868-874

Powell, M.S. and P.J. Anders. 1999. Genetic variation among Columbia Basin white sturgeon populations. Annual Report. Bonneville Power Administration, Portland, OR. 
� Reference to trade names does not imply endorsement by the National Marine Fisheries Service, NOAA
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