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a. Abstract 
Anadromous fishery managers in the Snake River basin are increasingly faced with two disparate objectives in their programs, increasing the number of spawning adults and maintaining the diversity of natural populations.  Managers discussed possible means of achieving these goals by protecting small populations at high risk of extinction, and it was agreed that a form of captive culture might be appropriate for some stocks.  In response, the IDFG initiated the Captive Rearing Project for Salmon River Chinook Salmon.  The strategy of captive rearing is to prevent cohort collapse by providing captive-reared adult spawners to the natural environment, which, in turn, maintain the continuum of generation-to-generation smolt production.  Captive rearing also strives to maintain the genetic identity of the local population by utilizing naturally spawned individuals in the project.  However, captive rearing is a short-term approach to species preservation.  It does little to repair the underlying problems that have resulted in the decline of Pacific salmonids over the past decades, but the benefits of this program will be realized by maintaining locally adapted populations until these issues have been resolved.

The goal of this project is to develop and test captive rearing techniques.  Project activities are divided into two parts: hatchery propagation and spawning performance monitoring and evaluation.  The success of the project depends on developing culture techniques to produce fish with the proper behavioral, morphological, and physiological characteristics to successfully interact with and breed with wild individuals.  Field monitoring is used to document behavioral interactions, spawn timing, success of redds spawned by captive-reared individuals, and to determine if changes in culture technique result in the desired changes in reproductive behavior or performance.  

b. Technical and/or scientific background
Anadromous fishery managers in the Snake River basin are increasingly faced with two disparate objectives in their management programs, increasing the number of spawning adults and maintaining the genetic and biological diversity of natural populations.  The NPPC noted the need to balance these two needs in Section 4.1 of its 1994 Fish and Wildlife Program (NPPC 1994).  The NPPC further noted that actions aimed at increasing fish numbers and conserving biological diversity are both important to maintaining a healthy ecosystem.  In the pre decisional Snake River Salmon Recovery Plan (Schmitten et al. 1997), NMFS discusses the importance of metapopulation structure and recognizes the importance of conserving smaller local populations in their Delisting Criterion 1.  Also, the National Research Council (1995) described the need of recovery plans to include the creation of multiple subpopulations to ensure population viability.

Snake River spring/summer chinook salmon have been substantially influenced by reduced productivity and production from the development of the Snake River hydrosystem (Petrosky and Schaller 1994; Schaller et al. 1999) and this has contributed to the listing of Snake River chinook salmon under the Endangered Species Act (NMFS 1992).  The spring/summer chinook salmon runs in 2000 and 2001 were two of the highest on record, but the vast majority of these fish were produced in and destined for hatchery facilities throughout the Columbia and Snake river basins.  While wild fish have also benefited from the favorable migratory and ocean conditions believed responsible for these increased returns, the number of wild spawners remains critically low.  A recovery strategy incorporating natural-river function is most likely to increase the smolt-to-adult return rate and provide for recovery of these populations (Marmorek et al. 1998).  However, until smolt-to-adult survival is increased, our challenge is to preserve the existing metapopulation structure (by preventing local or demographic extinctions) of these stocks to ensure local populations will remain to benefit from future recovery actions.

Fishery managers in the Snake River basin convened to discuss possible means of maintaining overall stock structure of the Snake River chinook salmon population by protecting small populations or stocks at high risk of extinction.  It was agreed that a form of captive culture might be appropriate for some stocks.  However, it was not known how captive culture could best be used to ensure the continued existence of the stocks and at the same time maintain the genetic and/or biological diversity of these same stocks.  Two approaches were identified: a conventional captive brood stock program and a captive rearing program.  The two approaches share a similar goal, in general to maintain Snake River chinook salmon metapopulation structure, by preventing local extinctions of high risk populations.  Future population rebuilding opportunities can be exercised if this goal is met. 

The Snake River basin fishery managers agreed to test the utility of each captive culture approach (brood stock versus rearing) by implementing each strategy in a separate basin.  The Oregon Department of Fish and Wildlife initiated a captive brood stock program with brood year 1994 Grande Ronde basin chinook salmon (BPA 199604400).  The IDFG initiated the captive rearing program with brood year 1994 Salmon River basin chinook salmon.  Collectively, the two approaches aim at maintaining the entire Snake River basin chinook salmon metapopulation structure, while investigating two forms of captive culture and determining their future utility.  A successful captive rearing program would provide in place and in kind mitigation.

The IDFG initiated the Captive Rearing Project for Salmon River Chinook Salmon to develop the techniques necessary to rear chinook salmon (collected as eyed-eggs or parr) to maturity in order maintain the metapopulation structure and genetic identity of local populations at high risk of extinction.  The strategy of captive rearing is to prevent cohort collapse in the specified populations by providing captive-reared adult spawners to the natural environment, which, in turn, maintain the continuum of generation-to-generation smolt production.  

However, the captive rearing program is a short-term approach to species preservation.  This project does little to repair the underlying problems that have resulted in the decline of Pacific salmonids over the past decades, but the benefits of this program will be realized by maintaining locally adapted populations until these issues have been resolved.  

We believe the captive rearing approach has several inherent advantages over a traditional captive brood stock strategy.  Captive rearing allows more natural selection to occur than in a conventional brood stock program.  Natural selection operates in the redd prior to egg collection and while captive-reared individuals compete for mates and spawning opportunities.  Additionally, hatchery selection is reduced by bringing only wild individuals into the program, and helps reduce the domestication effects of hatchery spawning.  In theory, this will also help ensure that the unique genetic attributes of the target populations will be preserved.  A final advantage of the captive rearing technique is that a larger number of populations can be reared in a given amount of facility space because the large number of juveniles produced in a brood stock program do not need to be maintained.  

Although not without risk, captive rearing technology is sufficiently advanced to provide the measures necessary to amplify depressed populations and reduce extinction risk (Flagg et al. 1995; Schiewe et al. 1997).  Techniques used to collect and rear chinook salmon reflect the region’s best science.  Program fish culture protocols follow accepted conservation hatchery guidelines developed by Hard et al. (1992), Kapuscinski and Jacobson (1987), Brannon et al. (1999), and Flagg and Nash (1999).  For some Salmon River chinook salmon populations, captive techniques may represent the best method of rebuilding population strength and genetic variability quickly enough to avoid the consequences of genetic bottlenecks, drift, inbreeding and possible population extinction.

Little scientific information existed on captive culture techniques for Pacific salmonids at the inception of this project, but additional information is becoming available.  Flagg and Mahnken (1995) have completed a review of the status of captive brood stock technology, and Joyce et al. (1994) discussed rearing chinook salmon to maturity in captivity.  Ryman and Laikre (1991) and Ryman et al. (1995) have published works on the effects of supplementation with captive-reared individuals on the genetic effective population size of the target population.  Additionally, the performance and success of several hatchery and captive-reared Pacific salmonids have been published.  Flemming and Gross (1992, 1993) have investigated the reproductive behavior and success of hatchery and wild coho salmon, and Berejikien et al. (1999, 2001) have published accounts of the reproductive behavior of captive-reared chinook salmon and the behavior of juvenile coho salmon produced by captive-reared parents.  

c. Rationale and significance to Regional Programs
Salmon Subbasin Summary  - The depressed status of Snake River spring/summer chinook salmon is clearly described in Section 4.1.1.a. of the Salmon Subbasin Summary (NPPC 2000a).  Section 4.5.1 identifies the Captive Rearing Project for Salmon River Chinook Salmon as one of two artificial production programs in place in the Salmon Subbasin addressing recovery goals through the use of conservation hatchery practices.  Program goals and objectives are also consistent with existing plans, policies and guidelines presented in Section 5.1. of the Subbasin Summary as developed by Bonneville Power Administration (Section 5.1.1.a.), the National Marine Fisheries Service (Section 5.1.1.b.), the Nez Perce Tribe (Section 5.1.2.a.), the Shoshone-Bannock Tribes (Section 5.1.2.b.) and the Idaho Department of Fish and Game (Section 5.1.3.a.).  

Existing Federal, State and Tribal goals, objectives and strategies identified in the Subbasin Summary (Section 5.2.) overlap significantly with the primary objectives of the Captive Rearing Project for Salmon River Chinook Salmon.  The “overarching” hatchery goal of the Basinwide Salmon Recovery Strategy (Federal Caucus 2000) is to reduce genetic, ecological, and management effects of artificial production on natural populations.  By selecting the captive rearing approach to hatchery intervention, this program is designed to minimize negative hatchery effects on natural populations. Specific Federal Caucus recommendations that overlap with Objective 1. of this program include: using safety net programs on an interim basis to avoid extinction while other recovery actions take place, preserving the genetic legacy of the most at-risk populations, limiting the adverse effects of hatchery practices on ESA-listed populations, and using genetically appropriate broodstock to stabilize and/or bolster weak populations (Section 5.2.1.).  

Bonneville Power Administration (Section 5.2.1.a.) presented basinwide objectives for implementing actions under the FCRPS Biological Opinion and suggested that hatcheries can play a critical role in recovery of anadromous fish by “increasing the number of biologically-appropriate naturally spawning adults; improving fish health and fitness; and improving hatchery facilities, operation, and management and reducing potential harm to listed fish.”  Specific strategies developed by BPA include: reducing the potentially harmful effects of hatcheries; using safety net programs on an interim basis to avoid extinction; and using hatcheries in a variety of ways to aid recovery.  Objective 1. and 2. of the Captive Rearing Project for Salmon River Chinook Salmon overlap significantly with the goals, objectives, and strategies developed by BPA.  Chinook captive rearing program objectives and tasks specifically address the development of genetically prudent broodstocks and the use of cryopreservation to archive key genetic resources and to keep unique identities available to preserve future options.  Objective 1., Task D. specifically address the production of adult chinook salmon for reintroduction to the habitat.  Hatchery practices reflect the region’s best protocols and undergo constant review and modification through the Chinook Salmon Captive Propagation Technical Oversight Committee (CSCPTOC) process.

The goal of NMFS in the Salmon Subbasin (Section 5.2.1.b.) is to achieve the recovery of Snake River spring/summer and fall chinook, sockeye and steelhead resources.  Ultimately, NMFS’s goal is the achievement of self-sustaining, harvestable levels of salmon populations that no longer require the protection of the Endangered Species Act.  Chinook captive rearing program goals and objectives are consistent with this language.

Salmon Subbasin goals, objectives and strategies developed by the Nez Perce Tribe (Section 5.2.2.a.) and the Shoshone-Bannock Tribes (Section 5.2.2.b.) relate directly to the Captive Rearing Project for Salmon River Chinook Salmon.  The principal Nez Perce Tribal goal: "to restore anadromous fish in rivers and streams…", is directly compatible with the primary chinook captive rearing program goal.  Nez Perce Tribal management Objectives 1. through 3., 14., and 15.;  Artificial Production Objectives 1. through 3.;  and Research Monitoring and Evaluation Objective 4. overlap considerably with Objectives 1., 2., and 3. of this proposal.  Shoshone-Bannock Tribal Objective 1., Strategies .1 and 3., are directly tied to IDFG chinook captive rearing program goals and objectives.  

The Idaho Department of Fish and Game is charged with the responsibility of preserving, protecting, perpetuating, and managing the fish and wildlife resources of Idaho.  This mandate is reflected as their primary goal in the Salmon Subbasin Summary (Section 5.2.3.a.).  Idaho’s overall anadromous fisheries goal is to recover wild Snake River salmon and steelhead populations and to restore productive salmon and steelhead fisheries (Idaho Department of Fish and Game 1996, 2001).  Goals and objectives of Captive Rearing Project for Salmon River Chinook Salmon are carried-out under these state-wide management guidelines.

Specific IDFG Fisheries Bureau goals, objectives and strategies that overlap with the Captive Rearing Project for Salmon River Chinook Salmon include: the primary goal to provide viable fish populations for present and future use (Goal 1.), the objective to maintain or restore wild populations of game fish in suitable waters (Objective 1.); and to assist in recovery of rare species through the use of captive rearing projects (Strategy 3.).  Anadromous Fish Management objectives and strategies that provide guiding support for this program include: the need to maintain genetic and life history diversity and integrity of naturally and hatchery-produced fish (Objective 1.); the need to establish facilities for captive culture of salmon likely to become extirpated (Objective 1., Strategies 4. and 6.); the need to preserve genetic diversity through gamete cryopreservation (Objective 1., Strategy 7); the need to rebuild naturally reproducing populations of anadromous fish to utilize existing and potential habitat at an optimal level (Objective 2.); the recommendation to implement hatchery intervention where necessary and prudent to provide a safety net for selected populations at risk (Objective 2., Strategy 4.); and the need to balance genetic and demographic risks of unproven hatchery intervention strategies with risk of extinction (Objective 2., Strategy 5.). 

2000 Columbia River Basin Fish and Wildlife Program – The Captive Rearing Project for Salmon River Chinook Salmon conforms with the general vision of the Fish and Wildlife Program (Section III.A.1.) and its “overarching" objective to protect, mitigate and enhance the fish and wildlife of the Columbia River and its tributaries (Section III.C.1.; NPPC 2000b).  Specifically, the Primary Artificial Production Strategy of the Fish and Wildlife Program (Section 4.) addresses the need to complement habitat improvements by supplementing native fish populations with hatchery-produced fish with similar genetics and behavior to their wild counterpart.  In addition, Section 4. includes language stressing the need to minimize the negative impacts of hatcheries in the recovery process.  Chinook captive rearing program goals and objectives are aligned with this philosophy.  Program methods receive constant review at CSCPTOC level and constantly strive to provide hatchery practices that meet Fish and Wildlife Program standards.

2000 FCRPS Biological Opinion – The Federal Columbia River Power System Biological Opinion (NMFS 2000) includes Artificial Propagation Measures (Section 9.6.4.) that address reforms to “reduce or eliminate adverse genetic, ecological, and management effects of artificial production on natural production while retaining and enhancing the potential of hatcheries to contribute to basinwide objectives for conservation and recovery.”  The Biological Opinion recognizes that artificial production measures have “proven effective in many cases at alleviating near-term extinction risks.”  Many of the Actions to Reform Existing Hatcheries and Artificial Production Programs (Section 9.6.4.2.) are being carried-out in the Captive Rearing Project for Salmon River Chinook Salmon.  Specifically, Objective 1. and 2. of the chinook captive rearing program address reform measures dealing with: the management of genetic risk, the production of fish from locally adapted stocks, the use of mating protocols designed to avoid genetic divergence from the biologically appropriate population, matching production with habitat carrying capacity, and marking hatchery-produced fish to distinguish natural from hatchery fish.  The Biological Opinion also reviews the need for the development of NMFS-approved Hatchery and Genetic Management Plans (HGMP).  At the time of this writing, a draft is in its final stages of development.

Specific Actions in the Biological Opinion that demonstrate logical connections with the chinook captive rearing program are identified in Section 9.6.4.3.  Actions 170, 173, 174, 175, 177, 182, and 184 are all addressed by objectives identified in the Captive Rearing Project for Salmon River Chinook Salmon.  Actions 170 and 173 call for the design and funding of capital modifications to implement reforms identified in HGMP's.  Action 174 identifies the need for "additional sampling efforts and specific experiments to determine relative distribution and timing of hatchery and natural spawners".  This need is addressed in research conducted by the Captive Rearing Project for Salmon River Chinook Salmon under Objective 2.  Actions 175 and 177 call for the development and funding of safety net populations of at-risk salmon and steelhead.  Target populations specifically addressed by the IDFG Captive Rearing Project for Salmon River Chinook Salmon are specifically referenced in the Biological Opinion.  Recommendations made in Action 182 are to fund studies "to determine the reproductive success of hatchery fish relative to wild fish", and concerns over the genetic implications are expressed.  The Captive Rearing Project for Salmon River Chinook Salmon is actively involved with research designed to address this question.  Objective 2. of the captive rearing project includes research directed at determining the reproductive success of pre-spawn adults released for natural spawning and of captive-reared adults retained in the hatchery.  In addition, the IDFG and NMFS have initiated maturation physiology research to address questions related to reproductive timing and success.  Action 184 states the need to provide funding for a "hatchery research, monitoring, and evaluation program consisting of studies to determine whether hatchery reforms reduce the risk of extinction for Columbia River basin salmonids and whether conservation hatcheries contribute to recovery".  The Captive Rearing Project for Salmon River Chinook Salmon is making a clear attempt to provide the needed monitoring and evaluation of conservation hatchery techniques and of behavioral patterns and spawning success in pre-spawn adults produced by the program. 

Offices of the Governors. 2000. Recommendations of the governors of Idaho, Montana, Oregon and Washington for the protection and restoration of fish in the Columbia River Basin. The Governors of the states of Idaho, Montana, Oregon and Washington urged regional recovery planners to recognize the multi-purpose aspect of hatcheries, which includes fish production for harvest, supplementation to rebuild naturally spawning populations, and captive brood stock experiments for conservation and restoration (Offices of the Governors 2000, Chapter IV, Hatchery Reforms). The Governors recommended, “all hatcheries in the Columbia River Basin be reviewed within three years to determine the facilities’ specific purposes and potential future uses in support of fish recovery and harvest.” They further recommended that the supplementation plan recognize the tribal, state and federal roles in implementation of the plan. Lastly, the Governors supported the concept of wild fish refuges and the use of these refuges as controls for evaluating conservation hatchery efforts.

This project focuses on identifying facility needs and developing rearing protocols for the captive culture of chinook salmon. Information generated by this project would be used to retrofit existing hatcheries or build new facilities for the purpose of chinook salmon captive culture to satisfy conservation and recovery objectives. The IDFG recognizes the importance of and manages the fish resources in wild production refuges. This project is involved in IDFG efforts to assess population viability in all production areas and prioritizing areas for potential intervention with captive culture strategies.

Other Plans and Guidelines – Goals and objectives of the Captive Rearing Project for Salmon River Chinook Salmon are consistent with several guidelines contained in the Review of Artificial Production of Anadromous and Resident Fish in the Columbia River Basin (Brannon, et al. 1999).  Objective 1. and 2. of the chinook captive rearing program are actively following elements of Guidelines 1., 4., 5., 8., 10., 11., 12., 13., 14., and 15. of the Artificial Production Review.  These guidelines address: the hatchery rearing environment, natural population parameters, habitat carrying capacity, genetic and breeding protocols, germ plasm repositories, and population life history knowledge.  Performance standards and indicators presented in The Final Draft Artificial Production Review (NPPC 1999) presents a series of performance standards addressing both benefits and risks to populations.  Many of these standards are addressed by specific chinook captive rearing program objectives.  These relationships will be identified in the final HGMP for chinook captive rearing program hatchery activities.

Relationships described above are substantive in nature and address core guidelines, goals, objectives and strategies identified in the various planning documents.  Techniques and products developed in the Captive Rearing Project for Salmon River Chinook Salmon are critical components of the overall conceptual framework being developed in the region.  

d. Relationships to other projects 
Chinook salmon captive rearing efforts are collaborative in nature.  Project planning and implementation are coordinated through the CSCPTOC, and directly involve the IDFG, National Marine Fisheries Service, the Shoshone-Bannock Tribes, and the University of Idaho.  Indirectly, information from ongoing conservation hatchery programs is frequently exchanged and discussed with the Oregon Department of Fish and Wildlife, and the Washington Department of Fish and Wildlife.  The IDFG and Shoshone-Bannock Tribe projects, described below, are identified in the Salmon Subbasin Summary.  The Washington Department of Fish and Wildlife and Oregon Department of Fish and Wildlife projects are identified in Columbia Plateau Province, Tucannon Subbasin and Blue Mountain Province, Grande Ronde Subbasin summaries, respectively.  The University of Idaho and National Marine Fisheries Service projects will be described in the Systemwide Province, Systemwide Subbasin Summary.

Idaho Department of Fish and Game Redfish Lake Sockeye Salmon Captive Broodstock Program (Project No. 199107200).   Two artificial production programs addressing anadromous fish population conservation are currently occurring in the subbasin, the Stanley Basin Sockeye Salmon Captive Brood Stock program and the Captive Rearing Project for Salmon River Chinook Salmon. The sockeye project in place to protect the remnant Redfish Lake population by developing captive brood stocks to meet reintroduction and broodstock objectives.  Spawning protocols are designed to maximize the existing genetic diversity of the population.  Eyed-eggs, juveniles and adults are produced annually for reintroduction to the habitat.  Genetically diverse progeny are generated annually to maintain the captive component.  A monitoring and evaluation element is in place to track nursery lake conditions and to evaluate the relative success of the various reintroduction strategies used in the program While these sockeye and chinook salmon programs represent the application of two different captive culture strategies, brood stock and rearing, they share resources at the IDFG Eagle Fish Hatchery.  The chinook and sockeye salmon programs are managed separately, but program responsibilities overlap and complement each other.

Shoshone-Bannock Tribes Salmon River Production Program (Project No.199705700).  This project utilizes hatchery brood stock to supplement and reintroduce chinook salmon and steelhead eggs, fry, pre-smolts, smolts and adults in the upper South Fork Salmon River, Lemhi River, East Fork Salmon River, Yankee Fork, and upper Salmon River.  This program assists the IDFG captive rearing project by out planting F1 generation eyed-eggs to incubation boxes in three target streams.  In the past, eyed-eggs have been available for out planting from in-hatchery spawning conducted to address demographic, genetic, and environmental risks to target populations or to generate information on the reproductive success of adults reared full-term in the hatchery.  This projects also assists  with adult chinook out planting, behavior monitoring, and redd count monitoring.  

Oregon Department of Fish and Wildlife Grande Ronde Spring Chinook Captive Broodstock Program (Project No. 199801001).  The Oregon Department of Fish and Wildlife initiated a captive broodstock program with brood year 1994 Grande Ronde basin chinook to prevent extinction of three populations, provide a future basis to reverse the decline in stock abundance, and ensure a high probability of population persistence into the future.  This program differs from the IDFG program in that it emphasizes captive brood stock rather than captive rearing methods.  Collectively, both programs aim at maintaining Snake River basin chinook salmon metapopulation structure, while investigating two forms of captive propagation and determining their future utility.  Oregon hatchery and research staff are generally present at Chinook Salmon Captive Propagation Technical Oversight Committee meetings.  Information related to hatchery protocols, fish health, gamete preservation, reproductive characteristics, and field research are frequently exchanged.

Washington Department of Fish and Game Tucannon River Spring Chinook Captive Broodstock Program (Project No. 200001900).  Consistent with Oregon captive intervention actions, this project aims to increase the production of smolts released to the Tucannon River between 2002 and 2008.  Program staff from Washington are generally present at CSCPTOC meetings.  The technical exchange that occurs at these meetings benefits IDFG, Oregon, and Washington programs.

National Marine Fisheries Service Manchester Spring Chinook Broodstock Project (Project No. 199606700).  The National Marine Fisheries Service (NMFS) is maintaining captive broodstocks of ESA-listed Snake River spring/summer chinook salmon to compliment the program with a seawater rearing program and to spread the risk of catastrophic loss at one facility.  The NMFS rears smolts received from IDFG through early maturation.  Maturing adults are returned to the IDFG Eagle Fish Hatchery for final maturation in fresh water prior to out planting to target streams.  Rearing protocols are coordinated through the CSCPTOC.

National Marine Fisheries Service Assessment of Captive Broodstock Technology (Project No. 199305600).  This ongoing research project develops information needed to overcome some of the problems that limit the yield of viable adults and offspring from Pacific salmon stocks reared in captivity, and assesses some of the genetic consequences of captive broodstock programs.  The overall goals of this project are: 1) to develop diets, rearing regimes, hatchery practices, and drug therapies that improve survival of adults to spawning, gamete quality, and viability of offspring and that can be applied to captive broodstock programs for depressed stocks of Pacific salmon: 2) to assess quantitative genetic risks of captive broodstock programs to natural populations; and 3) to develop reintroduction strategies for captively-reared fish. Results from this research will be published in peer-reviewed journals, annual reports and scientific meetings.   

National Marine Fisheries Service NATURES (Project 199105500).  This project develops and evaluates fish culture techniques (seminatural raceway habitat, predator avoidance training, exercise, live food diets, etc.) for a natural rearing enhancement system that increases the post release survival of artificially propagated salmon.  Research on exercise in captive-reared chinook salmon developed, in part, because of potential limitations encountered in the IDFG Chinook Salmon Captive Rearing Project for Salmon River Chinook Salmon.  Research findings are periodically reviewed and discussed at CSCPTOC meetings.  

National Marine Fisheries Service Monitor and Evaluate Genetic Characteristics of Supplemented Salmon and Steelhead (Project 199909600).  This program is in place to evaluate the effects of out planting hatchery-reared fish on natural and wild populations of spring/summer chinook salmon and steelhead in four major drainages within the Snake River basin.  The two major goals are to evaluate the nature and extent of genetic changes in hatchery stocks to be used for out planting and to quantify the genetic impact of out planting on targeted natural stocks and non-targeted wild stocks.  In addition, this program provides genetic sex assay support for the IDFG captive chinook program.

University of Idaho Genetic Analysis of Oncorhynchus Nerka – Modified to Include Chinook Salmon (Project No. 199009300).  This ongoing project was modified in 2001 to directly address Columbia basin Fish and Wildlife measures associated with the conservation genetics of threatened Snake River spring/summer chinook salmon.  This project develops mitochondrial DNA, and nuclear DNA markers for chinook salmon populations held in the program.  Molecular markers developed in this program are being used to distinguish populations and to construct breeding matrices.

In addition to these projects, the IDFG Captive Rearing Project for Salmon River Chinook Salmon operates in association with the LSRCP funded Sawtooth Fish Hatchery in Stanley Idaho.  Juvenile chinook collected from the Lemhi River, East Fork Salmon River, and West Fork Yankee Fork Salmon River are transferred to Sawtooth for initial holding.  

e. Project history (for ongoing projects) 

The chinook captive rearing project was initiated in 1995 with the collection of brood year 1994 progeny from the Lemhi, East Fork Salmon, and West Fork Yankee Fork Salmon rivers (Figure 1).  Federal fiscal year 1997 was the first year this project received funding through the basin Fish and Wildlife Program. Collections of fish for captive rearing, facility development, and field evaluations of the spawning behavior and success of out planted mature adults have occurred over the life of this project. Project activities are summarized here by topic area to relate project findings to adaptive program changes.
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Figure 1 - Location of study streams used in the Idaho Department of Fish and Game chinook captive rearing project and referenced throughout this document.

Fish collections. Captive populations for this project are sourced from the progeny of naturally spawning adults. Beginning with the first collection in 1995 and continuing through 1998, parr were collected from the three source streams. Although the parr converted to feed and survived well, by 1999 it became apparent there were limitations associated with disease, parasite infestations, and slow growth related to sourcing the populations at the parr stage. We assessed the risks and benefits of sourcing the captive populations by hydraulically pumping eyed-eggs from natural redds. This technique has been used successfully in other programs, and we developed equipment and employed it (novel methodology) in 1999 and 2000 to collect eyed-eggs from the three populations. The earliest group collected as eyed eggs (BY99) are currently age 2 and have not reached sexual maturity. Survival and growth of these fish has been excellent to date, and sourcing fish in this manner has eliminated the parasitic copepod infestations in Lemhi River parr.  To facilitate the evaluation of reproductive success or to balance risks associated with low wild/natural adult chinook salmon escapement to target streams, safety net culture populations have been produced.  While the majority of eggs produced in this fashion are returned to target streams as part of a hatch box program, progeny may be retained to compliment rearing groups. The complete collection history for the program is presented in Table 1.

Table 1.  Collection history for the Captive Rearing Project for Salmon River Chinook Salmon.  Numbers of fish or eggs collected (or produced from in-hatchery spawning) are indicated by brood year and stock.  

Brood Year (BY)

Stock*
BY94
BY95
BY96
BY97
BY98
BY99
BY00

Lemhi NP
193
163
178
147
191



Lemhi NE





264


Lemhi SN

















WFYF NP
216

113
210
229



WFYF NE
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WFYF SN





300











EFSR NP
199

5

185



EFSR NE





143
503

EFSR SN




304
91


* NP and NE refer to rearing groups sourced as natural parr and eyed-eggs, respectively. 

   SN refers to safety net rearing groups sourced from in-hatchery spawning.  Lemhi, 

   WFYF, and EFSR refer to the Lemhi, West Fork Yankee Fork Salmon, and the East     

   Fork Salmon rivers.

Fish rearing. After collection, fish are reared exclusively in freshwater at the Eagle Fish Hatchery until they reach the smolt stage. Rearing groups sourced as eyed-eggs, undergo final incubation and hatch at the Eagle Fish Hatchery.  At the smolt stage most of each cohort (>70%) is transferred to a seawater rearing facility (NMFS Manchester Marine Laboratory, Manchester, Washington).  For rearing groups sourced as parr, survival from collection to transfer has exceeded 95%.  For rearing groups sourced as eyed-eggs, survival from collection through hatch has exceeded 96% for collection years 1999 and 2000.  Survival from ponding through transfer to seawater for natural egg groups averaged 92% for these two collection years.  

In the first years of this project fish were distributed 50% to freshwater and 50% to seawater. At that time specific techniques for the captive culture of chinook salmon were unknown, and we wanted to evaluate both rearing environments relative to Objective 1 (produce captive reared adult chinook salmon with morphological, physiological, and behavioral characteristics similar to naturally produced fish). As fish from the first two cohorts collected (BY94 and BY95) began to sexually mature four to five years later, it appeared saltwater rearing was providing a better product.  Numbers of smolts transferred to NMFS for seawater rearing are presented in Table 2.

Table 2.  Seawater transfer history for the Captive Rearing Project for Salmon River Chinook Salmon.  Numbers of fish or eggs transferred are indicated by brood year and stock. 

Brood Year (BY)

Stock*
BY94
BY95
BY96
BY97
BY98
BY99
BY00

Lemhi NP
75
68
110
102
158



Lemhi NE





210


Lemhi SN

















WFYF NP
87

60
165
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WFYF NE








WFYF SN





242











EFSR NP
75

5

145



EFSR NE





113


EFSR SN




229
65


* NP and NE refer to rearing groups sourced as natural parr and eyed-eggs, respectively. 

   SN refers to safety net rearing groups sourced from in-hatchery spawning.  Lemhi, 

   WFYF, and EFSR refer to the Lemhi, West Fork Yankee Fork Salmon, and the East     

   Fork Salmon rivers.

Facilities to accommodate fish rearing were developed and/or modified at the Idaho Department of Fish and Game Eagle Fish Hatchery and NMFS Manchester Marine Laboratory (see facilities description). Standard rearing techniques and protocols are described in the methods section. 

Growth, Survival and Sexual maturation. Fish within each brood year or cohort attain sexual maturity over a three-year period or at ages 3 through 5 (additionally, some males mature at age 2). Because multiple cohorts from each stream population are being reared at any point in time, the sexually maturing group each year consists of age 2 to age 5 fish. Beginning in May of each year, fish are sorted to isolate maturing fish from immatures.  Maturation is primarily determined by physical inspection although non-lethal genetic sex assays and ultrasound examinations have been used to compliment the inspections.  

Project activities in 1999 ended the contribution of brood year 1994 fish: the first cohort to complete their entire life history in captivity.  Growth, maturity and mortality data for this group of fish were tracked over time and summarized for each of these categories.  Due to the relatively low number of individuals surviving to ages 4 and 5, no attempt was made to compare the relative advantages and disadvantages between freshwater and saltwater rearing strategies.  However, these data are presented separately for both rearing methods.  Additionally, these data will be maintained in project databases and this analysis will be undertaken as additional brood years complete their life cycles (Hassemer et al 2001).  

The growth rates of brood year 1994 chinook salmon reared in freshwater and saltwater were similar, but maturing fish from each group were generally smaller than their ocean reared conspecifics.  Inventories conducted between June and September 1996-1998 indicated that captive-reared fish had grown to approximately 200, 380, and 520 mm fork length in each year, respectively.  By 1999 only freshwater reared individuals remained in culture, and were approximately 500 mm fork length, indicating that little additional growth was realized between the fourth and fifth year of life.  In contrast, ocean reared spring/summer chinook salmon returning to the Columbia River basin between 1991 and 1996 generally averaged 740-800 mm fork length (Fryer 1998).  This apparent difference in size between captive- and ocean-reared chinook salmon may affect the ability of captive-reared individuals to compete for mates, defend territories, and avoid predation (Hassemer et al. 2001).  

Most captive-reared chinook salmon from brood year 1994 matured at age 3 or 4, with relatively little precocial (age 2) development regardless of rearing history.  However, age 3 maturation was exclusively male and age 4 maturation predominantly female.  The percentage of precocial male development was relatively low in the East Fork Salmon River and West Fork Yankee Fork Salmon River groups, and ranged between approximately 8% and 12% of the mature males in each group.  Lemhi River males had a much higher precocial rate (61.5%), but several confounding factors may be present.  First, very few males from this group matured, suggesting that males from the Lemhi River may have had a higher mortality rate than males from the other groups.  Second, the overall percentages of precocial males in the three groups were very similar.  Precocial development was 2.8% in the West Fork Yankee Fork Salmon River group (6 precocial out of 216 fish brought into the program), 3.5% in the East Fork Salmon River group (7 of 199), and 4.1% in the Lemhi River (8 of 193).  This also suggests Lemhi River males may have experienced higher mortality than those in the other groups (Hassemer et al. 2001).

Mortality in the brood year 1994 fish was relatively evenly split between causes related to culture activities (52.5%) and reproductive maturity (45.8%).  Approximately 50% of the mortality associated with fish culture was attributable to a flow blockage that occurred in 1996.  Other causes of mortality were associated with handling and tagging, although tagging related mortality was low.  Disease and unexplained mortality accounted for less than 2% of the observed cohort mortality.  Mortality associated with sexual maturity was further broken down into hatchery spawning activities (16%) and those released to spawn volitionally (29.8%; Hassemer et al. 2001).  

Reproduction evaluations.  To develop an understanding of the reproductive potential of captive-reared adult chinook salmon, the CSCPTOC recommended that spawning take place at the Eagle Fish Hatchery to investigate several reproduction variables (e.g., maturation timing, gamete quality, egg survival to eyed stage of development).  In addition, the CSCPTOC suggested that findings be tracked and compared by rearing strategies (seawater/freshwater).  Information developed in this manner would be used to compliment behavioral observations and reproductive success data collected in the field following the release of maturing adult chinook salmon (see reproductive performance evaluations, below).  To satisfy this recommendation, spawning has occurred at the IDFG Eagle Fish Hatchery in 1998 – 2000.  Molecular markers, developed by University of Idaho geneticists, were used to distinguish populations and to construct breeding matrices.  Eggs produced from hatchery spawning events in these years were used to supplement captive rearing groups or returned to hatch boxes in target streams.  Milt from selected program male chinook salmon has been cryopreserved and depoted at the Eagle Fish hatchery since 1997.  Reproduction variables for spawn years 1998, 1999, and 2000 are presented in Tables 3, 4, and 5, respectively. 

Table 3.  Summary of 1998 spawning results for Lemhi River (LR), West Fork Yankee Fork Salmon River (WFYF), and East Fork Salmon River (EFSR) captive chinook salmon.  Data for males reflects the use of fresh milt, except where noted.  FW and SW reference freshwater and seawater rearing treatments.  All adults were collected as parr.

Stock and rearing history
No. of unique females spawned
No. of unique males spawned
Mean female fecundity
Mean egg survival to the eyed stage
Number of eyed-eggs produced

LR – FW
3
6
953
48.5%
2,799

LR – SW
4
4
2,367
92.0%
8,005

WFYF – FW
1
1
2,377
8.8%
168

WFYF – SW
2
3
2,070
83.3%
3,397

EFSR – FW
3
1 fresh

4 cryo
1,590
32.5% fresh

20.1% cryo
4,225 fresh

1,148 cryo

EFSR – SW
10
4 fresh

6 cryo
2,080
78.5% fresh

20.6% cryo
11,363 fresh

1,104 cryo



For the Lemhi River rearing group, 10,804 eyed-eggs were produced from spawn crosses developed with brood year 1994 female chinook salmon with freshwater (three females) and seawater (four females) rearing history.  Eight brood year 1995 and two brood year 1996 males were used in the spawning design.  No brood year 1994 Lemhi River males were available in 1998.  Brood year 1995 males included four freshwater rearing history and four seawater rearing history fish.  The two brood year 1996 males were from the freshwater rearing treatment at Eagle Fish Hatchery.  Twenty-three unique sub-families were produced from 1998 spawn crosses.  Mean fecundity and egg survival to the eyed stage of development for freshwater females averaged 953 eggs and 48.5%, respectively.  Mean fecundity and egg survival to the eyed stage of development for seawater females averaged 2,367 eggs and 92.0%, respectively.  Prior to attempting fertilization, we culled eggs from two freshwater treatment females based on observations of substantial egg deformation, egg retention, yolk polarization, and discolored ovarian fluid.  Eggs from all brood year 1994 females from the seawater treatment group were fertilized.  Brood year 1994 female chinook salmon with freshwater rearing history averaged 470 mm in fork length and 953 g in weight.  Seawater females (brood year 1994) averaged 534 mm in fork length and 1,308 g in weight.  Age 3 (brood year 1995) males with freshwater rearing history averaged 397 mm in fork length and 756 g in weight.  Mean fork length and weight for brood year 1995 males with seawater rearing history averaged 378 mm and 526 g, respectively.  The two brood year 1996 males (freshwater rearing history) averaged 196 mm in fork length and 65 g in weight.

For the West Fork Yankee Fork Salmon River rearing group, brood year 1994 females with freshwater rearing history (one fish) and seawater rearing history (two fish) produced a total of 3,565 eyed-eggs in 1998.  One brood year 1994 freshwater rearing treatment male and three brood year 1994 seawater rearing treatment males were used in the spawning design.  Mean fecundity for freshwater and seawater rearing groups averaged 2,377 eggs and 2,070 eggs, respectively.  Mean egg survival to the eyed stage of development averaged 8.8% for the single female with freshwater rearing history and 83.3% for females with seawater rearing history.  No eggs were culled from females from either rearing treatment prior to attempting fertilization.  Ten unique sub-families were produced from 1998 spawn crosses.  Mean fork length for brood year 1994 females with freshwater and seawater rearing history averaged 560 mm and 490 mm, respectively.  Mean weight for brood year 1994 freshwater and seawater females averaged 1,784 g and 1,091 g, respectively.  Brood year 1994 males with freshwater rearing history averaged 425 mm in fork length and 862 g in weight.  Mean fork length and weight for brood year 1994 males with seawater rearing history averaged 459 mm and 919 g, respectively.

For the East Fork Salmon River rearing group a total of 17,840 eyed-eggs were produced from spawn crosses completed at Eagle Fish Hatchery.  Twenty-three brood year 1994 females (13 freshwater and 10 seawater rearing history fish), five brood year 1994 males (one freshwater and four seawater rearing history fish), and cryopreserved milt from 10 males was used in the spawning design.  Milt from brood year 1994 East Fork Salmon River males was cryopreserved in 1997.  We did not attempt to fertilize eggs produced from six captive females (5 freshwater and 1 seawater history fish) based on observations of substantial egg deformation, egg retention, yolk polarization, and discolored ovarian fluid.  Mean fecundity and egg survival to the eyed stage of development averaged 1,590 eggs and 32.5% for brood year 1994 females from the freshwater rearing group and 2,080 eggs and 78.5% for brood year 1994 females from the seawater rearing group.  Egg survival to the eyed stage of development for spawn crosses completed with cryopreserved milt averaged 20.1% and 20.6% for brood year 1994 females with freshwater and seawater rearing history, respectively.  Brood year 1994 females with freshwater rearing history averaged 532 mm in fork length and 1,676 g in weight.  Mean fork length and weight for brood year 1994 females with seawater rearing history averaged 553 mm and 1,728 g, respectively.  Mean fork length for brood year 1994 males with freshwater and seawater rearing history averaged 495 mm and 553 mm, respectively.  Mean weight for these rearing groups averaged 1,376 g and 1,713 g, respectively.

Table 4.  Summary of 1999 spawning results for West Fork Yankee Fork Salmon River (WFYF), and East Fork Salmon River (EFSR) captive chinook salmon.  Data for males reflects the use of fresh milt, except where noted.  FW and SW reference freshwater and seawater rearing treatments.  All adults were collected as parr.

Stock and rearing history
No. of unique females spawned
No. of unique males spawned
Mean female fecundity
Mean egg survival to the eyed stage
Number of eyed-eggs produced

WFYF – SW
2
6
1,644
79.0%
2,597

EFSR – FW
1
4 cryo
391
10.5% cryo
41 cryo

EFSR – SW
1
4 cryo
2,596
41.9% cryo
1,088 cryo

For the West Fork Yankee Fork Salmon River rearing group, two brood year 1994 WFYF-NP females with seawater rearing history produced 2,597 eyed-eggs in 1999.  Three brood year 1996 WFYF-NP freshwater rearing treatment males and three brood year 1997 WFYF-NP seawater rearing treatment males were used in the spawning design.  Mean fecundity for the brood year 1994 females was 1,644 eggs, and mean egg survival to the eyed stage of development was 79.0%.  One additional brood year 1994 WFYF-NP female reared in seawater was spawned yielding 1,172 eggs; however, all eggs were determined to be nonviable and later culled.  No brood year 1994 females from freshwater rearing were spawned in 1999.  Four unique subfamilies were produced from 1999 spawn crosses.  Mean fork length and weight for brood year 1994 female spawners was 536 mm and 1,572 g, respectively.  Brood year 1996 males used in spawn crosses averaged 288 mm fork-length and 270 g in weight.  Mean fork length and weight for brood year 1997 male spawners was 193 mm and 84 g, respectively.

For the East Fork Salmon River rearing group, 1,129 eyed-eggs were produced from 1999 spawn crosses at Eagle Fish Hatchery.  Two brood year 1994 females (one freshwater and one seawater rearing history fish) and cryopreserved milt from four males was used in the spawning design.  Milt was obtained from brood year 1994 males cryopreserved in 1997 and 1998.  We did not attempt to fertilize eggs produced from three captive females (two freshwater and one seawater history fish) based on observations of substantial egg deformation, egg retention, yolk polarization, and discolored ovarian fluid.  Fecundity and egg survival to the eyed stage of development was 391 eggs and 10.5%, respectively, for brood year 1994 freshwater rearing group female.  Fecundity and egg survival to the eyed stage of development for the seawater rearing group female was 2,596 and 41.9%, respectively.  The brood year 1994 freshwater reared female was 520 mm in fork length and 1,449 g in weight, and the seawater reared fish was 625 mm fork length and weighed 2,528 g.

Table 5.  Summary of 2000 spawning results for West Fork Yankee Fork Salmon River (WFYF) captive chinook salmon.  FW and SW reference freshwater and seawater rearing treatments.  All adults were collected as parr.

Stock and rearing history
No. of unique females spawned
No. of unique males spawned
Mean female fecundity
Mean egg survival to the eyed stage
Number of eyed-eggs produced

WFYF – SW
1
4
1,323
95.7%
1,266

In year 2000, a single brood year 1996 West Fork Yankee Fork Salmon River female with seawater rearing history was spawned at the IDFG Eagle Fish Hatchery.  Three brood year 1997 males with seawater rearing history and one brood year 1998 male with freshwater rearing history were used in the spawning design.  Female fecundity was 1,323 eggs.  The four sub-families produced a total of 1,266 eyed-eggs (95.7% survival to eye).  Fork length and weight for the single female were 480 mm and 1,334 g, respectively.  Brood year 1997 males with seawater rearing history averaged 435 mm and 921 g in fork length and weight, respectively.  Fork length and weight for the single brood year 1998 male were 225 mm and 112 g.

As indicated above, eyed-eggs produced in spawn years 1998 – 2000 were used to investigate reproductive variables through hatch and early rearing (results described above).  Some eggs produced from hatchery spawning events were incorporated into the captive program to create safety net rearing groups (Table 1).  The majority of eggs produced from hatchery spawning events were returned to hatch boxes in target streams (see description of Shoshone-Bannock Tribes Project 199705700 above).  A summary of egg transfer information and hatch results are presented in Table 6.   

Table 6.  Summary of captive chinook salmon eyed-egg transfers and hatching rates for instream and streamside incubators at Lemhi River (LR), West Fork Yankee Fork Salmon River (WFYF), and East Fork Salmon River (EFSR) sites.

Year planted and incubation location
No. of eyed-eggs transferred
Dates transferred
No. of eyed-eggs planted
Estimated hatching rate

1998, WFYF 
3,451
11/2/98
3,393
92.1%

1998, LR – Hayden Creek site
9,324
11/2/98
9,320
75.0%

1998, EFSR
15,240
11/2 & 7/98
15,240
91.04%

1998, EFSR – Big Boulder Creek site
2,039
11/2 & 7/98
2,039
62.3%







1999, WFYF
2,297
10/13/99
2,297
86.0%

1999, EFSR
1,038
11/2/99
1,038
No data, hatch box vandalized







2000, WFYF 
1,266

1,266
pending

Milt has been cryopreserved in the captive rearing program since 1997 and follows accepted protocols developed by Cloud et al. (1990) and Wheeler and Thorgaard (1991).  A summary of milt cryopreservation activities is presented in Table7.  As indicated in the spawning summary information presented above, cryopreserved milt has been selectively used (based on spawning matrices developed cooperatively with the University of Idaho) in spawn years 1998 and 1999.

Table 7.  Summary of milt cryopreservation activities for Lemhi River (LR), West Fork Yankee Fork Salmon River (WFYF), and East Fork Salmon River (EFSR) captive chinook salmon.  

Year cryopreserved, brood year, and stock
No. of unique males used
No. of 0.5 ml straws cryopreserved
Mean milt motility
Milt motility range

1997, BY94 WFYF
22
951
91.8
85.0 – 100%

1997, BY94 EFSR
9
335
88.3
70.0 – 100%







1998, BY95 LR
7
208
95.1%
70.0 – 100%

1998, BY96 LR
1
22
90.0%
-

1998, BY94 WFYF
3
92
82.6%
50.0 – 100%

1998, BY94 EFSR
4
112
93.7%
85.0 – 100%







1999, BY96 WFYF
1
24
98.0%
-

1999, BY97 WFYF
17
424
98.1%
90.0 – 100%







2000, BY97 WFYF
15
435
98.5%
95.0 – 100%

2000, BY98 WFYF
3
60
98.3%
95.0 – 100%

2000, BY98 EFSR
3
60
97.7
95.0 – 100%

2000, BY98 LR
3
60
100%
-

Reproductive performance evaluations. In September 1998, our first captive reared cohorts reached sexual maturity. Maturing brood year 1994 and 1995 chinook salmon were out planted to the Lemhi River (34 BY94 females, 10 BY95 males), Bear Valley Creek (15 BY94 females, 9 BY95 males), and the West Fork of the Yankee Fork Salmon River (35 BY94 females, 9 BY95 males).  Because of demographic risks, no adults were released to the East Fork Salmon River in 1998 (Hassemer et al. 1999).  

Behavioral observations were conducted in the Lemhi River from August 18 through October 3, 1998.  During this period, 19 redds were identified in the stream area where the 44 captive chinook salmon ranged.  The timing of redd construction in the release area ranged from September 5 through September 27.  During the evaluation period, several wild/natural chinook salmon were observed in the release area.  Minimizing disturbance to wild/natural fish while attempting to observe normal activity was crucial.  Field workers obscured their presence and care was taken to approach fish slowly taking advantage of disguising vegetation as much as possible.  In no cases were fish handled or unnecessarily disturbed.  Several observations of wild/natural chinook and captive-reared chinook interaction were recorded.  While it is difficult to document the exact contribution hatchery-produced chinook salmon made in 1998, a greater number of redds were constructed than could have been attributed to the number of wild/natural chinook present.  Seven captive-reared female chinook salmon carcasses were recovered in the release area.  Three females had failed to ovulate and spawn while the remaining four fish appeared to have partially spawned.  Egg retention for these four females was estimated at approximately 50% (Hassemer et al. 1999).

In addition to the reproductive observations in the above streams, an “off site” release was made in Bear Valley Creek (a tributary to the Lemhi River) in 1998.  This stream was identified because it contains high quality spawning gravel, and the absence of wild/natural reproduction provided an opportunity to observe the behavior of captive-reared individuals in a controlled environment.  

Behavioral observations were conducted in Bear Valley Creek from August 20 through October 3, 1998.  During the investigation, several direct observations of spawning-related behavior were made.  Captive-reared chinook salmon with freshwater and seawater rearing histories were observed defending territory and constructing redds.  No wild/natural chinook salmon were present in the observation area.  Redd construction occurred between September 8, and September 28.  A total of six redds were identified in the release area.  No carcasses were recovered (Hassemer et al. 1999). 

Behavioral observations were conducted in the West Fork Yankee Fork Salmon River between August 21 and October 3, 1998.  Over the course of the investigation, a total of four redds were identified in the release area.  Redd construction occurred between September 3 and September 27.  Wild/natural chinook salmon were observed in and above the study section but appeared to have completed spawning prior to the release of captive-reared adults.  Minimizing disturbance to wild/natural fish while attempting to observe normal activity was crucial, and IDFG personnel followed the protocols described above to accomplish this.  Five female carcasses were recovered in the study section.  Four females appeared to have not ovulated and spawned while the fifth female appeared to have successfully spawned (<10% retained eggs; Hassemer et al. 1999).

The captive rearing program’s second adult release occurred in 1999.  Maturing brood year 1994, 1995, and 1996 chinook salmon from the Lemhi River were out planted to Bear Valley Creek (9 BY94 females, 24 BY95 females, 1 BY95 male, 16 BY96 males, and 12 BY97 males), and the East Fork Salmon River (6 BY94 females, 1 BY94 male).  No adults were out planted in the West Fork Yankee Fork Salmon River in 1999.

Bear Valley Creek behavioral observations commenced immediately upon release (August 24) and continued through October 12, 1999.  We recorded 433 unique observations of out planted chinook salmon.  Observations were associated with 30 of the 33 female and seven of the 29 males released to the study section.  First signs of agonistic behavior were recorded shortly after release on August 30.  First signs of test digging were recorded on August 31.  Most redd construction activity was observed between September 10 and September 30.  A total of 31 suspected redds were identified during the survey period.  Over 30 direct observations of chinook salmon spawning were recorded.  In some cases, chinook salmon redds were superimposed on bull trout redds or on other chinook salmon redds.  Several chinook salmon females were observed moving from one area of excavation to another.  Some females were observed working gravel at four different locations.  There were approximately 11 observations of bull trout and chinook salmon paired over the same redd.  In many of these cases, we observed spawning-related behavior between bull trout and chinook salmon.  A total of six male and 11 female carcasses were recovered.  Nine female carcasses were examined for egg retention.  Five of the nine females (56%) appeared to have spawned and deposited the vast majority of their eggs.  The mean number of retained eggs for these five females was 17.2 (range three to 30 eggs).  One partially spawned female was recovered with 698 retained eggs and three females were recovered that appeared to have died before spawning (mean retained eggs = 1,536, range 1,175 to 1,933).

East Fork Salmon River behavioral observations began immediately upon release (August 25), and continued until September 24, 1999.  Observations of captive-reared chinook salmon included spawning related behavior and the recovery of carcasses.  On September 15, we observed one of the six captive-reared females in close proximity to what appeared to be a completed redd.  Her caudal fin was worn, but no male chinook salmon were observed in the vicinity.  Her carcass was recovered on September 24, and only ten retained eggs were found in her body cavity.  The remaining five captive-reared females were not observed participating in spawning-related activity or observed near suspected redds.  The single captive-reared male was observed on several occasions but never in close proximity to wild/natural or captive-reared females.  Wild/natural chinook salmon were present in the study section.  As described above, care was taken to not disturb wild/natural adults. 

In 2000, only Lemhi River captive-reared adults chinook salmon were available for out planting.  All maturing adults (1 BY94 female, 15 BY95 females, 32 BY96 females, 4 BY96 males, and 20 BY97 males) were out planted to Big Springs Creek, a tributary of the Lemhi River.  Year 2000 adult releases occurred on July 11 and 12, approximately one month in advance of releases conducted in 1998 and 1999.  

Big Springs Creek behavioral observations and study section weir monitoring commenced immediately after the release of captive-reared adults.  No wild/natural chinook salmon were present in the Big Springs Creek study section.  Most spawning activity in captive-reared fish occurred between September 16 and 23, 2000, while peak wild/natural spawning in the Lemhi River occurred between September 5 and 10, 2000.  Out planted fish appeared to exhibit normal spawning behavior.  Females aggressively defended redd sites from other females and non-chinook species.  Digging patterns resembled those observed for wild fish, with initial excavation, construction of multiple nest pockets, and successive grooming.  Characterization of male behavior was difficult due to the low number of males in the study section.  The few males that we observed actively courted several females, and spawned multiple redds.  An estimated 15 redds were constructed by captive-reared chinook in Big Springs Creek in 2000.

Several limitations associated with the release of captive-reared chinook salmon have been identified.  Program limitations include:

· the limited availability of age 4 and age 5 captive-reared males,

· asynchronous spawn timing for captive-reared and wild/natural chinook salmon, and incomplete or arrested maturation and ovulation in captive-reared females,

· and insufficient physical ability of captive-reared adults to negotiate natural stream conditions, construct successful redds, and compete with other species for spawning privileges.

Coordinated through the CSCPTOC, the following work has been completed or is underway to address these limitations:  In culture, it appears inevitable that age 2 and age 3 male maturation in captive-reared chinook salmon will exceed that of their wild/natural counterparts.  This stands to reason as hatchery design and rearing conditions do not match the “wild rearing template”.  To help offset the precocial development of male program fish, water temperature and diet ration are being manipulated to provide reasonable environmental conditions and acceptable growth modulation.  Through transfer to seawater at smolt age, fish are reared on chilled water at the IDFG Eagle Fish Hatchery.  Using a water chilling system, ambient water temperature (13.5(C) is reduced to between 10.0(C and 11.0(C.  Feeding regimes have also been developed (collaboratively with NMFS, Project No. 199606700) to adjust ration seasonally to mimic natural conditions.  In addition, the development and use of hydraulic egg collection techniques (beginning in 1999) provides a best opportunity for the collection of equal sex ratios.  It is important to note that parr collected from target streams between 1995 and 1998 were predominantly female (65%).

Asynchronous spawn timing has been observed since the inception of the adult out planting program in 1998.  In addition, captive-reared adults retained in the hatchery for the evaluation of reproductive variables spawned consistently late as well.  Our best documentation of asynchronous spawn timing has occurred between captive-reared and wild/natural Lemhi River adults.  For example, in 2000, spawning by wild/natural chinook in the Lemhi River was approximately 90% complete by the middle of September, when study fish began spawning.  To address this limitation, for release year 2000, the CSCPTOC recommended that maturing, captive-reared chinook salmon be transferred from seawater to freshwater and subsequently to the habitat earlier than in previous release years.  The hypothesis was that greater time exposed to natural environmental conditions, particularly water temperature, could favorably influence maturation timing.  In 2000, maturing, captive-reared adults were transferred to freshwater and to the habitat approximately one month earlier than in past years.  Unfortunately, spawn timing was not affected.  In 2001, NMFS Northwest Fisheries Science Center researchers collaborated with IDFG to design an approach to address this limitation that included laboratory studies of maturation physiology and the development of additional chilled water capacity at the IDFG Eagle Fish Hatchery.  The physiological element, now identified in Project 199305600, is underway and designed to compare the progress of maturation as well as to evaluate the bioenergetics of migration in ocean-reared hatchery fish.  Samples of gonads, blood and carcasses will be collected from anadromous hatchery adults in addition to captive-reared adults.  Gonads will be preserved and examined histologically.  Blood plasma will be analyzed for sex steroid levels and carcasses will be analyzed for total protein, fat, water, and ash.  Results will be developed and compared for hatchery-produced and wild/natural adults.  It is hoped that this research will provide some insight as to when the dysfunction in captive-reared adults is occurring and how to correct it.  Concurrently, maturing, hatchery-produced chinook salmon will undergo maturation on two different water temperatures (13.5(C and 9.5(C) at the IDFG Eagle Fish Hatchery.  Adults from treatment and control environments will contribute information to the physiological data set as well as being released to spawn naturally in 2001.  Similar efforts with Atlantic Salmon Salmo salar in Scandinavia successfully shifted (moved up) spawn timing by as much as one month (NMFS Swanson, personal communication).

Physical performance deficiencies in captive-reared adult, chinook salmon appear to exist.  Based on observational data collected during spawning investigations conducted from 1998 to 2000, captive-reared adults are at a disadvantage to their wild/natural counterparts with respect to physically mastering environmental conditions encountered following release for natural spawning.  As a result, the selection of appropriate spawning habitat could be compromised as fish “settle” for locations that suit their physical limitations.  Associated with this suspected dysfunction is the potential for adults to build shallow or poorly armored redds that place deposited eggs in jeopardy of being “scoured out”.  To verify that captive-reared adults are successfully depositing eggs, we attempted to recover eyed-eggs from the 15 redds constructed in Big Springs Creek in 2000.   Eggs were successfully deposited in 13 of the 15 redds.  However, only 21% of the 440 eggs recovered were viable.  A large percentage of eggs from several redds were found to be blank or unfertilized.  These eggs appeared to be alive when first removed from the gravel, but turned opaque shortly after collection.  Unfortunately, this was not noticed until most of the redds had been sampled, and may have resulted in a disproportionate number of eggs from some redds being classified as dead.  From a production standpoint, dead and unfertilized eggs are functionally equivalent, and will not change the overall success (or failure) of the redd.  However, this proportion will become important in future efforts to determine the cause of “in gravel” mortality.  We also observed that a number of eggs in the Big Springs Creek sample had apparently died after developing to the eyed stage.  Smothering by fine sediments is the most likely cause of this mortality.   Habitat selected by fish for spawning appeared to have unacceptable levels of sand and silt (>20% estimated).  Nevertheless, egg survival results were less than optimal in 2000.  Whether this is completely an environmental phenomenon or related to physiological dysfunction, is not clear.  Ongoing physiological investigations discussed above are expected to provide insight on this issue.  In addition, findings from ongoing NMFS research addressing the effect of forced exercise regimes on the reproductive success of captive-reared chinook salmon (Project No. 199105500) will hopefully provide insight as to whether physical deficiencies are limiting reproductive success in the habitat.  

Population Viability Assessment.  In FY 2001, the IDFG and the University of Idaho developed the following progress report: Population Viability Analyses for Snake River Spring/Summer Chinook Salmon Spawning Populations (Dennis and Szerlong 2000).  This work is consistent with Section 9.6.4.3 (Actions 175 and 177) of the FCRPS Biological Opinion.  The progress report assessed the risk of extinction for 14 core subpopulations of Snake River spring/summer chinook salmon originating in the Selway River and the South Fork, Middle Fork, and mainstem Salmon rivers of Idaho.  Model development and populations viability analyses are still ongoing. The models will be used to estimate population persistence for the specific stocks and to help prioritize potential population conservation intervention actions.  The results developed to date are preliminary.  Only point estimates of parameter values and point estimates of extinction probabilities have been developed.  Confidence intervals, from which inferences on persistence can be made, will follow.  In general, extinction-time distributions varied over the populations under study.  Models predicted relatively high probabilities of extinction for the populations of the Middle Fork Salmon River (Camas Creek, Loon Creek, Marsh Creek, and Sulphur Creek), and the mainstem Salmon River (Valley Creek and Yankee Fork Salmon River).  A relatively high probability of persistence through the next 100 years was predicted for populations of the South Fork Salmon River (Johnson Creek, Secesh River, and mainstem South Fork Salmon River) and the Middle Fork Salmon River (Big Creek and Bear Valley Creek).

Project budget history.  

Project 9700100 - Fiscal Year 1997 = $731,532

Project 9700100 – Fiscal Year 1998 = $145,000

Project 9801002 – Fiscal Year 1998 = $78,000

Project 9700100 – Fiscal Year 1999 = $145,000

Project 9700100 – Fiscal Year 2000 = $546,000

Project 199700100 – Fiscal Year 2001 = $515,000
Project reporting. Annually, the IDFG Captive Rearing Project for Salmon River Chinook Salmon produces reports to satisfy Section 10 requirements of the ESA and BPA contract requirements.  National Marine Fisheries Service reports are available through the Snake River Habitat Branch Office at the following address:

National Marine Fisheries Service

Snake River Habitat Branch Office

10215 W. Emerald St, Suite 180

Boise, ID 83704

Bonneville Power Administration reports are available on the BPA website (http://www.efw.bpa.gov/cgi-bin/FW/publications.cgi).  The following reports are posted:

Hassemer, P., Kline, P., Heindel, J., and K. Plaster.  1999.  Captive rearing initiative for salmon river chinook salmon.  Project progress report.  Report period January 1998 to January 1999.  Prepared for U.S. Department of Energy, Bonneville Power Administration, Division of Fish and Wildlife.  Portland, OR.

Hassemer, P., Kline, P., Heindel, J., Plaster, K., and D. Venditti.  2001.  Captive rearing initiative for salmon river chinook salmon.  Project progress report.  Report period January 1, 1999 to December 31, 2000.  Prepared for U.S. Department of Energy, Bonneville Power Administration, Division of Fish and Wildlife.  Portland, OR.

The 1999 report summarizes activities from the outset of BPA funding through the end of 1998.

Technical oversight. When this project was initiated, captive culture of chinook salmon was a relatively new field.  Because of this, the Chinook Salmon Captive Propagation Technical Oversight Committee (CSCPTOC) was organized to provide a forum of peer review and discussion of all activities and propagation protocols associated with this program.  Participants in the CSCPTOC include Idaho Department of Fish and Game, Bonneville Power Administration, National Marine Fisheries Service, Oregon Department of Fish and Wildlife, Shoshone-Bannock Tribes, University of Idaho, U.S. Fish and Wildlife Service, and Washington Department of Fish and Wildlife. The committee meets at least six times each year. This allows for an adaptive management approach to all phases of the program and ultimately improves program success as new and better information becomes available.
f. Proposal objectives, tasks and methods
Captive propagation of chinook salmon is a relatively new field and because of this, the role of the Chinook Salmon Captive Propagation Technical Oversight Committee (CSCPTOC) is very important to the success of the program.  The CSCPTOC provides a forum of peer review and discussion of all activities and propagation protocols associated with this program.  This allows for an adaptive management approach to all phases of the program and ultimately improves program success as new and better information becomes available.

Objective 1. Produce captive-reared adult chinook salmon with morphological, physiological, and behavioral characteristics similar to naturally produced fish.  The IDFG and its cooperators on the chinook captive rearing program have played the lead role in developing program methodologies, especially with respect to fish culture techniques.  From the inception of the program, project personnel and regional fish culture experts have participated in workshops and planning sessions that have lead to the development of culture protocols in place today.  Adaptively managed through the CSCPTOC process, culture practices remain flexible to achieve maximum program success.  Routine protocols including; diet and rations, rearing densities, chemical therapeutant treatments, sample counts, marking and tagging, and frequency of handling are constantly reviewed to maintain consistency between IDFG and NMFS culture locations and achieve the best program results.

Objective 1.  Task A.   Maintain facilities to produce captive-reared adult chinook salmon and attain objectives. Considerable effort and resources were originally required to retrofit the IDFG Eagle Fish Hatchery from a trout production layout to a facility suitable for conservation hatchery applications.  Original modifications were completed with the start-up of the IDFG Redfish Lake Sockeye Salmon Captive Broodstock Program in 1991 (Project No. 199107200).  Facility maintenance, equipment replacement and/or repair, and equipment upgrading represents a significant amount of annual operational costs.  This task addresses all required labor and purchasing to maintain buildings, water systems and residences without any change in scope of operation.  This task includes funding and labor to replace failed life support systems (pumps, water chiller systems, degassing towers, etc.) for ESA fish in culture at the Eagle Fish Hatchery.

Objective 1.  Task B.  Modify facilities (hatchery building well field) to meet water demands, and life support system safety requirements to meet basic program rearing needs to atain objectives.  This task addresses the need to rebuild plumbing and pump systems associated with an aging well field that provides primary water to the IDFG Eagle Fish Hatchery incubation building and adjacent rearing structure.  As designed, the system uses potentially toxic metals and is undersized for the present scope of the program.  This modification would produce measurable benefits to captive-reared chinook salmon in culture at the Eagle Fish Hatchery.  In addition to addressing a risk issue associated with the present design, additional ambient and chilled water capability would provide better rearing conditions and potentially reduce the rate of prcocial male maturation in captive rearing groups.  This task is consistent with language contained in Action 177 of the FCRPS Biological Opinion.  This task should be completed in Fiscal Year 2002.

Objective 1.  Task C.  Enclose outside raceways, provide photoperiod control, and provide additional ambient and chilled water capability to meet basic program rearing needs to atain objectives.  Task C. of Objective 1 addresses a second needed modification to Eagle Hatchery and represents no change in the scope of the project.  First year costs are identified and include engineering and planning studies to develop additional water capability and chiller capacity, and to construct a building over rearing tanks located in the large raceway area of the facility.  The absence of the enclosure and additional chilled water capability presently limits the Program’s ability to adequately address the primary hypothesis posed by this project: is captive rearing an effective intervention tool that can be used to prevent population decline and maintain a continuum of spawners in the habitat.  Limitations addressed above under Project History (Section e.) related to reproductive dysfunction in maturing adults can best be addressed by completing these modifications.  Second year cost sharing is expected from the Redfish Lake Sockeye Salmon Captive Broodstock Program (Project No. 199107200).

Objective 1. Tasks D – G.   Collect fish/eggs from three stocks to initiate rearing groups. Rear captive chinook salmon through maturation.  Compare captive-reared adults to wild/natural conspecifics.  Monitor and adaptively manage culture protocols as they relate to fish survival, fish growth, and fish maturation.  PIT tag and visual implant tag all fish to facilitate poulation isolation and tracking during captive culture.  Cryopreserve milt from male captive chinook salmon as needed to preserve future options.  These tasks comprise broodstock collection and fish culture effort in place to attain Objective 1.

Prior to 1999, juvenile chinook salmon were collected using rotary screw traps (E.G. Solutions, Corvallis, OR) or beach seines.  Rotary screw traps are passive capture devices generally positioned in the thalweg of the stream.  Stream flow turns a baffled cylinder that funnels captured fish to a live well for temporary holding.  Beach seines were used to collect juvenile chinook salmon over a broad range of stream distance.  Following the location of juveniles by snorkeling, a beach seine is positioned downstream of the target assemblage of fish.  Snorkelers then work cooperatively with seine handlers to capture fish.  

Beginning in 1999, collections shifted from parr to eyed-eggs (see discussion in Section e.).  Eyed-eggs are collected using hydraulic sampling methods described by McNeil (1964).  Hydraulic sampling equipment consists of two main components.  The first is a gas-powered pump attached to a 3.8-cm diameter aluminum probe, via flexible tubing.  Holes drilled near the top of the probe infuse air into the water stream through venturi action.  The second component is the collection net frame, which consists of a “D” shaped aluminum frame with expanded plastic mesh along its curved portion and netting around the bottom and sides of its straight portion.  When the pump is on water is forced through the probe and it is worked into the substrate within the net frame.  The air/water stream then lifts eggs out of the substrate, where they are swept downstream into the net.  The expanded plastic screen confines eggs lifted out near the periphery and channels them into the net.  In order to minimize disturbance to the redd, sampling is begun slightly downstream of estimated nest pocket locations, and progresses upstream.  This prevents the fine materials lifted out of the substrate from settling back into the redd and possibly smothering the eggs.  Care is also taken to keep field staff behind or to the side of the net frame to minimize redd trampling.  

To facilitate eyed-egg collections, redd locations are marked, construction and completion dates determined, and stream temperatures monitored.  When redds are completed and females no longer present, iron rods are driven into the streambed just upstream of the pit and downstream of the pillow along the central axis of each redd.  Thermograph are deployed to track water temperature at 2-h intervals.  Daily average water temperature is computed to track the number of Celsius temperature units (CTUs) received by the developing embryos.  Eggs are collected when they had received 300-400 CTUs.  

IDFG provides daily staffing for the propagation of Snake River captive chinook salmon.  The fish are reared using standard fish culture practices and approved therapeutants (for an overview of standard methods see Leitritz and Lewis 1976; Piper et al. 1982; Erdahl 1994; Bromage and Roberts 1995; McDaniel et al. 1996; Pennell and Barton 1996).  The fish are fed a commercial diet produced by Bioproducts (Warrenton OR).  The standard diet formulation is used until fish reach approximately 75 g after which time they receive a special brood diet enhanced with natural flavors from fish and krill.  Rearing tank size varies with fish age.  Rearing densities, diet ration, and tank size are managed to minimize precocial maturation and promote optimum growth to attain program objectives and goals.  Juvenile chinook salmon (collected as parr) are reared separately, by population, until their transfer to seawater.  Rearing groups sourced as eyed-eggs are incubated and reared by family (redd).  Prior to transfer to seawater, all captive-reared chinook salmon are PIT-tagged.  In addition, all chinook salmon receive a visible implant tag (elastomer).  Following tagging, chinook may be combined in common tanks, by brood year.  Mortalities, both natural and maturation-related, are typically examined by a fish pathologist.  Tissues are analyzed for common bacterial and viral pathogens.  In addition, tissue samples are removed, frozen (- 80 EC), and transferred to NMFS (Project No. 198909600) and the University of Idaho (Project No. 199009300 ) for subsequent genetic analysis.  Juvenile chinook salmon destined for transfer to the Manchester Marine Laboratory for seawater rearing are vaccinated against Vibrio spp.  Chinook salmon held at Eagle Fish Hatchery receive periodic Aquamycin treatments (or prophylaxis) using medicated feeds. In addition, Erythromycin may be delivered to specific rearing groups through interperitoneal injection.

Eggs, may be transferred to remote field locations for incubation in streamside or instream incubation systems.  Eyed-eggs are packed at a conservative density in perforated shipping tubes, capped, and labeled to identify target stream and number.  Tubes are wrapped with hatchery water-saturated cheesecloth and packed in small, insulated coolers.  Ice chips are added to insure proper temperature maintenance and coolers are sealed with packing tape.  Fish are transported to and from collection locations in truck mounted, insulated tanks (typically 1,136 L capacity) with alarm and back-up oxygen systems on board.  For longer duration trips (e.g., from NMFS Washington facilities to Idaho), larger capacity truck mounted tanks may be used (3,785 L and 9,463 L tanks available).  IDFG obtains the appropriate permits for interstate transfer of captive chinook salmon to and from NMFS facilities.  All vehicles are equipped to provide the appropriate conditions (temperature, oxygen, capacity) to insure the safe transport of fish to and from specified locations.  In addition, all vehicles are equipped with two-way radios or cellular phones to provide routine or emergency communication capability.  Prior to releasing transported fish at hatchery or remote release locations, transport and receiving water temperatures are tempered to within a 2.0ºC range of each other.

Following maturation events, a portion of male chinook salmon, not released, may be spawned in the hatchery to facilitate the investigation of reproduction variables or selected as donors for milt cryopreservation.  Milt cryopreservation follows standard practices described by Cloud et al.  (1990) and Wheeler and Thorgaard (1991).  Milt is cryopreserved at the IDFG Eagle Fish Hatchery and held at up to three facilities to minimize the risk associated with liquid nitrogen storage equipment failure at any one facility. 

Hatchery spawning follows accepted, standard practices as described by McDaniel el al. (1994) and Erdahl (1994).  In addition, input on the development of spawning designs is provided by the University of Idaho and discussed at the CSCPTOC level.  Eggs produced at spawning are divided into sub-lots (by female) and fertilized with milt from unique program males.  Up to four  sub-families may be produced from each female (factorial design).  Unique males are used an appropriate number of times to balance their contribution to the spawning design.  Milt is pre-harvested from contributing males and examined for motility prior to use.  Eggs are incubated by sub-family to yield lineage-specific rearing groups.  Overall egg quality is judged by examining egg size, clarity of ovarian fluid, and presence/absence of polarized or overripe eggs.  Fecundities are developed by applying sub-sample weights to the total egg weight for each female.  Egg survival to the eyed stage off development is determined by subtracting dead or unfertilized eggs from the total estimated number of eggs for each female.

Eyed-eggs produced for the purpose of examining reproduction variables in captive adults are typically returned to a hatch box program cooperatively managed by the Shoshone-Bannock Tribes (Project No. 199705700).  Eyed-eggs are transferred to instream or streamside incubation environments.  Instream incubation boxes (Jordan-Scotty) are anchored to the channel substrate at locations with suitable water depth, velocity, and substrate conditions.  Streamside incubation systems consist of Whitlock-Vibert hatch boxes placed in larger incubation environments plumbed with flow-through spring water.  Both systems are checked periodically during incubation, hatch and fry recruitment periods.  Hatch success is estimated by subtracting the number of dead eggs and fry from the original number of eyed-eggs introduced to the hatch environment.

Objective 2.  Evaluate spawning behavior and success of out planted (captive-reared) adults.  A final determination of actual out planting and field monitoring procedures to be used in August and September, 2001 (FY2001 period of activity) will not be made until  2000 field season information is summarized and evaluated.  This will allow us to adaptively incorporate new knowledge and address other uncertainties that may be identified.  A brief review of past out plant monitoring efforts and information is given here to provide a framework for developing the FY2001 methods.

Determination of sex and maturation in captive chinook salmon populations is conducted using physical sorting procedures and non-lethal genetic sex determination.  To facilitate the determination of genetic sex, fin tissue is sampled from anesthetized, maturing chinook adults.  Tissue samples, stored in 95% ethanol are transferred to NMFS Northwest Fisheries Science Center researchers for analysis (Project No. 198909600).  Physical maturation sorts are conducted periodically on anesthetized fish and include the collection of observational and tactile data related to changes in body coloration, the development of other secondary sex characteristics, and the development of maturing gonads and the mobilization of body fat.

Objective 2.  Task A. Tag adults with externally visible tags prior to out planting and radio-tag a resonable number of fish for field tracking.  Pre-spawn adults destined for release for natural spawning are marked with visible tags to facilitate field evaluations.  Typically, a combination of Floy and Petersen disc tags are used.  In addition, a portion of pre-spawn adults may be fitted with radio transmitters.  Telemetry equipment is manufactured by Advanced Telemetry Systems.  Model R2000 receivers and three-element Yagi antennas are used.  Transmitters are Type 201, model 10-28 (15 g dry weight) and model 5 (20 g dry weight).

Objective 2.  Task B. Out plant maturing captive-reared chinook salmon to appropriate stream study sections.  All maturing fish destined for release into streams are measured for fork length and weight and unique morphological data recorded.  As needed, blocking weirs are installed at lower and upper limits of each streams study section.  Fish releases are typically made in pools where adequate acclimation habitat and cover exists.  Transportation from hatchery to release sites is described under Objective 1.

Objective 2.  Tasks C, .D. and E.  Monitor and document movement, distribution, behavior, and spawning success of out planted fish.  Identify and document location of radio-tagged fish daily.  Map redd locations and note observed spawning pairings.  Field observers reside in nearby trailer or tent accommodations and visit study sections daily.  Typically, observers conduct two passes or scans of each study area daily.  At the outset of post-release field investigations, observers record fish migration patterns and habitat types used.  Following the first observations of spawning-related behavior, monitoring efforts increase.  Survey personnel record general health and condition of fish, mate pairing, nest digging, and any associated spawning and agonistic behavior observed.  If redd construction is observed, an effort is made to classify activities as test digging or work on redds in progress.  Following the completion of specific redds, locations are flagged and numbered.  When carcasses are recovered, location is noted, fish fork length recorded, and fish number recorded (from Floy, Petersen disc, PIT, or radio tags).  Carcasses are also examined for indications for spawning-related signs (retained eggs, condition of testes).  Since 1999, research staff from the NMFS Northwest Fisheries Science Center have assisted with the collection and interpretation of observational field data (Project No. 199305600).  In addition, IDFG research staff have reviewed video accounts of courting, nest construction, and agonistic behavior displayed by captive-reared chinook in artificial spawning channels maintained by NMFS.  This training, along with other experience, has helped build the foundation to insure this important objective is met.

Objective 2.  Task F.  Hydraulically sample completed  redds and perform snorkel surveys to verify and estimate production.   Using hydraulic sampling methods (described under Objective 1. Tasks D. - G. above) a subsample of  redds are sampled to verify that eggs were successfully desposited and fertilized.  Dead eggs recovered in this manner may be transferred to University of Idaho research staff for genetic testing to determine if eggs died pre or post-fertilization.  Standardized IDFG snorkeling techniques may be used to assess fry production the first Spring following redd construction.  Research staff from the Shoshone-Bannock Tribes may assist with this activity.

Objective 2.  Task G. Evaluate gamete quality and survival to the eyed-egg stage of development.  As indicated in Section e. above, in-hatchery spawning may take place to develop an understanding of the reproductive potential of captive-reared chinook salmon.  Reproductive variables including: maturation timing; fecundity; gamete quality; egg survival to the eyed stage of development; and hatch success and subsequent juvenile survival are typically assessed.  Overall egg quality is judged by examining egg size, clarity of ovarian fluid, and presence/absence of polarized or overripe eggs.  Fecundities are developed by applying sub-sample weights to the total egg weight for each female.  Egg survival to the eyed stage off development is determined by subtracting dead or unfertilized eggs from the total estimated number of eggs for each female.  Milt quality is initially assessed by examining motility.  In addition, egg survival data are examined for sub-families produced by single males and multiple females (male effect). 

Objective 3. Complete NPPC four-step process to initiate artificial propagation safety net programs for spring/summer chinook salmon.  Objective 3. is consistent with Section 9.6.4.3 (Actions 175, 176, and 177) of the FCRPS Biological Opinion.  The IDFG identified the need to conduct population viability assessments and explore new intervention options in their FY 2001 chinook captive rearing program proposal.

Objective 3. Task A. Complete population viability assessment (extinction risk analysis - step 1) initiated in FY01.  In FY 2001, the IDFG and the University of Idaho developed the following progress report: Population Viability Analyses for Snake River Spring/Summer Chinook Salmon Spawning Populations (Dennis and Szerlong 2000).  This progress report assessed the risk of extinction for 14 core subpopulations of Snake River spring/summer chinook salmon originating in the Selway River and the South Fork, Middle Fork, and mainstem Salmon rivers of Idaho.  Model development and populations viability analyses are still ongoing. The models will be used to estimate population persistence for the specific stocks and to help prioritize potential population conservation intervention actions (steps 2 and 3 of the four-step process).  Results of this work are presented in Section e. above.  

Objective 3.  Tasks B., C., and D.  Develop intervention options (step 2).  Conduct benefit-risk analyses for proposed strategies (step 3).  . Develop HGMP's to guide implement of safety net projects.   In FY2002, we anticipate completing the final three elements of the four step process.  This time-line is consistent with the request to complete planning actions on an “accelerated”  basis.
Objective 4.  Information/Technology transfer, Tasks A. – E.  When this project was initiated, captive culture of chinook salmon was a relatively new field. Because of this, the Chinook Salmon Captive Propagation Technical Oversight Committee (CSCPTOC) was organized to provide a forum of peer review and discussion of all activities and propagation protocols associated with this program.  Participants in the CSCPTOC include Idaho Department of Fish and Game, Bonneville Power Administration, National Marine Fisheries Service, Oregon Department of Fish and Wildlife, Shoshone-Bannock Tribes, University of Idaho, U.S. Fish and Wildlife Service, and Washington Department of Fish and Wildlife. The committee meets at least six times each year. This allows for an adaptive management approach to all phases of the program and ultimately improves program success as new and better information becomes available.  Technical minutes produced for each meeting are available through the Bonneville Power Administration.

As directed by NMFS Section 10 permit No. 1010 language, the IDFG provides NMFS with annual activity reports that address specific permit requirements.  Permit reports are available through the Snake River Habitat Branch Office in Boise, ID.  As directed by permit language, program cooperators are planning the development of a project management plan.

The IDFG produces written actitity reports to BPA to satisfy contractual requirements.  Annual reports are posted on the BPA website.

g. Facilities and equipment
Hatchery Facilities.   Eagle Fish Hatchery is the primary Idaho site for the chinook captive rearing program.  Pathogen-free artesian water from five wells is currently in use.  Artesian flow is augmented through the use of four separate pump/motor systems.  Water temperature remains a constant 13.3oC and total dissolved gas averages 100% after degassing.  Water chilling capability was added at Eagle Hatchery in 1994.  Chiller capacity accommodates egg incubation, fry rearing, and a portion of adult holding needs.  Approximately 300 gallons per minute of 9.5 oC  chilled water is available.  Backup and system redundancy is in place for degassing, pumping, and power generation.  Nine water level alarms are in use and linked through an emergency service operator.  Additional security is provided by limiting public access and by the presence of three on-site residences occupied by IDFG hatchery personnel.

Facility layout at Eagle Fish Hatchery remains flexible to accommodate culture activities ranging from spawning and incubation through adult rearing.  Egg incubation capacity at Eagle Fish Hatchery is approximately 180,000 eggs.  Incubation is accomplished in small containers specifically designed for the program.  Incubators are designed to distribute both up welling and down welling flow to accommodate pre and post-hatch stages. 

At the inception of the Sockeye Salmon Captive Broodstock Program in 1991 (Project No. 199107200), the Eagle Fish Hatchery was reconfigured to accommodate conservation hatchery practices.  Vats and raceways were replaced with several sizes of fiberglass tanks to provide isolated rearing environments for lineage-specific or destination-specific groups of fish.  Fiberglass tanks are used to culture all life stages of chinook salmon.  Flows to all tanks are maintained at no less than 1.5 exchanges per hour.  Shade covering (70%) and jump screens are used where appropriate.  Discharge standpipes are external on all tanks and assembled in two sections (“half pipe principal”) to prevent tank dewatering during fish sampling and tank maintenance periods.

Milt Cryopreservation equipment includes two 90 L  liquid nitrogen storage environments and all necessary equipment to complete the freezing process in-house.

Sawtooth Hatchery was completed in 1985 as part of the Lower Snake River Compensation Plan and is located on the Salmon river in the Stanley Basin, Idaho.  Sawtooth Hatchery personnel and facilities have been used continuously since 1995 to depot pre-smolts prior to their transfer to the Eagle Fish Hatchery.  Following collection, pre-smolts are held in 2 m semi-square fiberglass tanks by stream origin.  All fish rearing occurs on well water.  Water temperature varies by time of year from approximately 2.5 oC in January/February to 11.1 oC in August/September.  Back-up and redundancy systems are in place.
Fish Transportation Equipment.  Live fish transfers occur in a variety of vehicles including customized pick-up trucks and standard fish transportation trucks.  The vehicle and containers used will depend upon, among other things, the size and number of fish and the distance to be hauled.  Idaho Department of Fish and Game has the following tank capacities available for use in the chinook captive rearing program; 300 gal. (1,136 L), 1000 gal. (3,785 L), and 2,500 gal. (9,463 L).  All vehicles are equipped to provide the appropriate conditions (temperature, oxygen, capacity) to facilitate safe transport of fish to the specified destination.  All vehicles are equipped with two-way radios or cellular phones to provide routine or emergency communications.  Fish are transported by IDFG or cooperator personnel.

Monitoring and Evaluation Equipment.  All equipment necessary for field stations and field observations is currently on hand.  This equipment includes camp trailers, weir parts, camp tents and miscellaneous camp gear, two radio telemetry receivers, radio tags, wet suits, waders, etc.  Transportation needs are sufficiently met with additional IDFG vehicles available as needed (fish transportation).   PIT tag equipment includes one self-contained tagging station and two back-up readers and antennas. 

Office Equipment.  The project has an adequate number desktop and laptop computers for office and field activities (laptops used primarily for PIT tagging).  Immediate project personnel are located at two facilities; the Eagle Fish Hatchery and the Nampa Fisheries Research Office.  Adequate office and storage space are available at both locations.  General office support equipment (e.g., copy machine, printers, fax) are available at both office facilities.

Fish Health Facilities and Equipment.  The IDFG Fish Health Laboratory is located adjacent to the Eagle Fish Hatchery and provides space for all necropsy work associated with the program.  Fish necropsies and pathology investigations are carried out at this location.  The laboratory is adequately equipped to perform routine bacteriology, virology, histology, and parisitology inspection and diagnostic surveys.

Staff.  The project is staffed with 2.5 permanent FTE’s (Principal Investigators, Research Biologist, Senior Fish Technician) and adequate temporary personnel time to achieve program objectives (3.9 FTE’s).  This project benefits from in-kind service funded under the Redfish Lake Sockeye Captive Broodstock Program (Project No. 199102700).  
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Section 10 of 10. Key personnel

The project Principal Investigator is Paul Kline.  Mr. Kline has worked for IDFG since 1992 in resident and anadromous fisheries research sub-sections.  He has been affiliated with salmon recovery programs since 1993.  In addition to sharing chinook captive rearing program responsibility, Mr. Kline is currently principal investigator for IDFG’s sockeye salmon recovery effort.  Prior to assuming management responsibility for IDFG captive propagation programs, Mr. Kline served as sockeye project Research Biologist.  In this capacity, he coordinated all evaluation activities associated with O. nerka population monitoring, juvenile outmigrant monitoring, pre-spawn adult volitional spawning investigations, life history investigations, and kokanee fishery monitoring.  He received his B.S. and M.S. in Natural Resources and Fisheries from Humboldt State University (1975, 1980).  Prior to coming to IDFG, Mr. Kline worked for the United States Forest Service and for a private consulting firm in Northern California.  During his years in the consulting business, Mr. Kline was lead investigator on numerous fishery habitat and population surveys of coastal salmon and steelhead systems.

Peter Hassemer shares project oversight.  Mr. Hassemer holds the title of Principal Fisheries Research Biologist and is charged with oversight of IDFG’s salmon and steelhead supplementation investigations.  In addition, Mr. Hassemer manages hatchery evaluation efforts for IDFG’s Lower Snake River Compensation Program hatcheries.  He has worked for the IDFG since 1990 in fisheries management and anadromous fisheries research.  He received a B.S. (1979) and M.S. (1984) in Fisheries Science from the University of Idaho.

Keith Johnson serves as fish pathologist and technical advisor for the sockeye program.  Dr. Johnson received his B.S. (1966) from the University of Idaho, his M. S. (1968) from Montana State University and his Ph.D from Oregon State University (1975).  Dr. Johnson has worked in fish culture and fish health for 24 years.  Dr. Johnson is currently Fish Health Manager for IDFG.  Prior to assuming this position, Dr. Johnson served as principal investigator on the Sockeye Captive Broodstock Program.  

David Venditti is the project’s Research Biologist.  He received his B.S. (1989) in Wildlife and Fisheries Science from South Dakota State University and his M.S. (1994) in Fish and Wildlife Management from Montana State University.  He began working with the IDFG in August 2000, and is responsible for planning and overseeing the project’s activities.  Prior to his employment with the IDFG he worked for the U.S. Geological Survey as a Fishery Biologist and Research Fishery Biologist where he investigated factors affecting the emigration of juvenile fall chinook salmon through lower Snake River reservoirs and the effects of dissolved gas supersaturation on resident fish in the Columbia River.  

Catherine Willard is the Senior Fisheries Technician for the project.  Catherine has worked for the Idaho Department of Fish and Game sockeye salmon and chinook salmon captive hatchery programs since October of 2000.  She assists with hatchery activities, maintains hatchery records, conducts field activities and assists with report writing.  Prior to her employment with the IDFG, she served as a Fisheries Technician at a resident trout hatchery and then as Assistant Fisheries Biologist for the North Carolina Wildlife Resources Commission.  Other previous employment includes working as a seasonal Fisheries Technician for the Colorado Division of Wildlife and as a Research Assistant at the Aquatic Ecotoxicology Laboratory at Colorado State University.  She received her B.S. degree in Wildlife Biology in 1997 from Colorado State University.

Brian Malaise holds the position of Assistant Hatchery Manager at the IDFG Eagle Fish Hatchery.  Brian has worked for IDFG since 1990 at several resident and anadromous state facilities.  He has been associated with the sockeye and chinook captive programs since 1996.  Brian received his B.S. in Fisheries and Wildlife Biology from Iowa State University in 1990.  Prior to coming to IDFG, Brian worked for the Iowa Department of Natural Resources. 

Tom Kent is the Fish Culturist for the project.  Tom has worked for the IDFG sockeye salmon and chinook captive broodstock programs since March of 2001.  He assists with feeding the fish, cleaning tanks, tank maintenance and other facility maintenance, feed projections, feed orders, various other hatchery activities, and most field activities.  Tom received his B.S. degree in Fisheries and Wildlife in 1998 from Utah State University.  Prior to his employment with the IDFG he was a Fish Culturist with the Nevada Division of Wildlife working on the Lahontan Cutthroat Conservation Program.  Other previous employments were two years of temporary assignments with the IDFG at the Hagerman Fish Hatchery and the Hayspur Fish Hatchery.  He also served a six-month temporary term with the Idaho Department of Environmental Quality as an Environmental Technician doing water quality analysis in mountain streams.
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