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a. Abstract 
Precipitous declines of Snake River sockeye salmon lead to their Federal listing as endangered in 1991 (56 FR 58619). In that same year, the Idaho Department of Fish and Game (IDFG) initiated a Captive Broodstock Program to maintain Snake River sockeye salmon and prevent species extinction. The ultimate program goal is to reestablish sockeye salmon runs to Stanley Basin waters and to provide for sport and treaty harvest opportunities. In the near-term, the program is focused on preventing further population loss, maintaining population genetic integrity, and rebuilding the population numbers.  

Since the inception of the program in 1991, all returning anadromous adult sockeye salmon (16 wild fish), several hundred Redfish Lake wild out-migrants, and several residual sockeye salmon adults have been captured and used to develop captive broodstocks at the IDFG Eagle Fish Hatchery and at NMFS facilities in Washington State. Adaptively managed, the program generates hatchery-produced eggs, juveniles, and adults for supplementation to Stanley Basin waters. In addition, emphasis is placed on the annual development of genetically diverse broodstocks. Program captive broodstock techniques reflect the Region's best protocols for maintaining maximum genetic diversity, survival, and production success. Fish culture variables (e.g., broodstock mating designs, fish survival, maturation success, fecundity, egg survival to eye, and fish health) are continuously monitored and evaluated to insure maximum program success. Juvenile out-migrant monitoring (using PIT tag technology), adult return monitoring, and adult sonic telemetry studies provide information critical for the evaluation of program reintroduction strategies. Program methods and results undergo constant review through the Stanley Basin Sockeye Technical Oversight Committee, a team of technical experts assembled to review program results and to guide program direction.  

Through 2000, the IDFG and NMFS hatchery programs have produced in excess of 600,000 pre-smolts, 106,000 smolts, 600 adults, and 290,000 eyed-eggs for reintroduction to Stanley Basin lakes and tributary streams.  From this production, approximately 230,000 hatchery-produced, juvenile sockeye salmon have emigrated from Stanley Basin waters.  In 1999, the first hatchery-produced sockeye salmon returned to the Stanley Basin.  In that year, seven age 3 adults (six males and one female) returned to spawn.  In 2000, the program experienced its first significant return of hatchery-produced adults.  Two hundred fifty-seven sockeye salmon returned to collection facilities on Redfish Lake Creek and the upper Salmon River at the IDFG Sawtooth Fish Hatchery.  The majority of year 2000 adult returns were released to the system for natural spawning.

b. Technical and/or scientific background
Numbers of Snake River sockeye salmon have declined dramatically in recent years.  In Idaho, only the lakes of the upper Salmon River (Stanley Basin) remain as potential sources of production.  Historically, five Stanley Basin lakes (Redfish, Alturas, Pettit, Stanley, and Yellow Belly) supported sockeye salmon (Bjornn et al. 1968; Chapman et al. 1990).  By 1962, sockeye salmon were no longer returning to Stanley, Pettit, and Yellow Belly lakes (Chapman et al. 1990).  Currently, only Redfish Lake receives a remnant anadromous run (Kline 1994; Kline and Younk 1995; Kline and Lamansky 1997; Hebdon et al. 2000; Flagg et al. 2001).  

Historical accounts of sockeye salmon abundance in the Stanley Basin are scarce.  In the late 1800's Everman (1895) made observations on the distribution and abundance of sockeye salmon in Stanley Basin lakes.  Although not quantitatively described, Everman reported observing sockeye salmon in Alturas, Pettit, and Stanley lakes.  In 1881, over 1,100 kg of sockeye salmon were harvested from Alturas Lake and sold to a nearby mining community.  In 1954, an adult sockeye salmon monitoring weir was constructed on the outlet of Redfish Lake (Bjornn et al. 1968).  Over a 13 year monitoring period (1544 – 1966), adult escapement ranged from a low of 11 fish in 1961 to a high of 4,361 fish in 1955.  The adult weir was modified and reinstalled in 1985.  Over a three year monitoring period (1985 – 1987), 11, 29, and 14 adults, respectively, were counted at the structure.  Since the inception of sockeye salmon recovery efforts in 1991, the adult weir on Redfish Lake Creek has been operated annually.  Since 1990, 16 wild, adult sockeye salmon have returned to Redfish Lake Creek.

Waples (1991), described Snake River sockeye salmon as a prime example of a species on the threshold of extinction.  In response to a petition submitted by the Shoshone-Bannock Tribes, Snake River sockeye salmon were listed as endangered under the Endangered Species Act on November 20, 1991 (56 FR 58619).  The ESA recognizes that conservation of listed species may be facilitated by artificial means while factors impeding population recovery persist (Hard et al. 1992).  Often, the only reasonable avenue to build populations quickly enough to avoid extinction is through captive broodstock technology (Flagg and Mahnken 1995; Flagg et al. 1995).  Based on critically low population numbers and the risk of extinction, IDFG in cooperation with NMFS, the Shoshone-Bannock Tribes, Bonneville Power Administration, and others initiated recovery efforts in 1991 (see Johnson 1993; Flagg 1993; Spaulding 1993; Flagg and McAuley 1994; Flagg et al. 1994; Johnson 1994; Kline 1994; Teuscher et al. 1994; Flagg et al. 1995; Kline and Younk 1995; Teuscher et al. 1995; Flagg et al. 1996; Johnson and Pravecek 1996;  Teuscher and Taki 1996; Kline and Lamansky 1997; Pravecek and Johnson 1997; Taki and Mikkelsen 1997;  Kline and Heindel 1999; Hebdon et al. 2000).  Consistent with the primary artificial production strategy identified in the Northwest Power Planning Council’s 2000 Fish and Wildlife Program (NPPC 2000b), the NMFS 1997 pre-decisional Snake River Salmon Recovery Plan (Schmitten et al. 1997), basin-wide salmon recovery strategies developed by the Federal Caucus (Federal Caucus 2000), guidelines presented in the Council’s Artificial Production Review (Brannon et al. 1999), artificial production measures (Section 9.6.4) and Action 177 identified in the FCRPS Biological Opinion (NMFS 2000), and goals, objectives, and strategies presented in Section 5.2 of the Council’s Salmon Subbasin Summary (NPPC 2000a), program efforts focus on using captive broodstock technology to protect and rebuild the population.  The captive broodstock concept differs from that used in conventional hatcheries in that fish of wild origin are maintained in the hatchery through maturation and spawning (Flagg et al. 1995).

Although not without risk, captive broodstock 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 culture and spawn sockeye salmon reflect the Regions’s best science.  Program fish culture protocols follow accepted conservation hatchery guidelines developed by Hard (1992), Kapuscinski and Jacobson 1987), Brannon et al. (1999), and Flagg and Nash (1999).  For Redfish Lake sockeye salmon, captive techniques may represent the only means of rebuilding population strength and genetic variability quickly enough to avoid the consequences of inbreeding and possible population extinction.

Coordination of recovery efforts is carried out under the guidance of the Stanley Basin Technical Oversight Committee (SBSTOC), a team of technical experts representing the agencies involved in the recovery and management of Snake River sockeye salmon.    Further coordination takes place at the Federal level through the ESA Section 10 permitting process.
c. Rationale and significance to Regional Programs
Rational for the Project

Numbers of Snake River sockeye salmon have declined dramatically in recent years.  In Idaho, only the lakes of the upper Salmon River (Stanley Basin) remain as potential sources of production.  In response to a 1990 petition from the Shoshone-Bannock Tribes, NMFS declared the Redfish Lake population endangered in November, 1991 (56 FR 58619).  Since 1990, only 16 wild, adult sockeye have returned to Redfish Lake.  It is a virtual certainty that without the boost provided by these captive broodstocks, Redfish Lake sockeye salmon would soon be extinct.

Project Development Under Past Regional Programs

Anadromous fishery managers in the basin are increasingly faced with two disparate objectives in their management programs, increasing the numbers of fish 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.  Goals and objectives of the Redfish Lake Sockeye Salmon Captive Broodstock Program are consistent with these principles.  Considerable attention and effort are placed on the importance of maintaining the genetic integrity of the Snake River sockeye salmon ESU.  Reintroducing fish to the habitat is also an important component of this program.  

Redfish Lake Sockeye Salmon Captive Broodstock Program goals and objectives are also consistent with guidelines and recommendations specifically addressed in the following sections of the 1994 Fish and Wildlife Program: 7.2 – the need to utilize artificial propagation to aid depleted populations; 7.4C.1 – the need for immediate intervention to protect badly damaged populations; 7.4D - the need to develop captive broodstocks as “the most cost effective means of accelerating recovery of severely depleted stocks”; 7.4E - the use of cryopreservation to “bank” critical genetic resources and to protect future options; and 7.5A.1 - the recommendation to continue captive broodstock efforts for Snake River sockeye salmon,  to produce fish for reintroduction to the habitat, to develop a monitoring and evaluation program, and to develop the facility infrastructure to meet these needs.

Captive broodstock efforts are also consistent with the Recovery Goal presented in Chapter 7 of the NMFS pre-decisional Snake River Salmon Recovery Plan (Schmitten et al. 1997).  In addition, sockeye recovery efforts conform to recommendations developed by Columbia Basin Fish and Wildlife Authority (CBFWA) co-managers.  Specifically, the use of captive broodstock technology to increase numbers of Redfish Lake sockeye salmon is identified as one of several general strategies developed to achieve outcome-based objectives identified in the 1999 Annual Implementation Work Plan (NPPC 1999a).

Two Technical Memoranda developed by NMFS have provided information that has been used to help shape sockeye program hatchery protocols.  Pacific Salmon and Artificial Propagation Under the Endangered Species Act (Hard et al. 1992) addressed  hatchery practices associated with the culture of endangered species.  Specifically: choice of donor stock, broodstock collection and mating, husbandry techniques, release strategies, and monitoring and evaluation programs were discussed.    A Conceptual Framework for Conservation Hatchery Strategies for Pacific Salmonids (Flagg and Nash 1999) provided a framework for developing production strategies which can be applied in conservation hatcheries to produce fish with wild-like attributes.  Flagg and Nash (1999) discussed broodstock sourcing, broodstock maturation and reproduction, enriched environments, growth rate modulation, rearing density, predator conditioning, release size and time, and imprinting.  Strategies identified in both Technical Memoranda have helped shape the Redfish Lake Sockeye Salmon Captive Broodstock Program.

Project Significance to Current Regional Programs

Salmon Subbasin Summary  - The critical status of Snake River Sockeye salmon is clearly described in Section 4.1.1.a of the Salmon Subbasin Summary (NPPC 2000a) .  Section 4.5.1 identifies the Redfish Lake Sockeye Salmon Captive Broodstock Project 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 Salmon 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 Salmon Subbasin Summary (Section 5.2) overlap with the primary the principal objectives of the Redfish Lake Sockeye Salmon Captive Broodstock Program.  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.  Specific recommendations that overlap with Objective 1. of captive broodstock 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 broodstocks 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 Federal Columbia River Power System Biological Opinion (NMFS 2000) 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.  This language is consistent with Objective 1 of the Redfish Lake Sockeye Salmon Captive Broodstock Program.  Objective 1., Tasks C. through N. specifically address the development of genetically prudent broodstocks and the use of cryopreservation to archive key genetic resources and to keep unique identities active in the spawning program.  Objective 1., Task I. specifically addresses the production of progeny for reintroduction to the habitat.  Hatchery practices reflect the Region’s best protocols and undergo constant review and modification through the Stanley Basin Technical Oversight Committee 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 which no longer require the protection of the Endangered Species Act.  Redfish Lake Sockeye Captive Broodstock 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 Redfish Lake Sockeye Salmon Captive Broodstock Program.  The principal Nez Perce Tribal goal; “to restore anadromous fish in rivers and streams…”, is directly compatible with the primary captive broodstock program goal.  Management objectives 1. through 3., Artificial Production Objectives 1. through 3., and Research Monitoring and Evaluation Objective 4. overlap considerably with Objectives 1 through 4 of this proposal.  Shoshone-Bannock Tribal Objective 1., Strategies 1. and 3., are directly tied to IDFG program goals and objectives.  Shoshone-Bannock Tribal activities are in place to compliment captive broodstock program work performed by cooperating BPA contractors.  As mentioned in Section d. below, habitat and fisheries investigations carried out by the Shoshone-Bannock Tribes are critical components of this cooperative effort. 

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 (IDFG 2001).  Goals and objectives of the Redfish Lake Sockeye Salmon Captive Broodstock Program are carried-out under these state-wide management guidelines.

Specific IDFG anadromous fish objectives and strategies that overlap with the Redfish Lake Sockeye Salmon Captive Broodstock Program include: maintaining genetic and life history diversity and integrity of naturally and hatchery-produced fish (Objective 1.), establishing facilities for captive culture of salmon and steelhead populations likely to become extirpated in the near future (Objective 1., Strategy 4.), establishing captive populations for stocks or populations likely to become extinct in the near-term future (Objective 1., Strategy 6.), preserving genetic diversity through gamete cryopreservation (Objective 1. Strategy 7.), using appropriate and proven supplementation techniques to restore and rebuild populations (Objective 2., Strategy 1.), implementing proven hatchery intervention where necessary and ecologically prudent to provide a safety net for selected populations at risk (Objective 2., Strategy 4.), and balancing 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 Redfish Lake Sockeye Salmon Captive Broodstock Program 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.  Redfish Lake Sockeye Salmon Captive Broodstock Program goals and objectives are aligned with this philosophy.  Program methods receive constant review at the SBSTOC level.  Cooperators strive to provide hatchery practices that meet Fish and Wildlife Program standards.  

FCRPS Biological Opinion – The Federal Columbia River Power System Biological Opinion 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” (NMFS 2000).  The FCRPS 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 Redfish Lake Sockeye Salmon Captive Broodstock Program.  Specifically, Objective 1., Tasks C. through N. of the captive broodstock 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 FCRPS 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 HGMP covering the sockeye salmon artificial production program is in its final stages of development.

Specific Actions in the FCRPS Biological Opinion that demonstrate logical connections with the sockeye program are contained in Section 9.6.4.3.  Action 175. calls for the development of safety net populations of at-risk salmon and steelhead.  While ongoing, the Redfish Lake Sockeye Salmon Captive Broodstock Program serves as an “intensely intrusive” example where the entire population of anadromous adults (since 1991) was taken into captivity.  Action 177. calls for BPA to begin to implement and sustain NMFS-approved, safety-net projects.  This action includes the provision to fund modifications to existing facilities.  This obligation will continue indefinitely, as circumstances warrant.

Other Plans and Guidelines – Goals and objectives of the Redfish Lake Sockeye Salmon Captive Broodstock Program 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. through 4. of the captive broodstock 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 1999b) cover a series of issues addressing both benefits and risks to populations.  Many of these standards are addressed by objectives identified in the Redfish Lake Sockeye Salmon Captive Broodstock Program.  These relationships will be identified in the final HGMP for captive broodstock program activities.

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.”  The Redfish Lake Sockeye Salmon Captive broodstock program is directly involved with the use of existing and emerging conservation hatchery technologies to develop captive broodstocks for conservation and restoration purposes.  

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 Redfish Lake Sockeye Salmon Captive Broodstock Program are critical components of the overall conceptual framework being developed in the Region.  

d. Relationships to other projects 
Snake River sockeye salmon recovery efforts are collaborative in nature and directly involve the Idaho Department of Fish and Game, the National Marine Fisheries Service, the Shoshone-Bannock Tribes, and the University of Idaho.  Component projects and relationships are described below.  All projects, with the exception of the System Wide-based University of Idaho program, reside in the Salmon Subbasin of the Mountain Snake Province.

National Marine Fisheries Service Redfish Lake Sockeye Salmon Captive Broodstock Rearing and Research (Project No. 199204000).  The National Marine Fisheries Service (NMFS) is maintaining captive broodstocks of ESA-listed endangered Redfish Lake sockeye salmon (Oncorhynchus nerka) to protect and enhance the population.  The NMFS project complements Idaho Department of Fish and Game Project No. 199107200 by sharing fish culture responsibilities and by reducing the risk of catastrophic loss of this valuable gene pool.  The NMFS rears fish full-term to adult in fresh well water, or from smolt to adult in pumped, filtered, and UV-sterilized seawater.  Spawning protocols are coordinated through the SBSTOC and are designed to maximize genetic diversity.  Pre-spawning adults, eyed eggs, and juveniles are returned to Idaho to aid recovery efforts.  

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 offspring from Pacific salmon stocks reared in captivity, and assesses some of the genetic consequences of captive broodstock programs. While basic fish husbandry techniques are well established and widely used for rearing juvenile salmonids from gametes collected from returning adults, and domesticated stocks of salmonids in the commercial aquaculture industry, numerous problems have persisted when rearing wild stocks of Pacific salmon in captivity throughout the life-cycle. These problems include poor survival of adults to spawning, poor quality gametes, and abnormal seasonal timing of spawning. The success of captive broodstock programs for stock restoration purposes is largely dependent on producing a high yield of offspring that do not differ substantially from the founder stock in genetics, behavior, appearance, or physiology. Solutions to the problems encountered by broodstock programs are needed to maximize the effectiveness of these programs as rehabilitative tools. In addition, the reproductive success of captively-reared fish must be evaluated to determine if release of captively-reared adults is a viable strategy. 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. Recently, this project initiated research directed at developing a better understanding of homing and imprinting in sockeye salmon.  Since the inception of this program in 1993, several tools have been developed that have brought direct benefit the Redfish Lake Sockeye Salmon Captive Broodstock Program.

Shoshone-Bannock Tribes Snake River Sockeye Salmon Habitat and Limnological Research (Project No. 199107100).  This ongoing project evaluates nursery lake habitat conditions encountered by juvenile sockeye salmon during their freshwater rearing phase.  Numerous physical and biological parameters are monitored in four Sawtooth Valley lakes.  Limnological data are used to develop estimates of  sockeye salmon carrying capacities for each lake.  Background kokanee biomass estimates are developed using hydroacoustic technology.  This information, along with limnological data, are evaluated prior to developing annual stocking recommendations for hatchery-produced sockeye salmon.  Final stocking recommendations are reviewed at the SBSTOC level.  To offset the present imbalance between introduced kokanee and reintroduced sockeye salmon, a whole lake fertilization effort was initiated in 1995.  Decisions to add nutrients to sockeye salmon nursery lakes are made annually and are based on limnological and kokanee biomass data.  In addition to the above, this project also shares monitoring and evaluation responsibility for hatchery-produced juvenile sockeye planted in Pettit and Alturas lakes and conducts intensive fish community investigations in Pettit lake to evaluate competition between hatchery rainbow trout and reintroduced sockeye salmon.    

University of Idaho Genetic Analysis of Oncorhynchus Nerka (Project No. 199009300).  This ongoing project is in place to: comprehensively identify the genetic structure of Redfish Lake O. nerka outmigrant-originating populations, provide long-term information about the genetic identity of returning anadromous sockeye as this run is restored, define the relatedness of populations of O. nerka in the Columbia Basin, and provide information to monitor the change or loss of genetic biodiversity among O. nerka populations throughout the Columbia Basin and in particular, endangered populations in Redfish Lake, Idaho.  The DNA methods used to examine sockeye populations have been widely used and can be compared directly with other ongoing or collateral genetic work. 
Idaho Department of Fish and Game Captive Rearing Project for Salmon River Chinook Salmon (Project No. 199700100).   Two artificial production programs addressing anadromous fish population conservation are currently occurring in the Salmon Subbasin: the Stanley Basin Sockeye Salmon Captive Brood Stock program and the Chinook Salmon Captive Rearing program.  While these programs represent the application of two different captive culture strategies, captive broodstock and captive rearing, they share resources at the IDFG Eagle Fish Hatchery.  The Captive Rearing Project for Salmon River Chinook Salmon is an ongoing project in place to develop captive rearing techniques for chinook salmon and to evaluate the success and utility of captive rearing for maintaining stock structure and a minimum number of adult spawners in three Salmon River tributaries. Success of the program is dependent on synchronous development of effective rearing technology and the evaluation of post-release adult chinook salmon behavior and spawning success.  Although both projects are managed individually, program responsibilities overlap and complement each other.

e. Project history (for ongoing projects) 

The IDFG initiated captive broodstock and research efforts in 1991.  Federal fiscal year 1992 was the first year this project received funding through the Fish and Wildlife Program.  Fish culture responsibilities are shared with NMFS at two Washington State locations.  Broodstocks have been established from wild anadromous adults (1991, 1992, 1993, 1994, 1996, and 1998), wild outmigrants (1991 - 1993, 1995), wild residual sockeye salmon (1992, 1993, 1995), hatchery-produced anadromous adults (1999, 2000), and F1 hatchery-produced adults (1994 – 2000).  Maturation in adult broodtsocks has occurred primarily at age 3.  Egg survival to eye has ranged from 0% to 99% (by individual female) with overall eye-up averaging approximately 62% (for anadromous and hatchery-produced females combined).  Survival of broodstocks in the hatchery has been excellent (approximately 80% from hatch to spawning).  

Through 2000, the IDFG and NMFS hatchery programs have produced in excess of 600,000 pre-smolts, 106,000 smolts, 600 adults, and 290,000 eyed-eggs for reintroduction to Stanley Basin lakes and tributary streams.  From this production, approximately 230,000 hatchery-produced, juvenile sockeye salmon have emigrated from Stanley Basin waters.  In 1999, the first hatchery-produced sockeye salmon returned to the Stanley Basin.  In that year, seven age 3 adults (six males and one female) returned to spawn.  In 2000, the program experienced its first significant return of hatchery-produced adults.  Two hundred fifty-seven sockeye salmon returned to collection facilities on Redfish Lake Creek and the upper Salmon River at the IDFG Sawtooth Fish Hatchery.  The majority of year 2000 adult returns were released to the system for natural spawning.  Project activities are summarized here by topic area to relate project findings to adaptive program changes.

Broodstock Development and Spawning.  

Broodstock development using wild, Redfish Lake sockeye salmon has included anadromous adults, residual adults, and outmigrating smolts.  Wild sockeye salmon represent the potential infusion of new genetic diversity into the breeding program.  Since 1991, all 16 wild, anadromous adults sockeye salmon that returned to the Stanley Basin have been incorporated into the breeding program.  Residual sockeye salmon adults were captured and used to develop broodstocks in 1992, 1993, and 1995.  Twenty-six residual sockeye salmon adults have contributed to the captive broodstock program.  Wild, outmigrating smolts from Redfish Lake were captured in 1991 – 1993, reared through maturation at the IDFG Eagle Fish Hatchery, and selectively incorporated in the breeding program.  During these collection years, 886 outmigrating smolts were captured and transferred to the Eagle Fish Hatchery.  Adaptively managed, the program generates hatchery-produced eggs, juveniles, and adults for supplementation to Stanley Basin waters. In addition, emphasis is placed on the annual development of genetically diverse broodstocks.

First generation progeny produced from wild and hatchery-produced parents represent the primary production component of the captive breeding program.  Cryopreserved milt from key program males is frequently incorporated in spawning designs to avoid inbreeding risk and to maximize genetic diversity in resultant progeny.  As stipulated by Federal ESA Permit No. 1120, IDFG spawning plans undergo review by NMFS Northwest Fisheries Science Center and University of Idaho research staff prior to being implemented.  Captive broodstock spawning protocols are presented in Section f.  A history of wild collections for the development of captive broodstocks is presented in Table 1.  

Table 1.  Redfish Lake Sockeye Salmon Captive Broodstock Program collection history for wild, Redfish Lake sockeye salmon.

Collection year
Anadromous adults
Residual adults
Smolts

1991
4 (3 male, 1 female)

759

1992
1 male
5 (4 male, 1 female)
79

1993
8 (6 male, 1 female)
18 (16 males, 2 females)
48

1994
1 female



1995

3 males


1996
1 female



1997




1998
1 male



1999




2000




Spawning has occurred in the sockeye salmon captive broodstock program since 1991.  Wild anadromous females were spawned in 1991, 1993, 1994, and 1996.  Egg survival to the eyed stage of development for wild female parents has averaged 76%.    Hatchery-produced adult sockeye salmon have been spawned yearly since 1994.  Egg survival to the eyed stage of development has been variable (39% to 73%) but has averaged 55%.  Summarized spawning results for the history of the program are presented in Table 2.

Table 2.  Eagle Fish Hatchery spawning results for wild anadromous, wild outmigrant,  wild residual, and hatchery-produced adult sockeye salmon.

Spawn Year
Female brood year and origin 
Total No. of green eggs taken
Total No. of eyed-eggs produced
Mean fecundity
Percent egg survival to eyed stage

1991
Wild anadromous 

(1 female)
2,177
1,978
2,177
91%








1992
Wild Residual (1)
36
36
-
100%








1993
Wild anadromous 

(2 females)
6,320
3,699
3,160
58%

1993
OM91 wild outmigrants
32,956
9,656
2,059
29%

1993
Wild residuals (2)
317
292
158
92%








1994
BY91 hatchery-produced
466,830
256,756
1,995
55%

1994
Wild anadromous 

(1 female)
2,896
2,780
2,896
96%








1995
BY92 hatchery-produced residuals 
3,289
1,349
1,644
41%

1995
OM92 wild outmigrants 
2,079
1,156
2,079
56%

1995
OM93 wild outmigrants
1,080
501
1,080
46%








1996
BY93 hatchery-produced 
180,000
109,000
2,118
61%

1996
Wild anadromous 

(1 female)
2,067
1,756
2,067
85%








1997
BY94 hatchery-produced 
253,673
152,760
2,205
60%








1998
BY96 hatchery-produced 
32,375
15,580
1,199
48%








1999
BY96 hatchery-produced anadromous 
1,469
1,370
1,469
93%

1999
BY96 hatchery-produced 
160,436
61,798
1,976
39%








2000
BY97 hatchery-produced 
377,550
214,298
2,924
57%

2000
BY96 hatchery-produced anadromous
44,151
32,022
2,772
73%

2000
BY98 hatchery-produced 
11,603
6,727
1,527
58%



Total
873,514



Cryopreservation of milt from male donors has been carried out in the Redfish Lake Sockeye Salmon Captive Broodstock Program since 1991 and follows techniques described by Cloud et al. (1990), and Wheeler and Thorgaard (1991).  Beginning in 1996, cryopreserved milt was used to produce specific lineage broodstocks for use in future spawn years.  “Designer broodstocks” produced in this manner helps maximize the genetic variability available in future spawn years.  

Milt from all wild anadromous sockeye salmon (16 males), wild outmigrants brought into the program between 1991 and 1993, residual sockeye salmon, and unique hatchery-produced adults has been cryopreserved.  Cryopreserved milt is archived at the Eagle Fish Hatchery, the University of Idaho, and Washington State University.  Currently, 1,489 0.5 ml straws of sockeye salmon milt representing 357 unique males is in storage at the Eagle Fish Hatchery.  A comparable number of 0.5 ml straws are stored at University of Idaho and Washington State University facilities.

Egg and Fish Reintroductions.

Since the inception of the program in 1991, the development of egg and fish reintroduction plans has followed a “spread-the-risk” philosophy incorporating several release strategies and multiple lakes.  Release strategies were developed by SBSTOC cooperators and reflect tested techniques applied in the commercial aquaculture field as well as in State, Provincial and Federal agency programs.  The program’s reintroduction history is summarized below by major release strategy.

Eyed-egg planting.  In 1995, the SBSTOC recommended that IDFG incorporate an eyed-egg planting strategy (and evaluation) into the annual program release design.  With subsequent NMFS approval through the Section 10 permit process, this strategy was first implemented in 1996.  Eggs destined for this release option are produced at the IDFG Eagle Fish Hatchery and the NMFS-operated Big Beef Creek Hatchery in Washington State.  A complete history of eyed-egg plants and estimated hatch results is presented in Table 3.

Table 3.  Redfish Lake Sockeye Salmon Captive Broodstock Program eyed-egg release history and estimated hatch results.

Release year
Release location
No. of eggs planted
Estimated hatch

1996
Redfish Lake
105,000
97%






1997
Redfish Lake
85,378
98%


Alturas Lake
20,389
72%






1999
Pettit Lake
20,311
74%






2000
Pettit Lake
65,200
79%


Total
296,278


Pre-smolt planting.  The first releases age 0, hatchery-produced juvenile sockeye to Stanley Basin lakes occurred in 1994.  Since that time, Redfish Lake has received pre-smolt plants in each year the program has operated.  Three pre-smolt release strategies have been employed in Redfish Lake: a mid-summer direct-lake release, a fall direct-lake release, and a fall release from a net pen environment.  In 1995 and 1997, Pettit and Alturas lakes were incorporated in annual release and evaluation activities.  Both lakes have received mid-summer and fall, direct-lake introductions of pre-smolts.  Pre-smolt release groups are generated from eggs produced at the IDFG Eagle Fish Hatchery and the NMFS-operated Big Beef Creek Hatchery.  Rearing through release takes place at the IDFG Eagle and Sawtooth fish hatcheries.  All fish are adipose fin-clipped and a portion PIT-tagged to facilitate over winter survival and out migration evaluations.  Organized by year, the following narrative reviews pre-smolt release results from the Redfish Lake Sockeye Salmon Captive Broodstock Program.

In 1994, two pre-smolt release strategies were used to plant 14,119 age 0 sockeye salmon in Redfish Lake.  Net pen and fall direct-lake release options received 11,130 and 2,989 pre-smolts, respectively.  All fish were produced in brood year 1993.

In 1995, 91,572 hatchery-produced pre-smolts (brood year 1994) were planted to Stanley Basin lakes.  Redfish Lake net pen, summer direct-lake, and fall direct-lake release strategies received 28,163, 27,179, and 27,703 fish, respectively.  In 1995, Pettit Lake received 8,527 summer direct-lake pre-smolts.

In 1996, 1,932 brood year 1995 pre-smolts were planted in Redfish Lake from net pens.

In 1997, 255,711 brood year 1996 pre-smolts were planted to Redfish, Alturas, and Pettit lakes over three release strategies.  Redfish Lake net pen, summer direct-lake, and fall direct-lake release strategies received 62,907, 21,036, and 68,379 pre-smolts, respectively.  Pettit Lake received 8,643 summer direct-lake pre-smolts and Alturas Lake received 22,250 summer direct-lake and 72,496 fall direct-lake pre-smolts, respectively. 

In 1998, 141,871 brood year 1997 pre-smolts were planted in Redfish, Alturas, and Pettit lakes over three release strategies.  Redfish Lake net pen and fall direct-lake strategies received 55,830 and 39,418 pre-smolts, respectively.  Pettit and Alturas lakes received 7,246 summer direct-lake and 39,377 fall direct-lake pre-smolts, respectively.

In 1999, Redfish, Pettit, and Alturas lakes received 23,886, 3,430, and 12,955 fall direct-lake pre-smolts, respectively.  All fish were produced in brood year 1998.

In 2000, Redfish Lake received 48,051 fall direct-lake pre-smolts.  Pettit and Alturas lakes received summer and fall direct-lake release groups.  Summer direct-lake releases included 6,007 and 5,986 pre-smolts to Pettit and Alturas lakes, respectively.  Fall direct-lake releases included 6,067 and 6,003 pre-smolts to Pettit and Alturas lakes, respectively.

The pre-smolt release results presented above are summarized in Table 4.

Table 4.  Redfish Lake Sockeye Salmon Captive Broodstock Program pre-smolt release results. 

Release Lake
Release Strategy
Release Date
Number Released
Number PIT-tagged
Mean Release Wt.

Redfish
Net pen
8/3/94
11,130
1,904
8.2 g

Redfish
Fall direct-lake
11/23/94
2,989
854
8.1 g








Redfish
Net pen
10/10/95
28,163
1,721
11.4 g

Redfish
Summer direct-lake
6/29/95
27,179
1,731
5.8 g

Redfish
Fall direct-lake
10/5,10/95
27,703
2,520
16.1 g

Pettit
Summer direct-lake
7/27/95
8,527
861
7.4 g








Redfish
Net pen
10/7/96
1,932
1,932
22.0 g








Redfish
Net pen
10/21/97
62,907
2,596
21.1 g

Redfish
Summer direct-lake
7/14/97
21,036
1,990
9.6 g

Redfish
Fall direct-lake
10/15/97
68,379
2,010
21.0 g

Pettit
Summer direct-lake
7/1/97
8,643
1,336
8.7 g

Alturas
Fall direct-lake
10/16/97
72,496
1,861
21.0 g

Alturas
Summer direct-lake
7/15/97
22,250
2,032
8.4 g








Redfish
Net pen
10/1/98
55,830
2,973
14.4 g

Redfish
Fall direct-release
10/14/98
39,418
1,206
10.6 g

Pettit
Summer direct-lake
7/15/98
7,246
1,501
9.8 g

Alturas
Fall direct-lake
10/14/98
39,377
1,246
10.3 g








Redfish
Fall direct-lake
10/6/99
23,886
1,560
9.7 g

Pettit
Fall direct-lake
10/6/99
3,430
2,009
10.4

Alturas
Fall direct-lake
10/6/99
12,955
1,559
10.8 g








Redfish
Fall direct-lake
10/11/00
48,051
-
10.8 g

Pettit
Summer direct-lake
7/31/00
6,007
-
2.9 g & 

8.5 g

Pettit
Fall direct-lake
10/11/00
6,067
-
13.9 g

Alturas
Summer direct-lake
7/31/00
5,986
-
2.9 g & 

8.5 g

Alturas
Fall direct-lake
10/11/00
6,003
-
12.8 g










Total
617,590



Smolt planting.  Hatchery-produced smolt releases were incorporated in the release design and evaluation in 1995.  To date, in excess of 106,000 smolts have been released to Stanley Basin waters.  Two release locations have been used: Redfish Lake Creek and the upper Salmon River.  Smolt release groups are generated from eggs produced at the IDFG Eagle Fish Hatchery and the NMFS-operated Big Beef Creek Hatchery.  Rearing through release takes place at the IDFG Eagle and Sawtooth fish hatcheries and Oregon Department of Fish and Wildlife’s Bonneville Fish Hatchery.  All fish are adipose fin-clipped and a portion PIT-tagged to facilitate over winter survival and out migration evaluations.  In addition, fish may receive additional fin marks or coded wire tags to facilitate adult return evaluations.

In 1995, 3,794 smolts were planted in Redfish Lake Creek immediately downstream of the monitoring weir.  All fish were produced in brood year 1993 at the IDFG Eagle Fish Hatchery.  Rearing through release occurred at the Eagle Fish Hatchery.

In 1996, 11,545 smolts were released in Redfish Lake Creek immediately downstream of the monitoring weir.  All fish were produced in brood year 1994 from spawning events that occurred at the NMFS-operated Big Beef Creek Hatchery in Washington State.  Rearing through release occurred at the Oregon Department of Wildlife’s Bonneville Fish Hatchery.  All fish were adipose fin and right ventral fin-clipped.  In addition, all fish received coded wire tags.

In 1998, a total of 81,615 brood year 1996 smolts were released to Redfish Lake Creek and the upper Salmon River.  The majority of fish (67,398) were produced from spawning events that occurred at the Big Beef Creek Hatchery.  Rearing through release for this group occurred at the Bonneville Fish Hatchery.  Approximately 24,365 and 43,033 fish from this group were released in Redfish Lake Creek and the upper Salmon River, respectively.  The remaining 14,217 smolts released in 1998 were produced from brood year 1996 spawn crosses that occurred at the Big Beef Creek Hatchery and the Eagle Fish Hatchery.  Rearing and release for this group occurred at the Sawtooth Fish Hatchery.  Approximately 999 and 13,218 fish from this group were released in Redfish Lake Creek and the upper Salmon River, respectively.

In 1999, 9,718 brood year 1997 smolts were released in Redfish Lake Creek and the upper Salmon River.  The release was equally split between release sites (4,859 fish release at each location).  Fish were produced from spawning events that occurred at the Big Beef Creek Hatchery and the Eagle Fish Hatchery.  Rearing through release occurred at the Sawtooth Fish Hatchery.

In 2000, 148 brood year 1998 Eagle Hatchery-reared smolts were released to Redfish Lake Creek downstream of the weir. 

Smolt release results for the Sockeye Captive Broodstock Program are presented in Table 5.

Table 5.  Redfish Lake Sockeye Salmon Captive Broodstock Program smolt release results. 

Release location
Date released
Number released
Number PIT-tagged
Mean release weight

Redfish Lake Creek
4/21/95
3,794
1,371
177.5 g







Redfish Lake Creek
5/2/96
11,545
1,990
50.0 g













Redfish Lake Creek
4/28, 5/4/98
37,583
2,000
26.5 g &

 63.5 g

Upper Salmon River
4/28, 5/4/98
44,032
1,999
26.5 g &

 63.5 g







Redfish Lake Creek
5/5/99
4,859
400
25.4 g

Upper Salmon River
5/4/99
4,859
400
25.4 g







Redfish Lake Creek
5/9/00
148
148
258 g








Total
106,820



Pre-spawn adult planting.  Pre-spawn adult sockeye salmon from the Redfish Lake Sockeye Salmon Captive Broodstock Program were first released to Stanley Basin waters in 1993.  Since that time, adult releases have occurred in 1994, 1996, 1997, 1999, and 2000.  For release years 1993, 1994, 1996, and 1997, all pre-spawn adults released for natural spawning were reared through release (full-term) at IDFG and NMFS hatcheries.  In 1999 and 2000, release groups consisted of full-term hatchery adults and hatchery-produced anadromous adults.  Prior to releasing adults for natural spawning, a sub-set of adults are fitted with ultrasonic or radio transmitters to facilitate tracking and spawning evaluations.

In 1993 and 1994, 20 and 65 maturing adults, respectively, were released to Redfish Lake to naturally spawn.  Telemetry observations identified only one incidence of spawning related behavior for the 1994 release group.  While no excavation sites were observed, one adult male and female were observed staging over suitable spawning habitat at the south end of Redfish Lake.  

In 1996, 120 maturing broodstock adults were released to Redfish Lake.  During the course of telemetry investigations, approximately 30 areas of excavation (suspected redds) were observed at the south-west end of Redfish Lake.  

In 1997, the adult release program was expanded to include Pettit and Alturas lakes.  In that year, 80, 20, and 20 adult sockeye salmon were released to Redfish, Pettit, and Alturas lakes, respectively.  Telemetry investigations identified suspected test digs in Alturas Lake and only one well developed redd in Pettit Lake.  However, approximately 30 well developed redds were once again observed at the south end of Redfish Lake.  

In 1999, 21 maturing adult sockeye salmon were released to Redfish Lake for natural spawning.  The 21 fish consisted of ten brood year 1996 females, eight brood year 1996 males and three brood year 1996 anadromous males that returned to the Sawtooth Fish Hatchery in 1999. All fish released were of hatchery origin.  Eighteen of the 21 adults were reared from hatch to adult release age at the Eagle Fish Hatchery.  The three anadromous males were released from the captive broodstock program in 1998 as yearling smolts.  Telemetry investigations identified approximately eight redds at the south end of Redfish Lake.

In 2000, maturing hatchery-produced anadromous adults and full-term hatchery-produced adult sockeye salmon were released to Redfish (120 anadromous and 46 hatchery), Pettit (28 anadromous) and Alturas (52 anadromous and 25 hatchery) lakes.  Prior to release, 19 male sockeye were implanted with radio transmitters (11 anadromous, 8 NMFS seawater-reared) to facilitate the identification of spawning site selection.  All hatchery- reared sockeye salmon were Floy-tagged prior to release.   Redfish Lake received eight radio-tagged adults (four anadromous and four hatchery-reared); Alturas Lake received seven radio-tagged adults (three anadromous and four hatchery-reared); and Pettit Lake received four radio-tagged anadromous adults.  

Redfish Lake telemetry investigations began on September 20 and continued weekly through October 31, 2000.  Fish locations were recorded at least weekly by boat tracking.  Radio-tagged sockeye salmon initially assembled as two unequal groups; one located at the north end of the lake and the other at the south end of the lake.  The majority of radio-tagged fish were located at the south end of the lake.  Early segregation was independent of life history (anadromous vs. hatchery-reared).  The first area of excavation (possible redd) was sighted at the south end of the lake opposite the United States Forest Service transfer camp dock on October 4 in the same vicinity where suspected redds were located in 1999.  Four of the eight radio transmitters were recovered during tracking events.  Two radio transmitters were recovered (1 anadromous, 1 hatchery-reared) without carcasses on the shore of Sockeye Beach.  One radio transmitter (hatchery-reared) was recovered near the mouth of Fishhook Creek (no carcass was associated with this transmitter).  One radio transmitter (anadromous) was recovered at the south end of the lake.  This transmitter was associated with the carcass of a male that appeared to have spawned.  Overall, we observed 10 to 15 areas of excavation at the south end of Redfish Lake and 10 to 14 areas of excavation on Sockeye Beach.  Observations made by fixed-wing aircraft on November 7 confirmed the location and number of excavations at the south end of the lake.  Confirmation of potential redds located at Sockeye Beach was less successful due to weather conditions that restricted visibility.  No additional areas of excavation were identified during the flight.

Alturas Lake telemetry investigations began on September 21 and continued weekly through October 30, 2000.  Fish locations were recorded at least weekly by boat tracking.  Initially, fish were assembled in two primary groups; one located near the inlet end of the lake and one located between the boat ramp and the outlet end of the lake.  By October 3, all radio-tagged sockeye salmon had congregated near the beach at the inlet end of the lake.  On October 12, one additional area of excavation was located on the northwest shore of the lake.  One radio-tagged fish was associated with this area of excavation.  For the remainder of the tracking period, radio-tagged sockeye salmon displayed strong site fidelity to inlet and northwest shoreline locations.  Transmitters from three of the seven tagged adults were recovered during tracking events.  One radio transmitter (anadromous) was recovered at the south end of the lake near the inlet beach.  This transmitter was associated with the carcass of a male that appeared to have completed spawning. One radio transmitter (anadromous) was recovered from the lakeshore at the outlet of Alturas Lake.  No carcass was associated with this transmitter.  One radio transmitter (hatchery-reared) was recovered on a sand bar approximately 80 m upstream of Alturas Lake in Alturas Lake Creek.  No carcass was associated with this transmitter.  Overall, an estimated 9 to 14 areas of excavation where identified along the inlet beach at the south end Alturas Lake.  Five additional areas of excavation were identified on the northwest shore of Alturas Lake between the boat ramp and the outlet.  

Telemetry investigations in Pettit Lake were initiated on September 20 and continued weekly through October 31, 2000.  Radio-tagged fish were located in various areas of the lake during the first three weeks of tracking.  Locations where adult sockeye salmon were identified included: the northwest corner of the lake, the south shore of the lake, and the west shore of the lake.  On 12 October, three of the four adults implanted with transmitters were located near the northwest corner of the lake (inlet end).  Radio-tagged fish remained in this area for the next three weeks until completion of tracking.  Only one radio transmitter (anadromous) was recovered from Pettit Lake.  This transmitter was associated with a partial carcass recovered on the northwest shoreline of the lake.  Due to the condition of the carcass, we were unable to assess whether this fish had successfully spawned.  While no areas of excavation were noted in Pettit Lake, we believe it is reasonable to assume that spawning occurred.  This assumption is based on the fact that we observed strong site fidelity in the Pettit Lake release group.  This behavior was similar to that observed for Redfish and Alturas lake release groups.  Additionally, we suspect that resident kokanee spawn on shoal gravel at a depth of approximately 9 m or greater.  As no historical information on sockeye spawning in Pettit Lake are available, we assume that released sockeye adults were selecting spawning gravel too deep to observe.  If spawning occurred, unmarked outmigrants should be captured at the smolt monitoring weir in 2002.

A summary of adult sockeye salmon release results is presented in Table 6.

Table 6.  Redfish Lake Sockeye Salmon Captive Broodstock Program pre-spawn adult release history and estimated redd construction results.. 

Release Lake
Rearing origin
Date released
Number released
Number of suspected redds observed

Redfish 
Full-term hatchery
1993
20








Redfish 
Full-term hatchery
1994
65
One behavioral observation







Redfish
Full-term hatchery
1996
120
30 suspected redds 







Redfish
Full-term hatchery
1997
80
30 suspected redds

Pettit
Full-term hatchery
1997
20
1 suspected redd

Alturas
Full-term hatchery
1997
20
Test digs only







Redfish
Full-term hatchery
1999
18
8 suspected redds


Hatchery-produced anadromous
1999
3








Redfish
Full-term hatchery
2000
46
20 to 30 suspected redds

Redfish
Hatchery-produced anadromous
2000
120


Pettit
Full-term hatchery
2000
0
Redds suspected but not visible

Pettit
Hatchery-produced anadromous
2000
28


Alturas
Full-term hatchery
2000
25
14 to 19 suspected redds

Alturas
Hatchery-produced anadromous
2000
52










Total
617


Juvenile Outmigrant.  Juvenile outmigration monitoring is conducted annually to estimate over winter survival and out migration success for sockeye salmon reintroduced to Redfish, Alturas, and Pettit lakes as pre-smolts.  The IDFG maintains and operates the juvenile outmigration monitoring facility on the outlet of Redfish Lake.  Trapping history and results for the Redfish Lake Creek site are presented below.  Alturas and Pettit lake monitoring efforts are the responsibility of the Shoshone-Bannock Tribes (Project No. 199107100).  Specific information related to outmigration history at these sites should be presented in their BPA submittal.  However, to facilitate a complete understanding of outmigration results, Pettit and Alturas information are presented below and summarized in Table 7.  For perspective, Table 7 summarizes pre-smolt, smolt, pre-spawn adult, and eyed-egg supplementation efforts.  The relative contribution of all release options is presented in this table

Table 7.  Redfish Lake Sockeye Salmon Captive Broodstock Program egg and fish reintroduction history and corresponding estimated outmigration results by year. 

REDFISH LAKE

Year


No. of pre-smolts planted
Estimated pre-smolt out-migration
No. of smolts  planted
No. of pre-spawn adults planted
No. of eyed-eggs planted
Estimated unmarked out-migration
Total estimated out-migration

1993



20

569
569

1994
14,119


65

1,820
1,820

1995
83,045
823
3,794


357
4,974

1996
1,932
12,075
11,545
120
105,000
923
24,543

1997
152,322
401

80
85,378
304
705

1998
95,248
28,435
81,615


2,799
112,849

1999
23,886
22,425
9,718
21

1,936
34,079

2000
48,051
7,055
148
166

302
7,505

Totals
418,603
71,214
106,820
472
190,378
9,010
187,044










ALTURAS LAKE

Year


No. of pre-smolts planted
Estimated pre-smolt out-migration
No. of smolts  planted
No. of pre-spawn adults planted
No. of eyed-eggs planted
Estimated unmarked out-migration
Total estimated out-migration

1993








1994








1995








1996








1997
94,746


20
20,389



1998
39,377
30,000




30,000

1999
12,955
12,000



1,000
13,000

2000
11,989
4,300

77


4,300

Totals
159,067
46,300

97
20,389
1,000
47,300










PETTIT LAKE

Year


No. of pre-smolts planted
Estimated pre-smolt out-migration
No. of smolts  planted
No. of pre-spawn adults planted
No. of eyed-eggs planted
Estimated unmarked out-migration
Total estimated out-migration

1993








1994








1995
8,527







1996

3,200




3,200

1997
8,643


20




1998
7,246
400




400

1999
3,430
2,800


20,311

2,800

2000
12,074
1,600

28
65,200

1,600

Totals
39,920
8,000

48
85,511

8,000










ALL LAKES COMBINED

Year


No. of pre-smolts planted
Estimated pre-smolt out-migration
No. of smolts  planted
No. of pre-spawn adults planted
No. of eyed-eggs planted
Estimated unmarked out-migration
Total estimated out-migration

1993



20

569
569

1994
14,119


65

1,820
1,820

1995
91,572
823
3,794


357
4,974

1996
1,932
15,275
11,545
120
105,000
923
27,743

1997
255,711
401

120
105,767
304
705

1998
141,871
58,835
81,615


2,799
143,249

1999
40,271
37,225
9,718
21
20,311
2,936
49,879

2000
72,114
12,955
148
271
65,200
302
13,405

Totals
617,590
125,514
106,820
617
296,278
10,010
242,344

Both unclipped and fin-clipped sockeye salmon smolts emigrate from Redfish Lake.  As no wild, anadromous adults have spawned in Redfish Lake since 1989, unmarked smolts emigrating from Redfish Lake after 1992 are presumably the product of residual sockeye salmon spawning events (note: the possibility that unmarked emigrants are the progeny of introduced kokanee was discounted early on following the completion of several years of genetics research by the University of Idaho and NMFS).  This remained true until unmarked progeny from pre-spawn adult and eyed-egg release options employed by this project started to emigrate from Redfish Lake.  As mentioned above, pre-spawn adults were first planted in Redfish Lake in 1993.  However, successful redd construction was not observed until 1996.  Age 1 smolts produced from 1996 spawning events would have emigrated from Redfish Lake in 1998.  Eyed-eggs were first planted in Redfish Lake in 1996.  Smolts produced from this release strategy would have out-migrated in 1998 as well.  Therefore, the proportion of unmarked smolts observed for outmigration years 1993 through 1997 was not influenced by pre-spawn adult or eyed-egg release options.  

During the period of time when wild smolt outmigration was not influenced by the hatchery program, emigration ranged from a high of 4,500 fish in 1991 to a low of 304 smolts in 1997.  In 1998 and 1999, unmarked smolt outmigration was estimated at approximately 2,800 and 1,900 fish, respectively.  For age 1 smolts, these two outmigration years correspond to captive broodstock program spawn years 1996 and 1997; two years where pre-spawn adult and eyed-egg releases were employed.  Considering the observed downward trend in wild outmigration numbers between 1993 and 1997, the increase observed in 1998 and 1999 is most likely attributable to eyed-egg and pre-spawn release strategies.  This supposition is reinforced by the fact that the number of unmarked smolts fell off drastically in outmigration 2000 (approximately 300 outmigrants estimated).  Age 1, unmarked outmigrants in 2000 would have been the product of 1998 residual spawning events or pre-spawn adult release or eyed-egg program strategies employed in 1998.  In that year, the program did not utilize eyed-egg or pre-spawn adult release strategies.  As such, we believe it is fair to assume that Redfish Lake Sockeye Salmon Captive Broodstock Program eyed-egg and pre-spawn adult release options contributed to 1998 and 1999 outmigration years.

Marked, hatchery-produced smolts first out-migrated from Redfish Lake in 1995.  In that year, we estimated that 823 hatchery smolts out-migrated past the juvenile trapping facility on Redfish Lake Creek (5.8% of number supplemented in 1994).  The majority of these fish were produced from the net pen option employed in 1994.  In addition to outmigration resulting from 1994 pre-smolt introductions, 3,794 age 1 hatchery-produced smolts (released in Redfish Lake Creek downstream of the monitoring weir) contributed to the 1995 outmigration.  Overall, we estimated that 4,617 sockeye salmon smolts out-migrated from Redfish Lake in 1995. 

In 1996, Redfish Lake outmigrant run size was estimated at 923 unmarked and 12,075 hatchery-produced smolts.  Over winter survival and outmigration success for age 1 outmigrants planted over three pre-smolt release options in 1995 averaged 14.5%.  Based on PIT-tag interrogations, the 1995 fall direct-lake release group out-migrated significantly better than net pen or summer direct-lake release groups.  In May of 1996, 11,545 yearling smolts were released directly to Redfish Lake Creek.  Therefore, the total 1996 estimated outmigration for Redfish Lake was 24,543 fish.  In 1996, an estimated 3,200 hatchery-produced smolts emigrated from Pettit Lake.   

In 1997, unmarked and hatchery-produced outmigration was estimated at 304 and 401 fish, respectively.  All hatchery-produced outmigrants originated from one 1996 net pen release.  Over winter survival and outmigration success for age 1 hatchery-produced smolts averaged 20.7% of the number introduced to the lake in 1996.  As no pre-smolts were planted in Pettit Lake in 1996, no 1997 outmigration was detected.  In addition, no yearling smolts were planted to outlet streams in 1997.  

In 1998, an estimated 2,799 unmarked and 28,435 hatchery-produced fish emigrated from Redfish Lake.  As mentioned above, the majority of unmarked production was most likely attributed to eyed-egg and pre-spawn adult releases that occurred in 1996.  The hatchery-produced smolt estimate represents 18.6% of the number of pre-smolts introduced in 1997 over three release strategies.  As was true in 1996, fall direct-lake fish out-migrated significantly better than net pen or summer direct-lake release groups.  In 1998, the Shosone-Bannock Tribes estimated that approximately 30,000 hatchery-produced smolts emigrated from Alturas Lake.  This number represents approximately 31.7% of the number introduced in 1997 as pre-smolts.  Fall direct-lake outmigrants survived winter and out-migrated significantly better than summer direct-lake outmigrants.  Pettit Lake smolt outmigration was estimated at approximately 400 fish (4.6% of number supplemented in 1997).  Yearling smolt reintroductions to Stanley Basin waters totaled 81,615 fish bringing the total 1998 estimated outmigration to approximately 143,000 smolts.

In 1999 Redfish Lake outmigrant run size was estimated at 1,936 unmarked and 22,425 hatchery-produced fish (17,555 fall direct-lake and 4,870 net pen fish).  The estimated number of hatchery emigrants represents 23.5% of the number of pre-smolts planted in 1998.  As was the case in previous years, fall direct-lake fish over wintered and out-migrated significantly better than summer direct-lake release fish.  The Shoshone-Bannock Tribes estimated that approximately 12,000 and 2,800 hatchery-produced smolts out-migrated from Alturas and Pettit lakes, respectively, in 1999.  These numbers represent 30.5% and 38.9% of the original number of pre-smolts planted in these lakes in 1998.  In addition, an estimated 1,000 unmarked smolts emigrated from Alturas Lake in 1999.  Unmarked production is presumably associated with eyed-egg and pre-spawn adult released conducted in 1997.  Combined with a 1999 smolt release of 9,718 fish from the hatchery program, total Stanley Basin smolt outmigration in 1999 was estimated at 49,879 fish.

In 2000, Redfish Lake outmigrant run size was estimated at 302 unmarked and 7,055 hatchery-produced fish.  The hatchery-produced emigration estimate represents 29.2% of the number of pre-smolts planted in Redfish Lake in 1999.  All Redfish Lake outmigrants were produced from a fall direct-lake release strategy.  In 1999, the Shoshone-Bannock Tribes estimated that 4,300 and 1,600 hatchery-produced smolts out-migrated from Alturas and Pettit lakes, respectively.  Outmigration estimates for Alturas and Pettit lakes represent 33.2% and 46.6% of the number of pre-smolts supplemented to these lakes in 1999.  Total Stanley Basin smolt outmigration for 2000 was estimated at 13,257 fish.

Natural production options (eyed-egg releases and pre-spawn adult releases) appear viable and are likely contributing to the success of the program.  Eyed-eggs released to incubation boxes in Redfish and Alturas lakes hatch successfully and produce viable fry.  Pre-spawn adults released for volitional spawning to Redfish, Alturas, and Pettit lakes select spawn sites, pair, and appear to build successful redds.  In 1998, the number of unmarked outmigrants from Redfish Lake (presumably the result of egg and pre-spawn adult plants) increased by approximately 500% over the mean number observed leaving the lake between 1995 and 1997.  In 2000, 10 hatchery-produced adults produced by these strategies returned to the program.  The SBSTOC believes that natural production options are valuable and provide a level of natural selection and behavioral conditioning that pre-smolt and smolt release option may not offer.  When eggs and adults are available, these options will continue to be incorporated into yearly supplementation plans. 

Of the three pre-smolt release options used to date (summer direct-lake, fall direct-lake and fall release from net pens), the direct summer option has been the least successful (all lakes).  Over winter survival and outmigration success for Redfish Lake fall direct-lake release groups has been consistently better than what has been observed for summer direct-lake and net pen release groups.  In addition, Alturas and Pettit lake outmigrants produced from fall direct-lake release groups have performed consistently well.  These results are now shaping the development of annual release plans for the captive broodstock program.  While summer direct-lake releases have not been entirely abandoned, emphasis is being placed on fall pre-smolt releases.  At the same time, an effort is being made to examine why summer pre-smolt releases were less successful.  The IDFG and Shoshone-Bannock Tribes are working collaboratively with University of Idaho researchers to build a baseline of fish condition information for different stages in the life history of hatchery-produced sockeye salmon (e.g., at planting and outmigration).  Body fat, water content, and mineral levels are being investigated.  Early findings indicate that differences in percent dry-weight body fat exist between outmigrants originating from different release strategies.  In addition, the hatchery location where fish were reared (e.g., Eagle or Sawtooth Fish Hatcheries) appears to influence body fat levels as well.  These investigations are ongoing.  Results from proximate body analyses will provide additional information useful to the development of program rearing protocols and release strategies.

Smolt releases are responsible for generating the greatest number of juvenile detections through the migration corridor (comparatively speaking).  In other words, smolt releases are more successful when it comes to getting the greatest number of juveniles downstream in relation to the number of fish released by strategy.  However, the program’s technical oversight committee has been reluctant to over prioritize this option to the point where it creates an imbalance in the program’s “spread-the-risk” planting philosophy.  The concern remains that sockeye salmon released as smolts might not have the same opportunity to imprint as fish produced from natural options (eyed-egg and pre-spawn adult plants) or released to lakes as pre-smolts.  Accordingly, fish released as smolts might not have the same ability to home and return to spawning waters in Idaho.  However, the fact remains that 72% of the 264 hatchery-produced anadromous adults that have returned to the program were produced by smolt release strategies.  To address this and other related issues, the technical oversight committee played an instrumental role in describing the need for imprinting research to assist regional captive broodstock efforts.  Following three years of discussion, this work has become an integral component of the captive broodstock technology assessment work being conducted by NMFS (Project No. 199305600).  

Adult returns to the program.  The ability to associate release strategies with hatchery-produced adults that return successfully to Idaho remains an important component of the program’s evaluation efforts.  To date, using unique fin clips, coded wire tags, and PIT tags, we have been successful in meeting this objective (Objective 2. Task C.)  

The first hatchery-produced adults returned to Idaho in 1999.  Six age-3 jacks were captured on 12, 16, 20, 21, 25, 31 August and a single age-3 jill was captured on 3 September.  All sockeye salmon captured were marked with adipose and left ventral fin clips.  Four of the anadromous males and the single female all contained coded wire tags.  All returning adults originated from a hatchery release of smolts to the upper Salmon River and to Redfish Lake Creek on April 28 and May 4, 1998.  Fish were produced from spawn crosses performed at the Big Beef Creek Hatchery.  Eyed-eggs were transferred to the Oregon Department of Fish and Wildlife Bonneville Fish Hatchery for hatch and rearing to release age.  

In 2000, 257 anadromous sockeye salmon returned to the Sawtooth Basin.  Traps on Redfish Lake Creek and the upper Salmon River at the Sawtooth Fish Hatchery intercepted 119 and 124 adults, respectively.  Additionally, 14 adult sockeye salmon were observed immediately downstream of the Sawtooth Fish Hatchery trap but were not handled.  Fish were captured between July 22, and September 15, 2000.  Returning adult sockeye salmon originated from a variety of release options including: 1) 1996 pre-spawn adult and eyed-egg releases in Redfish Lake, 2) 1997 pre-smolt releases in Redfish, Alturas, and Pettit lakes, and 3) 1998 smolt releases in Redfish Lake Creek and the upper Salmon River.  The 1998 smolt release consisted of fish reared at the Sawtooth Fish Hatchery and at the Bonneville Fish Hatchery.  With the exception of outmigrants originating from pre-spawn adult and eyed-egg releases, all juveniles released in 1997 and 1998 were adipose fin-clipped.  A portion of fish released as pre-smolts and smolts were also PIT-tagged.  Additionally, fish released as smolts and reared at the Bonneville Fish Hatchery were left ventral fin-clipped and coded wire-tagged.  One hundred-ninety of the 243 fish handled and examined in 2000 were produced from spawn crosses performed at the Big Beef Creek Hatchery.  Eyed-eggs were transferred to the Oregon Department of Fish and Wildlife Bonneville Fish Hatchery for hatch and rearing to release age.  Fish were released to Redfish Lake Creek and the upper Salmon River as smolts in 1998.

O. nerka Population Investigations.  Fishery and habitat investigations conducted by the Shoshone-Bannock Tribes (BPA Project 199107100) and midwater trawl-based O. nerka population estimates developed by IDFG sockeye program research biologists form the foundation for the development of annual supplementation plans.  IDFG trawl surveys of Stanley Basin lakes have been conducted since 1990.  

Redfish Lake O. nerka abundance exhibits the least amount of fluctuation of the three lakes studied yearly since 1990.  In 1999 the estimate of abundance was slightly lower than the average (45,899) for the nine years of study, well below the high of 61,646 (1995) and above the low of 24,431 (1990).  Although Redfish Lake has the largest surface area of the three lakes studied, kokanee abundance is limited by availability of spawning habitat.  (Redfish Lake kokanee are stream spawners.)  A limited reach of Fishhook Creek is the only accessible spawning area for kokanee in the lake.  Density estimates for O. nerka mimic the pattern of abundance, but the biomass estimate for 1999 is the lowest value recorded since 1990.  The low biomass estimate reflects the dominant presence (over 50%) of age-0 fish in the trawl.

Abundance of O. nerka in Alturas Lake is highly variable.  The population has exhibited variation from a high of over 120,000 fish (1990) to a low of less than 6,000 fish (1994).  The 1999 estimate is only slightly higher than the ten-year average (52,202) and is down slightly from the 1998 estimate.  Abundance of O. nerka in Alturas Lake is not limited by spawning habitat, which could explain the drastic population variability seen over the last ten years.  Density again mimics the pattern of abundance, but the biomass estimate is as low as the lowest value recorded in the last ten years.  Again, this was due to the dominance of age-0 fish (88%) in the trawl.  If Alturas Lake is entering a boom or crash cycle, the abundance is so close to the ten-year average that it is unlikely to approach the historical high or a low extreme in the next year.  

Historically, O. nerka abundance in Pettit Lake has been subject to the widest relative fluctuations of all three lakes studied yearly.  Peak abundance of 71,654 fish (1996) is over 23 times the low value recorded in 1992 (3,009) fish.  The 1999 abundance was only slightly higher than the eight-year average of 29,966 fish.  Pettit Lake O. nerka exhibit the highest densities and biomass observed in the three lakes.  If past trends continue, O. nerka abundance will continue to increase as it has since 1997 (at least through 2000 and possibly beyond).  Estimated O. nerka biomass for 1999 was slightly lower than in 1998.  However, the 1999 estimate of biomass was well above the lowest values recorded during the past eight years of investigation.
Environmental Life History Investigations.  Using otolith microchemistry, IDFG has conducted parental lineage investigations to discriminate individual fish from female parents with known and unknown life history since 1991.  Using this methodology, kokanee and Redfish Lake residual sockeye salmon have been directly linked to fresh water female parents.  In addition, we have demonstrated that Redfish Lake residual sockeye salmon can be fostered by anadromous female parents.  Microchemistry analyses of otoliths form Redfish Lake anadromous sockeye salmon have shown that 3 of the 16 adult sockeye that returned since 1991 were produced by fresh water, residual female parents.  In conjunction with genetic analyses of outmigrant sockeye incorporated into the program between 1991 and 1993, otolith microchemistry was used to help discern known anadromous outmigrants from resident kokanee drop-outs.

Redfish Lake Kokanee Management.  The Redfish Lake kokanee fishery was closed to harvest in 1993 to protect residual sockeye salmon.  In 1995, IDFG (with NMFS authorization) re-opened the kokanee sport fishery (recommended by the SBSTOC), as a tool to reduce intra-specific competition with resident kokanee.  IDFG has monitored the fishery since its’ re-opening.  To date, anglers have harvested an estimated 4,232 kokanee.  This represents approximately 11% of the total, potential kokanee spawning escapement to Fishhook Creek; the sole kokanee spawning tributary.  The kokanee fishery impact on residual sockeye salmon has been negligible.  To date, only one putative residual sockeye salmon has been harvested.
Project budget history.  

The project number has remained unchanged (199107200)

Fiscal Year 1992
$529,673

Fiscal Year 1993
$663,485

Fiscal Year 1994
$744,088

Fiscal Year 1995
$654,899

Fiscal Year 1996
$618,447

Fiscal Year 1997
$618,447

Fiscal Year 1998
$700,000

Fiscal Year 1999
$680,097

Fiscal Year 2000
$680,096

Fiscal Year 2001
$714,102

Project reporting. Annually, the IDFG Redfish Lake Sockeye Salmon Captive Broodstock Program produces reports to satisfy Section 10 requirements of the ESA and contract requirements of the Bonneville Power Administration.  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

Section 10 permit reporst for Permit Nos. 1120, 1124, and 1233 for years 1991 through 2000 are on file.
Bonneville Power Administration reports are available through the BPA Library or on the BPA website (http://www.efw.bpa.gov/cgi-bin/FW/publications.cgi).  The following reports have been produced:

Hebdon, J.L., Elmer, M., and P. Kline.  2000.  Snake River sockeye salmon captive broodstock program research element.  Annual Progress Report January 1, 1999 – December 31, 1999.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.  Project No. 91-72, Contract No. 00000167-00001.

Johnson, K.  1993.  Research and recovery of Snake River sockeye salmon.  Idaho Department of Fish and Game.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.  Project No. 91-72, Contract No. DE-B179-91BP21065.

Johnson, K.  1994.  Research and recovery of Snake River sockeye salmon.  Idaho Department of Fish and Game.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.  Project No. 91-72, Contract No. DE-B179-91BP21065.

Johnson, K. and J. Pravecek.  1996.  Research and recovery of Snake River sockeye salmon.  Idaho Department of Fish and Game.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.   Project No. 91-72, DE-B179-91BP21065.

Kline, P.A.  1994.  Research and recovery of Snake River sockeye salmon.  Idaho Department of Fish and Game.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.  Project No. 91-72, Contract No. DE-BI79-91BP21065.

Kline, P.A., and J. Younk.  1995.  Research and recovery of Snake River sockeye salmon.  Idaho Department of Fish and Game.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.   No. 91-72, DE-BI79-91BP21065.

Kline, P.A., and J.A. Lamansky.  1997.  Research and recovery of Snake River sockeye salmon.  Idaho Department of Fish and Game.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.   No. 91-72, DE-BI79-91BP21065.

Kline, P.A., and J.A. Heindel.  1999.  Snake River sockeye salmon captive broodstock program hatchery element.  Annual Progress Report January 1, 1998 – December 31, 1998.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife.  Project No. 91-72, Contract No. 00000167-00001.

Pravecek, J.J. and K.A. Johnson.  1997.  Research and recovery of Snake River sockeye salmon.  Idaho Department of Fish and Game.  Annual Report to U.S. DOE, Bonneville Power Administration, Division of Fish and Wildlife. No. 91-72, DE-B179-91BP21065.
Technical oversight. When this project was initiated, freshwater culture of sockeye salmon through maturation was a relatively new field. Because of this, the Stanley Basin Sockeye Technical Oversight Committee was organized to provide a forum of peer review and discussion of all activities and propagation protocols associated with this program.  Participants in the technical committee process include Idaho Department of Fish and Game, Bonneville Power Administration, National Marine Fisheries Service,  Shoshone-Bannock Tribes,  and the University of Idaho. 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
Objective 1. Develop captive broodstocks from Redfish Lake anadromous sockeye salmon. Culture broodstocks.  This objective (and tasks) encompasses the development of captive broodstocks of Snake River sockeye salmon and the production of eggs and fish for reintroduction to Stanley Basin waters.  Actions associated with this objective will benefit and enhance the survival of the listed natural population.  Every effort is made to maintain the existing genetic diversity of the natural population through the development of prudent spawning designs and the use of cryopreserved milt.  Reintroduction efforts are in place to increase population abundance.  Strategies used to reintroduce progeny produced in the program are monitored and evaluated to determine relative success (see Objective 2.).
Objective 1.  Task A.  Maintain facilities to produce sockeye salmon captive broodstocks.  Task A. addresses the required maintenance, repair, and replacement of facility and fish culture equipment to insure that Objective 1. is met.  Permanent and temporary staff share grounds/building maintenance and repair responsibilities to insure that fish culture activities are carried-out without unnecessary risk to captive populations of sockeye salmon.  Grounds work includes the maintenance of facility landscaping, roads and asphalt, and irrigation systems.  Building maintenance and repair covers 12 primary structures including three residences, the hatchery office, the incubation building, one visitors center, three storage buildings, one maintenance facility, and two fish rearing locations.  Specific tasks include interior and exterior painting, exterior re-siding, fixture repair and replacement, utlity repair, re-carpeting, re-roofing, etc.  As many of the structures at the Eagle Fish Hatchery were constructed in the 1930’s and 1940’s, maintenance, repair, and upgrade projects are always ongoing.  Specific hatchery equipment associated with the maintenance and life support of captive broodstocks includes two primary well fields (five wells), two degassing towers, six pumps that operate 24 h/d, three back-up generators, two water chilling systems, eight alarm security sensors, eight primary water deliver systems, and 129 individually valved rearing tanks.  Routine maintenance on hatchery life support equipment includes the rebuilding of valves on primary and secondary water delivery lines, well pump and motor rebuilding, generator service, and chiller compressor service, and chiller heat exchange system service.  Less routine responsibilities include the unanticipated replacement of failed equipment.  Over the last two Federal fiscal years (2000 and 2001), two 50 hp chiller compressor motors, two 50 hp submersible well motors and pumps, one back-up generator, and one variable frequency drive well motor control panel have been replaced.  
Objective 1.  Task B.  Modify facilities (hatchery building well field) to meet water demands and life support system safety requirements.  Task B. addresses the need to rebuild plumbing and pump systems associated 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 sockeye 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 incubating and rearing conditions and potentially reduce the rate of precocial male maturation in captive rearing groups, increase maturation success, and increase gamete quality and egg survival to the eyed-stage of development.  This task is consistent with language contained in Action 177 of the FCRPS Biological Opinion.  This task should be completed in Fiscal Year 2002.  Cost sharing is anticipated from the IDFG Captive Rearing Project for Salmon River Chinook Salmon (Project No. 199700100).

Objective 1.  Tasks C - P. Use existing and emerging conservation hatchery technologies to develop, culture, and maintain sockeye salmon captive broodstocks.  Trap returning anadromous adults, juvenile outmigrants, and residual sockeye salmon to initiate broodstocks. Collect samples for genetic analysis from all wild and hatchery-produced sockeye salmon.  Incorporate wild and hatchery-produced fish in the captive breeding design.  Establish spawning matrices in consultation with NMFS and U of I.  Spawn captive adults using a factorial design that follows the approved spawning plan, maintain genetic diversity.  Produce genetically defined progeny for use in multiple release strategies to Stanley Basin lakes.  Produce genetically defined progeny to meet future broodstock spawning needs, divide eggs between IDFG and NMFS hatcheries.  Produce “designer broodstocks” using cryopreserved milt to maximize genetic diversity.  Cryopreserve milt from specific wild and hatchery-produced males.  Conduct fertilization trials using cryopreserved milt.  Maintain cryopreserved archives at three locations.  Monitor and adaptively manage hatchery outcomes related to fish survival, maturation rates, age-at-maturity, sex ratio, diet, and gamete quality.  Evaluate and adaptively manage time held on chilled water in relation to gamete quality, fertilization rates, and anomalies in broodstock progeny.   Fish culture methods and protocols used in the captive broodstock program follow accepted, standard practices (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).  Considerable coordination takes place between NMFS and IDFG culture experts and at the SBSTOC level.  Fish sample counts are conducted as needed to ensure that actual growth tracks with projected growth.  In general, fish are handled as little as possible.  Age 0 through age 2 sockeye salmon rearing densities are maintained at levels not to exceed 8 kg/m3.  Age 3 and age 4 rearing densities are maintained at levels not to exceed 14 kg/ m3.  Rearing tanks are managed for a minimum of 1 ½ water exchanges per hour.  All water use is single pass.  Incubation and rearing water temperature is maintained between 10.0ºC and 13.5ºC.  Chilled water (9.0ºC to 11.0ºC) may be used during incubation and early rearing to even-out development and growth differences that may result from a protracted spawning period.  Sockeye salmon greater than age 1 are generally maintained on chilled water through maturation.  Rearing water temperature varies as a function of demand but is generally maintained between 10.0ºC and 12.0ºC.

Fish are fed a commercial diet produced by Bio-Oregon (Warrenton, Oregon) or Moore-Clark (Bellingham, Washington).  Rations are weighed daily and follow suggested feeding rates provided by the manufacturer(s).  Bio-Oregon developed a custom broodstock diet that includes elevated levels of vitamins, minerals, and pigments.  Palatability and levels of natural pigments are enhanced by the addition of natural flavors from fish and krill.  Through approximately 100 g weight, fish receive a standard Bio-Oregon semi-moist formulation or Moore-Clark dry diet.  Beyond 100 g weight, fish receive the Moore-Clark salmon broodstock diet or the Bio-Oregon custom broodstock diet.  
Spawning has occurred at Eagle Fish Hatchery each year since the inception of the program in 1991 (Johnson 1993; Johnson 1994; Johnson and Pravecek 1996; Pravecek and Johnson 1997; Kline and Heindel 1998).  The IDFG is required by NMFS Permit No. 1120 to discuss proposed broodstock spawning matrices with NMFS Conservation  Biology Division and Resource Enhancement and Utilization Technologies Division staff prior to implementation.  In addition, proposed spawning plans are reviewed at the SBSTOC level.  Sockeye salmon spawning follows accepted, standard practices as described by McDaniel et al. (1994) and Erdahl (1994).  Timing of spermiation and ovulation is judged during routine sorting procedures.  Females judged “ready” for spawning on any spawn date are separated from the general population.  The family origin (lineage) of ovulating females is identified by PIT tag code.  Based on the approved spawning design, appropriate, spermiating males are located and isolated in separate holding ponds.  Generally, eggs produced at spawning are divided into three lots (by female) and fertilized with sperm from three males (factorial design) to produce three unique subfamilies.  Sperm motility is periodically checked.  Male contribution is subsequently equalized as each male is used to fertilize eggs from three different females (on average).  Eggs are incubated by subfamily to produce lineage-specific groups for reintroduction under different strategies and to produce fish to meet future broodstock needs.  Hatchery outcomes from annual spawning events are summarized at the sub-family level, evaluated, and discussed at the SBSTOC level.  Variables routinely evaluated include maturation rate, fecundity, gamete quality, egg size, sperm motility, egg survival to the eyed stage of development, and proportion of anomalies in resultant fry.  Adaptively managed, program spawning protocols are adjusted to maximize program success.
Cryopreservation of milt from male donors has been used in the Redfish Lake Sockeye Salmon Captive Broodstock Program since 1991 and follows techniques described by Cloud et al. (1990) and Wheeler and Thorgaard (1991).  Beginning in 1996, cryopreserved milt was used to produce specific lineage broodstocks for use in future spawn years.  “Designer broodstocks”, produced in this manner, will increase the genetic variability available in future brood years.  Periodically, fertilization trials are conducted to check the efficacy of cryopreserved milt (note: fresh milt from kokanee and cryopreserved sockeye salmon milt are used to fertilize common kokanee egg lots).  

The Eagle Fish Health Laboratory, operated by IDFG, process samples for diagnostic and inspection purposes from captive broodstock sockeye salmon, production sockeye salmon, and anadromous sockeye salmon.  Routine fish necropsies include investigations for viral pathogens (infectious pancreatic necrosis virus and infectious hematopoietic necrosis virus), and various bacterial pathogens (e.g., bacterial kidney disease Renibacterium salmoninarium, bacterial gill disease Flavobacterium branchiophilum, coldwater disease Flavobacterium psychrophilum, and motile aeromonad septicemia Aeromonas spp.).   In addition to the above, anadromous adult sockeye salmon are screened for the causative agent of whirling disease Myxobolus cerebralis, furunculus Aeromonas salmonicida and the North American strain of viral hemorrhagic septicemia virus.  All laboratory diagnostic and inspection procedures follow protocols described by Thoesen (1994). 

Approved chemical therapeutants are used prophylactically and for the treatment of infectious diseases.  Prior to effecting treatments, the use of chemical therapeutants is discussed with an IDFG fish health professional.  Fish necropsies are performed on all program mortalities that satisfy minimum size criteria for the various diagnostic or inspection procedures performed.

Critical linkages exist between IDFG and NMFS with respect to the sharing of fish culture responsibilities.  Linkages also exist between IDFG, the University of Idaho, and NMFS with respect to genetic monitoring of wild and captive O. nerka.
Objective 2.  Determine the contribution hatchery-produced sockeye salmon make toward recovery.  Progeny produced at Eagle Fish Hatchery and at NMFS facilities are reintroduced to Stanley Basin waters at different life history stages using a variety of release options including: 1) eyed-egg releases to lake incubator boxes, 2) pre-smolt releases direct to lakes, 3) pre-smolt releases to Redfish Lake following net pen rearing, 4) smolt releases to outlet streams and to the upper Salmon River, and 5) pre-spawn adult releases direct to lakes.  The development of egg and fish reintroduction plans has followed a “spread-the-risk” philosophy developed by the SBSTOC and follows proven techniques applied in the commercial aquaculture field as well as in State, Provincial, and Federal agency programs.
Objective 2.  Tasks A. – F.  Maintain and operate juvenile and adult trapping facilities.  PIT tag wild and  hatchery-produced smolts to facilitate evaluations of outmigration and adult return success.  Differentially fin clip hatchery-produced juvenile sockeye salmon to facilitate evaluations of outmigration and adult return success by release location and strategy.  Estimate O. nerka outmigration from Stanley Basin lakes by release location and strategy.  Evaluate outmigration success by release location and strategy, and adaptively manage the development of future release designs.  Develop estimates of survival travel time to lower Snake River hydropower projects, and evaluate survival by release location and release strategy.  Outmigrant monitoring and evaluations are conducted annually to determine the relative success of the various release strategies employed by the program.  Adaptively  managed, results are used to help shape the development of future release plans.  The SBSTOC plays a major role in this process.  

To estimate O. nerka outmigrant run size from Redfish, Alturas and Pettit lakes, IDFG personnel (in cooperation with Shoshone-Bannock Tribe personnel) operate smolt traps on Redfish Lake Creek and on the upper Salmon River at the IDFG Sawtooth Fish Hatchery.  In addition, the Shoshone-Bannock Tribes operate smolt traps on Alturas Lake and Pettit Lake creeks.  Trapping activities are coordinated through the SBSTOC.  Wild outmigrant sockeye salmon captured at trap sites are anesthetized in buffered MS222 (Methane Tricaine Sulfonate), measured for fork length, weighed (Redfish Lake Creek only), and injected with PIT tags.  Hatchery outmigrants (identified by the absence of adipose fins) captured at trap sites are anesthetized in this same manner and scanned for PIT tags.  PIT-tagged hatchery outmigrants are measured for fork length and weighed as for wild outmigrants.  Non-PIT-tagged hatchery outmigrants may be PIT-tagged at this time.  All captured sockeye salmon outmigrants are held in flow-through, low velocity live boxes at their respective trap sites and released approximately one-half hour after sunset.  

Trapping efficiency is determined by releasing PIT-tagged wild and hatchery-produced outmigrants upstream for subsequent recapture.  Total emigration or outmigration run size is estimated for specific intervals within the total period of outmigration.  Intervals are defined as periods of outmigration with similar stream discharge and recapture efficiency.  Seasonal outmigrant run size and 95% confidence intervals are estimated using maximum likelihood and profile likelihood estimators developed by Wu and Steinhorst (2000).  Estimates are generated separately for wild/natural and hatchery-produced fish. 

Estimates of outmigration are developed by broodstock program release strategy at  Redfish, Alturas, and Pettit lake trap sites.   Outmigration estimates by release location and release strategy are also developed at Lower Granite Dam.  PIT tag interrogation data for Lower Granite Dam is retrieved from the Columbia River Basin PIT Tag Information System (PTAGIS).  Median travel times to Lower Granite Dam are calculated (where possible) for wild/natural and hatchery-produced sockeye salmon.  

Because systems operations and fish handling potentially differ by date, arrival times to Lower Granite Dam are compared for wild/natural and hatchery-produced progeny (by release strategy) using two sample Kolmogorov-Smirnov tests (a=.05), (Sokal and Rohlf 1981).  If travel times differ between evaluation groups, results of subsequent statistical tests are qualified.  Multiple, chi-square goodness of fit tests (a=.05) are used to compare PIT tag interrogation data at lake outlet trapping locations and at Lower Granite Dam (Zar 1974).  A priori power analysis for chi-square tests was conducted to determine PIT tag sample size (Cohen 1989).  

Two adult traps are used to capture returning anadromous sockeye salmon in the Stanley Basin.  The first trap is located on Redfish Lake Creek approximately 1.4 km downstream from the lake outlet.  The second trap is located on the upper Salmon River at the Sawtooth Fish Hatchery weir.  Anadromous adults are transferred from trap sites to inside vats at the IDFG Sawtooth Hatchery for temporary holding.  Adults may be marked with temporary tags to identify return location and timing.  In addition, fin tissue may be sampled to facilitate genetic investigations.  Based on recommendations from the SBSTOC, adults are transferred to lakes for natural spawning or to the Eagle Fish Hatchery to be incorporated in the captive breeding design.  

Objective 2.  Task G.  Identify spawning location and timing for pre-spawn adult sockeye released to lakes.  Estimate spawning success.  Maturing, adult sockeye salmon are produced at the IDFG Eagle Fish Hatchery and the NMFS-operated Big Beef Creek Hatchery to satisfy pre-spawn adult release objectives.  In addition to adults reared full-term in the hatchery, hatchery-produced anadromous adults that return to the program may be released to lakes for natural spawning.  

Hatchery-reared fish are selected for release based on signs of sexual maturation (coloration, sexual dimorphism, and interpretation from physical handling).  A sub-set of adults released for natural spawning are fitted with ultrasonic transmitters (Sonotronics, Tucson, Arizona) to facilitate tracking and the selection of spawning sites. Ultrasonic transmitters are assigned self-identifying codes that allow several tags to operate on the same tracking frequency.  Transmitters are typically 65 mm in length, 18 mm in width, and weigh 22 g out of water. Transmitters are lubricated with vegetable oil and inserted orally (posterior to the pharyngeal sphincter) with the assistance of a plunger. 

Adult sockeye are tracked weekly from the date of release through the completion of spawning by boat using a Sonotronics model USR-5W receiver and model DH-2-10 directional hydrophone.  Fish location is determined by triangulation from at least two locations and marked on topographical maps.  Excavation sites (redds) are identified by boat and confirmed during aerial surveys.   

The production of smolts from successful spawning events is estimated by examining the proportion of unmarked outmigrants at juvenile trapping sites.  In addition, detailed genetic analyses using microsatellite DNA markers (developed in FY1999 and FY2000 by the University of Idaho) are being used to construct parent progeny relationships between unmarked outmigrants and adults released for natural spawning.

Objective 3.  Describe O. nerka population characteristics for Stanley Basin lakes in relation to carrying capacity and broodstock program supplementation efforts.  Using mid-water trawl-based techniques, this objective develops annual estimates of O. nerka population abundance, density, and biomass for Stanley Basin sockeye salmon nursery lakes.  The same population variables are generated by the Shoshone-Bannock Tribes (Project No. 199107100) using hydroacoustic-based techniques.  Population data, along with limnology data generated by the Shoshone-Bannock Tribes are used to develop annual estimates of lake carrying capacity.  Carrying capacity estimates guide the development of annual egg and fish reintroduction plans.

Objective 3.  Tasks A. – D.  Estimate O. nerka population variables by mid-water trawl in four Stanley Basin lakes.  Trawl sufficiently to estimate abundance and density by age-class.  Collect scale and otolith samples from trawl captures for age and microchemistry analysis.  Take tissue samples for genetic analysis.  Take stomachs for diet analysis.  Develop lake carrying capacity estimates cooperatively with Shoshone-Bannock Tribes researchers.   Trawl-based surveys are conducted at night during the dark (new) phase of the moon.  Trawling is performed in a stepped-oblique fashion as described by Rieman (1992) and Kline (1994).  Total O. nerka population, density, and biomass are estimated using methods developed by Rieman (1992).  Population, density, and biomass estimates are extrapolations of actual trawl catch data to the total area of the lake mid-depth in the observed O. nerka stratum.  Whenever possible, population and density are estimated by individual age-class (assuming representation in the trawl).  Fork length and weight are recorded for all trawl-captured O. nerka and sagittal otoliths and scale samples are taken to facilitate aging.  All otoliths are surface-aged under transmitted and/or reflected light with the aid of a variable power dissecting microscope.  Scales are pressed in acetate and read with an overhead projector.  Tissue samples are collected and preserved for genetic analysis by NMFS and University of Idaho researchers.  Stomachs are removed and preserved for diet analysis by Shoshone- Bannock Tribe biologists (Kline 1994; Kline and Younk 1995; Kline and Lamansky 1997; Hebdon et al. 2000).  

Objective 3.  Task E.  Monitor sport fisheries in sockeye salmon nursery lakes to determine their impact on recovery efforts (emphasis on kokanee harvest).  The IDFG Redfish Lake kokanee fishery was not reauthorized by NMFS in 1993.  This action was brought about by the listing of the residual form of Redfish Lake sockeye salmon as endangered under the ESA.  The NMFS concluded that a harvest-oriented kokanee fishery could jeopardize the residual component of the Redfish Lake sockeye salmon population.  

One of the strategies adopted by the SBSTOC to enhance the survival of hatchery-produced juvenile sockeye salmon in Redfish Lake was the partial reduction of resident kokanee biomass.  In 1995, the SBSTOC introduced the concept of re-opening the kokanee fishery as one means of accomplishing this objective.  The permit modification developed by IDFG to re-open the fishery was accepted by NMFS, and on July 15, 1995 the Redfish Lake kokanee fishery was re-opened to harvest.  The fishery has remained open since that time.  An August 7 season closure is in effect to protect residual sockeye salmon that remain in the lake after their kokanee counterpart escapes to Fishhook Creek to spawn (note: residual sockeye salmon remain in Redfish Lake and beach spawn in October and November). Kokanee fishing seasons on Alturas and Pettit lakes were not affected.

To provide information on the potential impact of harvest-oriented sport fisheries on sockeye salmon and to assess the efficacy of fishing as a means of removing kokanee biomass, this project conducts roving creel surveys on Redfish, Alturas and Pettit lakes. (Kline and Lamansky 1997; Hebdon et al. 2000).  Creel surveys are stratified by 14 day interval, weekday and weekend day types, and morning (06:00 to 16:00) and evening (16:00 to 20:00) day periods.  Two weekday and one weekend day are surveyed each week of the census.  On each survey date, two instantaneous counts are made (one in each day period).  Angler instantaneous count dates are selected randomly and count times selected systematically.  Generally, two lakes are surveyed each year. 

Adipose fins are removed from all creeled kokanee and stored in ethanol or lysis buffer solution for genetic analysis by University of Idaho personnel.  This information is used to develop annual estimates of impact on the residual sockeye salmon component of Redfish Lake.  Creel data are analyzed using the Creel Census System program developed by McArthur (1992).

Objective 4.  Determine the origin of wild and broodstock O. nerka to provide maximum effectiveness in their utilization within the broodstock program.  Otolith microchemistry is used to discriminate individual fish from female parents of known anadromous and freshwater origin.  During the development of ova, vitellogenesis in anadromous fish begins while the female parent is in the ocean.  Conversely, this process occurs entirely in freshwater for non-anadromous, non-marine species.  Strontium can partially substitute for Ca in the formation of vitellogenin, the precursor to yolk in developing ova.  As development continues, Sr can partially substitute for Ca in the aragonite matrix of the first calcified structures to form: the otolith primordia.  As fish grow, Sr continues to interchange with Ca in the depositional process of otoliths (Kalish 1989,1990; Radtke 1989).  Kalish (1990) and Rieman et al. (1993) concluded that Sr/Ca ratios in otoliths and ova reflect the relative amounts of Sr and Ca in the environment.  Typically, Sr/Ca ratios are higher for marine waters than for fresh waters.

Objective 4.  Tasks A. – B.  Use otolith microchemistry to identify the origin of O. nerka with unknown life histories.  Integrate microchemistry results with genetic information. The preparation of otoliths for microchemistry analysis follows procedures developed by Kalish (1990) and Rieman et al. (1993).  Sample preparations are analyzed at Oregon State University (College of Oceanography, Corvallis, OR 97331-5503) and follow procedures outlined by Toole and Nielsen (1992).  Microprobe transects are run in otolith nuclei adjacent to the primordia.

Objective 5.  Tasks A. – E.  Technology transfer.  When this project was initiated, the captive culture of sockeye salmon through maturation was a relatively new field. Because of this, the Stanley Basin Sockeye Technical Oversight Committee was organized to provide a forum of peer review and discussion of all activities and propagation protocols associated with this program.  Participants in the SBSTOC process include the Idaho Department of Fish and Game, Bonneville Power Administration, National Marine Fisheries Service,  Shoshone-Bannock Tribes, and the University of Idaho. 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 Nos. 1120, 1124, and 1233, 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 available from the BPA library or posted on the BPA website.

g. Facilities and equipment
Hatchery Facilities

Eagle Fish Hatchery is the primary Idaho site for the Redfish Lake Sockeye Salmon Captive Broodstock Program.  Pathogen-free artesian water from five wells is currently in use.  Artesian flow is augmented through the use of 6 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 provider.  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 400,000 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 program, 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.  Isolation also provides an additional margin of safety with respect to fish health management.  Fiberglass tanks are used to culture all life stages of sockeye 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.

The Sawtooth Fish Hatchery was completed in 1985 as part of the Lower Snake River Compensation Plan and is located on the Salmon River 3.5 km upstream from the confluence of Redfish Lake Creek.  Sawtooth Fish Hatchery personnel and facilities have been used continuously since 1991 for various aspects of the sockeye captive broodstock program including: 1) pre-spawn anadromous adult holding, 2) egg incubation, and 3) juvenile rearing for pre-smolt and smolt releases.  In addition, hatchery personnel assist with many field activities including: 1) net pen fish rearing, 2) fish trapping and handling, and 3) fish transportation and release.  

Sawtooth Fish Hatchery receives eyed-eggs from IDFG and NMFS hatcheries.  Eggs received at the Sawtooth Fish Hatchery are typically destined for summer and fall direct-lake pre-smolt releases or smolt releases.  Eyed-eggs are incubated in Heath trays.  First-feeding fry are ponded to fiberglass tanks and later moved to concrete vats.  Rearing conditions (e.g., density and flow) are managed to be consistent with Eagle Fish Hatchery  protocols.

Pre-spawn anadromous adults captured at Redfish Lake Creek trap or the Sawtooth Fish Hatchery weir are held in vats until their release to lakes for natural spawning or their transfer to the Eagle Fish Hatchery.  The facility has pathogen-free well water and raw river water available for fish culture.  All sockeye salmon incubation, rearing and holding 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.  Rearing protocols are established cooperatively between IDFG personnel and reviewed at the Stanley Basin Sockeye Technical Oversight Committee level.

Fish Transportation Equipment

Containers used to transport fish vary by task.  In all cases, containers of the proper size and configuration are used for the task at hand.  Fish are maintained in water of the proper quality (temperature, oxygen, chemical composition) during handling and transfer phases of transportation.  The project has two ¾ ton trucks equipped with 300 gal. (1,136 L) insulated transport tanks.  Transport trucks with 1000 gal. (3,785 L), and 2,500 gal. (9,463 L) tanks are available to the program.  

Monitoring and Evaluation Equipment

Monitoring and evaluation equipment includes: a trawl boat used for lake population investigations; three skiffs used for net pen; egg release, and telemetry surveys; a permanent weir footing and associated equipment used for outmigrant and adult trapping on Redfish Lake Creek; one PIT tag station and several back-up readers and antennas; one camp trailer for field personnel; telemetry tracking gear; cryopreservation equipment; SCUBA equipment used for net pen maintenance; and many other miscellaneous pieces of equipment necessary for the completion of identified tasks.  Four vehicles are assigned to the project with additional IDFG pool vehicles available as needed.

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 facilities.  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 4.4 permanent FTE’s (Principal Investigator, Assistant Hatchery Manager, Fish Culturist, Research Biologist, Senior Fish Technician) and adequate temporary personnel time to achieve program objectives (4.3 FTE’s).
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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 sockeye salmon recovery efforts since 1993.  Prior to assuming the position of principal investigator, Mr. Kline served as sockeye project Research Biologist.  In this capacity, he coordinated all evaluation activities associated with O. nerka population monitoring in Basin lakes, 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.  While working as a Biological Consultant, Mr. Kline was lead investigator on numerous fishery habitat and population surveys for coastal salmon and steelhead systems.  In his present capacity, Mr. Kline oversees all sockeye salmon activities for IDFG in addition serving as Principal Investigator for IDFG’s  Captive Rearing Project for Salmon River Chinook Salmon.

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.  

Lance Hebdon serves as project Research Biologist.  His primary responsibilities include smolt outmigration monitoring and evaluation, adult monitoring and evaluation, O. nerka population monitoring, O. nerka predator monitoring, and creel monitoring.  Lance received his B.S. degree in Ecology from Idaho State University in 1995 and his M.S. degree in Zoology and Physiology from University of Wyoming in 1999.  Lance is certified as an Associate Fisheries Professional by the American Fisheries Society.  Prior to coming to the Idaho Department of Fish and Game, Lance worked as a Graduate Research Assistant and Research Associate with the Wyoming Cooperative Fish and Wildlife Research Unit in Laramie, Wyoming (three years in combination).  Lance also worked as a Research Assistant for one year for the Institute of Ecosystems Studies in Millbrook, New York.  In addition, Lance has five years of temporary work experience with the U.S. Forest Service, Idaho Department of Fish and Game, Idaho State University, University of Wyoming, and University of Idaho.

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 program since 1996.  Brian received his B.S. in Fisheries and Wildlife Biology from Iowa State University in 1990.  Brian is primarily responsible for the oversight of hatchery and field operations including: office management, facility maintenance and repair, net pen installation, weir installation, and SCUBA activities.  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 program 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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