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a. Abstract 
Numerous chinook salmon and steelhead populations within the Columbia River Basin are at the point of extinction and are listed under the Endangered Species Act (ESA).  More evolutionary significant units are quickly approaching this point.  Without immediate intervention, the genetic diversity contained within these fish populations will be lost (NMFS 2000a).  The Nez Perce Tribe (Tribe) strives to ensure the biodiversity of the existing male salmonid population by maintaining a germplasm repository.  Our approach is to sample and cryopreserve male gametes thereby preserving salmonid genetic diversity within the major subbasins in the Snake River basin.  Established in 1992 as a cooperative effort between the Nez Perce Tribe, University of Idaho, and Washington State University, the sperm bank of Snake River chinook salmon and steelhead has grown into the largest fish germplasm repository in the United States.  Because the Snake River sperm bank can no longer accommodate additional populations, this present program must be expanded and upgraded to meet its objectives.  Using the experience gained in the development of the Snake River sperm bank, the objective of this proposal is to immediately establish a Regional Salmonid Germplasm Repository and cryopreserve ESA-listed chinook salmon, steelhead, bull trout and other rare salmonids in the Columbia River basin.  This facility will have state-of-the-art technology, laboratory, instruments and the capability of evaluating, cryopreserving, storing fish sperm and maintaining the inventory of samples from a large number of populations in an efficient and secure manner.  The development of a comprehensive fish germplasm repository for populations at risk can provide a tangible and quantitative solution to potential loss of biodiversity.  Monitoring and evaluation will involve fertility trials to test the viability of the cryopreserved sperm.  Genetic analysis is completed each year on fish in storage.

b. Technical and/or scientific background
Current decline and status of salmonid abundance.  Of the three hundred and three fish species in the United Sates, 37% of the freshwater fish fauna in America are at risk of extinction; 17 species have already gone extinct, mostly in this century (The Nature Conservancy 2000).  At least 106 major populations of salmon and steelhead on the West Coast have been extirpated, and an additional 214 salmon, steelhead trout, and sea-run cutthroat trout stocks are at risk of extinction (Nehlsen et al. 1991).   Snake River spring and summer chinook salmon and steelhead are at high risk of extirpation with natal stream escapements of less than 200 fish, sometimes with only a few adults returning (Slaney et al. 1996).  These stocks probably cannot be effectively replaced by the introduction of fish from other stocks because they are thought to be highly adapted to their spawning sites through natural genetic selection (Corley-Smith and Brandhorst 1999).  In addition to the Snake River fish, a number of populations of salmonids within the Columbia River Basin are at risk.  With decreases in population sizes over time, the genetic diversity of these populations is declining.  Whether a population is at risk at present or not, the time to act to conserve the unique genetics of these different populations is now.  “The most fundamental derivative of a species is the information in its genome, currently most easily preserved in the form of DNA” (Ryder et al. 2000).  Extinction of a biological unit is irreversible because it involves the permanent loss of genetic resources capable of regenerating that unit; therefore, a program aimed at avoiding extinction must focus on conserving genetic resources (Waples 1995).  Failure to implement this program will potentially result in the irretrievable loss of genetic resources.  The existing project is currently limited to the Snake River Basin due to space restrictions in the current repository, budget and personnel constraints, and time, which preclude preservation of gametes in the rest of the Columbia River Basin.  By immediately establishing a regional salmonid germplasm repository program to collect and cryopreserve sperm from representative males in the Columbia River basin, the genetic composition of these populations will be available to current and future fish managers as a tool to maintain or to increase genetic diversity of specific populations.   

A relevant passage from Levin and Schiewe (2001) reads: 

“Uncertainty about the importance of local adaptation at small spatial scales, about the rate of adaptive evolution or simply about the value of diversity could be used to justify a continuation of research rather than action to preserve salmonid populations now. That would be unfortunate: Too much remains unknown about the importance of biodiversity to discount it at present. So we favor a precautionary approach. That is, people should consider the consequences of being wrong about their assumptions. If biodiversity proves less important than anticipated, so be it. But if biodiversity turns out to be more critical than is now believed, we want to ensure that salmon will not have been sent down the path to extinction without the genetic resources to escape.”  

A germplasm repository represents insurance against extinction by preserving the genetic resources.

Snake River and upriver Columbia River anadromous fish travel extraordinary distances to and from spawning grounds (Figure 1).  A segment of the ‘upriver run,’ Idaho's chinook salmon are truly unique, making a 700-mile to 950-mile spawning migration.   The Salmon River Subbasin historically produced an estimated 39 percent of the spring and 45 percent of the summer chinook salmon that entered the Columbia River.  Populations have declined drastically and steadily since about 1960.  Many wild populations are at a remnant status and the complete loss of some spawning populations is likely (Salmon Subbasin Summary draft 2001).  Because of the passage and other problems involved, spring/summer chinook was listed as threatened under the ESA in the Salmon River subbasin.  Spring chinook salmon are classified as “present – depressed” in all areas of the Clearwater subbasin where status information is available.  Chinook salmon are not listed under the ESA in the Clearwater subbasin due to the elimination of the natural run by the Lewiston Dam in the 1920s.  Steelhead are listed as threatened under the ESA in the Salmon River and Clearwater River subbasins.  Mallet (1974) estimated that historically 55% of all Columbia River steelhead trout originated from the Snake River basin, which includes the Salmon subbasin.  Though not quantified, it is likely a large proportion of these fish were produced in the Salmon Subbasin.  “Steelhead trout status is present–depressed throughout the majority of their range in the Clearwater subbasin.  The only remaining steelhead trout runs in the Clearwater subbasin with limited or no hatchery influence occur in the Lochsa and Selway River systems (B-run) and lower Clearwater River tributaries” (A-run) (Busby et al 1996; Idaho Department of Fish and Game 2001)(Clearwater subbasin summary 2001).   

Anadromous fish production in the Salmon Subbasin is limited by two primary factors.  First, adult escapements of salmon and steelhead are insufficient to fully seed the available habitat.  Second, the carrying capacity of the habitat and fish survival has been reduced within the subbasin by land management activities affecting hydrology, sedimentation, habitat distribution and complexity, and water quality (Columbia River Basin Fish and Wildlife Authority 1999). It is generally accepted that hydropower development on the lower Snake River (Figure 1) and Columbia River are the primary cause of decline and continued suppression of Snake River salmon and steelhead (IDFG 1998, CBFWA 1991, NPPC 1992, NMFS 1995, NRC 1996), resulting in low yearly effective population sizes (Nb), increasing genetic and demographic risks (i.e. potential extinctions) of local populations (Salmon subbasin summary draft 2001).  There is less agreement that the hydropower system is the primary factor limiting recovery (Mamorek and Peters 1998).  “Dam breaching could reverse the declining trend of Snake River spring/summer chinook salmon” (Kareiva et al. 2001).  Also, “… upriver stocks showed greater declines coincident with the development and operation of the hydropower system” (Schaller et al. 1999).  The identified problem related to anadromous fish in the basin is primarily the passage difficulties encountered at the eight main stem hydropower operations on the Snake and Columbia Rivers.  To a lesser extent, some habitat is degraded in the Clearwater and Salmon Subbasin, limiting early life history stages of fishes (Salmon and Clearwater subbasin summaries 2001).
At the subbasin scale, anadromous fish production in the Salmon and Clearwater subbasin is limited by two primary factors.  Adult escapement of salmon and steelhead is currently being determined by out-of-subbasin issues (dams) and is insufficient to fully seed the available habitat.  In addition, habitat carrying capacity and fish survival have been reduced within the subbasin by land management activities, which impact hydrology, sedimentation, habitat distribution and complexity, and water quality (Columbia River Basin Fish and Wildlife Authority 1999).  

Strong salmonid populations within the Salmon Subbasin are exclusively non-anadromous because factors outside the subbasin cause high levels of mortality to native salmon and steelhead that migrate to and from the ocean. The abundance of resident salmonid strongholds in the Salmon Subbasin is related to natural features, the abundance of relatively less developed and intact watersheds, and a high historic diversity of these fish within the subbasin (ICBEMP 2000).  Anadromous salmonids appear to be struggling to persist even in the best habitats available to them within the Salmon Subbasin (Figure 1).

All bull trout populations in the Salmon Subbasin were listed as threatened under the Endangered Species Act in 1998 (63 FR 31647), and are defined as one recovery unit of the Columbia River distinct population segment (Salmon subbasin summary draft 2001).  Interpretation of bull trout status throughout the Clearwater subbasin is complicated by a lack of available information in many areas.  Where status information is available, bull trout are most commonly designated as “present–depressed” (Clearwater subbasin summary 4/6/2001 draft) Designations of “present–strong” are assigned to 18 subwatersheds in the subbasin.  Of seven assessment units (AU) utilized by bull trout for purposes other than migration, five contain at least one subwatershed where bull trout are designated as present-strong.  These include the Lower North Fork, Lochsa, Upper and Lower Selway, and South Fork AUs.  Of 10 key watersheds defined for bull trout by the state of Idaho within the Clearwater subbasin, six contain areas where bull trout status is defined as present–strong in at least one subwatershed.  The Nez Perce National Forest (Paradis et al. 1999) states that connectivity between the Lochsa and Selway subbasins is high, and that regular exchange of bull trout between these areas is likely.  Bull trout are also thought to use the Middle Fork Clearwater River (Paradis et al. 1999).  Based on available status information, contiguous areas with defined (or apparent potential for) strong bull trout subpopulations exist in the Little North Fork Clearwater drainage (Lower North Fork AU), the upper reaches of Meadow Creek in the Lower Selway AU, and portions of the Upper Selway AU.  Strong subpopulations of bull trout in the South Fork AU are scattered and limited to headwater portions of Johns, Newsome, and Tenmile Creeks and Crooked and Red Rivers (Clearwater subbasin summary 2001).

Primary factors limiting resident salmonid populations within the boundaries of the Clearwater subbasin include hybridization with exotic species and impacts of land management activities on hydrology, sedimentation, habitat distribution and complexity, and water quality (Columbia Basin Fish and Wildlife Authority 1999).  In addition, bull trout may be limited by reductions in available forage due to loss of anadromous fish production (Columbia Basin Fish and Wildlife Authority 1999)  (Clearwater subbasin summary 2001).   
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Figure 1.  Locations of populations in the Snake River basin that were collected for sperm cryopreservation.

Benefits of a germplasm repository.  The goal of the many hatchery reform programs is to reduce or eliminate adverse genetic, ecological, and management effects of artificial propagation on natural production while retaining and enhancing the potential of hatcheries to contribute to basin wide objectives for conservation and recovery (NMFS 2000b).  Gamete preservation maximizes conservation benefits of hatcheries since excess germplasm can be collected from many fish at hatcheries in a relatively easy manner.  A germplasm repository has the capability to preserve genetic material to increase genetic diversity in specific spawning aggregates.

The use of frozen spermatozoa provides a practical means of increasing the genetically effective population size, especially when developing new broodstocks.  “Because only sperm can be successfully cryopreserved at this time, reestablishing an extinct population would be accomplished by fertilizing eggs of a closely related population with the stored sperm and utilizing the cryopreserved sperm to fertilize eggs of subsequent populations.  Although several generations would be required to reconstitute a genetic strain by a program of repeated backcrossing, this approach is functional” (Thorgaard 1993).  Androgenesis (where the embryonic chromosomes come only from the father) involves inactivating the maternal genetic material by using radiation, fertilizing the treated eggs with the thawed sperm, and restoring diploidy by suppressing the first cleavage division (Gwo et al. 1999, Thorgaard et al. 1998, Parsons et al 1984).  The combination of sperm cryopreservation, presented in this proposal, with androgenesis offers a way of regenerating a stock using only sperm as a source of nuclear genomic material (Thorgaard 1993,1998, Gwo et al.1999).

Cryopreservation of sperm has been shown to be an appropriate approach to the large-scale genome banking of gametes (Corley-Smith and Brandhorst 1999, Rall 1993, Gausen 1993).  Therefore, germplasm repositories can play a crucial role in the management of threatened and endangered species.  Germplasm repositories extend the lifetime of an individual for as long as its stored germplasm lasts.  With this technology, propagation goals could substantially retain higher levels of genetic diversity (Gwo et al. 1999).

The establishment of a regional salmonid germplasm repository has immediate, measurable benefits to ESA-listed species, and will result in clear benefits to species survival.  Through the application of cryobiological technology, the ongoing loss of the genetics of an ESA-listed species can be halted immediately. The resultant germplasm can be used in contemporary captive broodstock programs or it can be maintained as a biological insurance program.  The repository will initially contain an additional four 1370-liter liquid nitrogen tanks.  The four initial liquid nitrogen tanks that are proposed will hold the genetics of a total of 7,850 males.  Since the storage time of cryopreserved sperm in liquid nitrogen has been estimated to be not less than 200 years, this genetic repository will clearly be an asset to the reclamation of the genetic makeup of the various populations that may well soon disappear. 

The current Salmonid Gamete Preservation project is filling its storage tanks and is in need of an expanded repository to house future collections of cryopreserved genetic materials.  As the Salmonid Gamete Preservation project has evolved and expanded since 1992, changes need to be made for more efficient operations.  The university subcontractors are currently spending substantial time freezing, their time would be better spent in an advisor / research  (fertilization experiments, better freezing and/or thawing rates, developing cryoprotectant for other species, etc.) mode.  The Regional Germplasm Repository would handle the daily maintenance of the inventory, the coordination with the field crews, and the cryopreservation process.  

Technical and scientific data.  The scientific background leading to the spawning aggregates to be sampled for cryopreservation is based on historic metapopulation structure and a geographically based collection strategy.  The goal being to identify particular spawning aggregates that is critical to the maintenance of the overall Snake River metapopulation.  This metapopulation theory may be the reasoning behind the index areas chosen for chinook salmon by NMFS in the Biological Opinion (2000b).  Four of the seven index areas in the Snake River (NMFS 2000b) are sampled for gametes to be cryopreserved currently.  Specifically, South Fork Salmon River, Lake Creek, Johnson Creek, Big Creek, Capehorn Creek, Marsh Creek, Pahsimeroi River, and the upper Salmon River chinook salmon spawning aggregates are sampled for cryopreservation of male gametes.  The North Fork Clearwater River, Selway River, Fish Creek, Snake River, Johnson Creek, and the Pahsimeroi River male steelhead are sampled for cryopreservation of male gametes (Figure 1).  

The establishment of genetic baselines for salmon and steelhead is a key element for identifying stock or management units within populations and conserving existing genetic resources.  Also, baselines provide standards against which shifts or losses of genetic resources through various management practices (e.g. supplementation or hatchery practices) can be monitored (Salmon Subbasin Summary 2001).  

Genetically speaking, Snake River chinook salmon were also chosen for sampling due to low average heterozygosity values (mean heterozygosity 0.044; n=4) in relation to other Columbia River samples (Winans 1989).  The sample size of four is the four locations of samples: Sawtooth Hatchery (heterozygosity 0.043; n=62), South Fork Salmon River (heterozygosity 0.039; n=50), Johnson Creek (heterozygosity 0.023; n=56), and Rapid River (heterozygosity 0.042; n=50) (Winans 1989).  Genetic variability can be associated with the health of a species.  It must be recognized that the continued loss of genetic variability will result in reduced fitness and possible extinction of unique and valuable genetic races of chinook salmon (Winans 1989).

The fertility of the stored semen currently is not as great as the fresh semen.  The quality of the stored semen is usually a direct reflection of the quality of the sperm that was cryopreserved, and 50% motility of fresh sperm is considered good.  There is a risk of lower fertilization rates and potential loss of eggs using cryopreserved semen.  Fertility trials are conducted at each university every year to test the viability of the cryopreserved chinook salmon sperm.  Approximately 60% fertilization using cryopreserved semen is what can be expected if frozen chinook salmon sperm is used for production.  Lower fertilization rates using cryopreserved sperm may be acceptable where genetic concerns warrant them.

At present, cryopreservation of semen is the best means of storing fish germplasm for extended periods of time.  Cryopreserved salmonid semen will remain viable for long periods and can be easily shipped.  Ashwood-Smith (1980), Whittingham (1980), and Stoss (1983) have estimated the storage time for fish semen held in liquid nitrogen to be between 200 and 32,000 years.  

The technology to freeze female genetic material is still elusive to fisheries science.  Fish eggs or embryos cannot currently be successfully cryopreserved and since the mitochondrial DNA is maternally inherited, the mitochondrial genome of fish populations are presently not being preserved in these programs.  One method of obtaining eggs from stored materials would be to cryopreserved embryonic cells, which could later be transplanted into female recipient embryos (Nilsson and Cloud 1993).  The University of Idaho’s Dr. Joseph Cloud is developing the methodology to freeze ovaries from sexually immature female salmonids and to transplant these ovaries into compatible recipients.  This research has started with the premise that male reproductive components are easier to cryopreserved than female’s.  They have successfully transplanted testis from isogenic rainbow trout to donor male trout (Nagler et al. 2001).  This is significant research closer to freezing female genetic material.  

Dr. Gary Thorgaard and Paul Wheeler, at WSU School of Biological Science, one of the subcontractors and partners in this proposed project, is conducting research funded by the National Science Foundation, about whether the cryopreservation process causes genetic damage in the cells.  This lab has demonstrated the ability to detect a single gene mutation from irradiation effects.  The application of this research will put to rest any doubts as to the affects of the freezing and thawing process on cells and their genomes.

Dr. Cloud, Dr. Thorgaard and Paul Wheeler have published several articles on the cryopreservation of salmonid sperm (Wheeler and Thorgaard 1991), fertilization using frozen semen (Scheerer and Thorgaard 1989), transferring genes from wild fish to hatchery populations (Cloud et al. 1990), and the potential for strain recovery using cryopreserved sperm (Thorgaard et al 93,  Thorgaard et al 1998).   Dr. Cloud and Dr. Thorgaard organized a conference on the genetic conservation of salmonid fishes in Moscow, Idaho in 1991, the result of which was the publication of the proceedings of a NATO Advanced Study Institute.

These experts confirm that this proposed project, the regional germplasm repository and associated gene banking efforts, uses scientifically valid strategies and techniques and the best available science.  We continually revisit the technology and literature to stay up-to-date with salmon recovery, conservation of endangered species and cryogenic biology.

The "ownership" of the genetic resources and responsibility for the timing and circumstances of attempts at restoration are complicated issues to be resolved.  Many of the controversial practical and ethical issues related to captive breeding populations and their reintroduction into restored and changing natural habitats apply to restoration via genome banking (Corley-Smith and Brandhorst 1999). In the future, we believe that more requests will be made to use cryopreserved semen in hatchery production programs and in research.  We recommend and support only the ethical use of cryopreserved genetic material from the germplasm repository.  The judicious use of this vital genetic resource is imperative.  To that end, we will provide criteria for accessing and using cryopreserved semen samples from the germplasm repository that will assist in rational use and inventory management.  A form has been developed to request cryopreserved semen from the germplasm repository and is available for use.  The semen request form’s main function is for inventory management of the 0.5mL straws and 5.0 mL straws.  Semen requests are further reviewed by the Snake River Germplasm Repository Committee to further ensure rational use.  A database of the germplasm inventory has been established and is available for use.  A cryopreservation plan framework is currently under development and will be finalized under this proposal.   

Present germplasm repositories.  The program for plant germplasm preservation in the United States evolved into the regional station network and now has a higher level of security with the National Seed Storage Laboratory (Clark 1993).  Scientists at the American Museum of Natural History are building a central repository for nonhuman comparative genomics (Chang 2001).  The Museum of Natural Science at Louisiana State University houses frozen tissues from 37,000 birds, 15,000 reptiles, and amphibians and a smattering of mammals and fish (Chang 2001).  Domestic livestock germplasm is a large industry, which includes horses, cows, swine, poultry, and others.
  The San Diego Zoo’s Center for Reproduction of Endangered Species and other international zoos maintain a “frozen zoo” for endangered species of mammals. The National Institute of Health Jackson Laboratory maintains storage facilities for mice embryos for biomedical research.  The American Type Culture Collection preserves bacteria, fungi, protozoa, algae, viruses, cell/tissue cultures in a repository.  The Government of Norway embarked on a gene bank programme for wild Atlantic salmon in 1986 (Gausen 1993).
There are other gene banking efforts in the United States, and Thorgaard et al. 1998 summarizes these programs.  These efforts complement captive breeding programs which are ongoing for the threatened and endangered species.  A regional effort is being made in the Midwest, the Southeast and the Southwest U.S. (Thorgaard et al. 1998).

Sperm cryopreservation is also being used in efforts to propagate the endangered winter-run chinook salmon of the Sacramento River (Thorgaard et al 1998).  A captive breeding program is in place for this population as well. 

Idaho Department of Fish and Game have been cryopreserving Redfish Lake sockeye salmon as part of the captive sockeye program.  They also freeze male gametes from chinook salmon from the Lemhi River, Yankee Fork and the East Fork Salmon River from the captive rearing project.  The Tribe's captive broodstock evaluation project cryopreserves and has used stored male gametes from the captive Lostine River, Grande Ronde and Catherine Creek chinook salmon broodstocks at Bonneville Hatchery.  Washington Department of Fish and Wildlife freezes Snake River fall chinook and spring chinook from the Tucannon River.  

The Salmonid Gamete Preservation program has frozen samples from 1,880 chinook salmon and over 800 steelhead since 1992.  Now is the time to establish collections of cryopreserved sperm from endangered species and populations (Corley-Smith and Brandhorst 1999).  Additional basins, such as the upper Columbia River subbasin will be evaluated for gamete collections from salmonids, both resident and anadromous, other fishes such as lamprey, burbot, as well as aquatic organisms like amphibians.  Multiple populations are less likely to go extinct simultaneously, maintenance of the heterozygosity can tend to stabilize the larger regional population and minimize the risks of regional extinction (Simberloff 1988).  In order to maximize the preservation of genetic diversity, genetic samples should be taken from many individuals (all shapes, sizes and ages, i.e., not selecting the most “fit” individuals) over all temporal segments of a run.  

c. Rationale and significance to Regional Programs
Pacific salmon have now been extirpated from nearly 40 percent of their historical habitat in the Pacific Northwest.  Nearly half of the remaining populations are at risk of extinction (Levin and Schiewe 2001).  The rationale for preserving gametes of listed salmonid stocks is to serve as insurance for ongoing conservation projects.  The rationale for genetically analyzing archived milt is to determine the genotypes of our cryopreserved samples so the technology is used to maximize available genetic diversity within a population, minimize drift by increasing the effective population size and maintaining “population identity” (Powell personal communication 1998).

The genetic analysis monitoring and evaluation portion of the project is relevant to the provincial knowledge of population structure of chinook salmon, steelhead and other salmonids studied.  Indeed, population structure of Columbia and Snake River salmonids have been studied and applied to existing populations using the preliminary results of this project’s analysis (Brannon et al. 2000).  These results could realize cost savings and facilitate coordination among the comanagers, regulators and the public.  

There is a need for novel research programs, such as this proposed gene banking effort, that arise out of the failures of previous attempts to manage, control, or prevent environmental degradation or to enhance restoration (Underwood 1995).  

The NMFS Biological Opinion (2000b) identified the following actions relevant to this proposal:

Action 175:  Implementation of high priority, safety-net actions can begin with the brood year 2002.  The regional germplasm repository was approved by CBFWA under the “A” list of projects to be funded under BiOP (2000b).

Action 177: Implement and sustain NMFS-approved safety-net programs = regional germplasm repository was approved by CBFWS as an “A” fund under BiOP.

Action 178:  Fund for the planning and implementation of additional safety-net programs.  Emergency actions, which may endanger a population, need immediate intervention.

Action 184:  Determine whether hatchery reforms reduce the risk of extinction and whether hatcheries contribute to recovery.

Salmon and steelhead in the Snake River and upper Columbia River are particularly depressed, needing safety-net programs designed to intervene with artificial production techniques to prevent extinction.  Designed only to prevent extirpation, cryopreservation of male salmonid gametes is not intended to be a permanent project, and does not serve as a substitute for addressing the factors of decline (NMFS 2000b, p. 9-158).  Intervention will occur, in this case meaning collecting male gametes, before a population declines to the point that highly intrusive techniques (like captive broodstock programs) are necessary (NMFS 2000b, p. 9-159).  There is a danger that wild populations may be too depleted to obtain individuals for captive broodstock programs (Carroll et al. 1996).

NMFS Research Program. NMFS Northwest Fisheries Science Center is one of five NMFS research centers and is responsible for providing scientific and technical support for the management, conservation, and development of the Pacific Northwest region’s anadromous and marine fishery resources.  The Conservation Biology Division uses appropriate genetic and quantitative methods to characterize components of biodiversity in living marine resources and identifies factors that pose risks to these components (Salmon Subbasin Summary 2001).  The Salmonid Gamete Preservation project coordinates with this division of the Science Center, conferring on preserving listed salmonid genetic diversity.

Subbasin summaries.  It is generally accepted that hydropower development on the lower Snake River and Columbia River are the primary cause of decline and continued suppression of Snake River salmon and steelhead (IDFG 1998, CBFWA 1991, NWPPC 1992, NMFS 1995, NRC 1996), resulting in low yearly effective population sizes (Nb), increasing genetic and demographic risks (i.e. potential extinctions) of local populations (Salmon subbasin summary draft 2001).  

The Salmon Subbasin Summary (2001) under Existing Goals, Objectives, and Strategies (3.2) and the Nez Perce Tribe’s Research Monitoring and Evaluation (3.2.2.a.) cites:

“Objective 4.
Preserve the genetic diversity of salmonid populations at high risk of extirpation through application of cryogenic techniques.

Objective 5.  Maintain or restore wild native populations of bull trout, westslope cutthroat trout and resident rainbow trout to ensure species viability.”

The Salmon Subbasin Summary (2001) under Existing Goals, Objectives, and Strategies (3.2) under the Idaho Department of Fish and Game’s (3.2.3.a.)Anadromous Fish Management cites:

Objective 1. Maintain genetic and life history diversity and integrity of both naturally-and hatchery-produced fish.

Objective 2.  Rebuild naturally reproducing populations of anadromous fish to utilize existing and potential habitat at an optimal level.

The Salmon Subbasin Summary (2001) under Existing Goals, Objectives, and Strategies (3.2) under the Idaho Department of Fish and Game’s (3.2.3.a.) Resident Fish Management cites:

Objective 2.  Maintain genetic integrity of wild native stocks of fish and naturally managed fish when using hatchery supplementation.

A single goal has been identified for supplementation research on steelhead in the Salmon Subbasin.  This is to assess how or if artificial propagation can be used to rebuild natural populations of steelhead to self-sustaining and harvestable numbers without an adverse impact on the existing natural populations.  

The Clearwater Subbasin Summary (2001) under Existing Goals, Objectives, and Strategies for the Nez Perce Tribe Department of Fisheries Resources Management vision cites:

Goals: Conserve, restore and recover native anadromous and resident fish populations.

Strategy: Preserve the genetic diversity of salmonid populations at high risk of  extirpation through the application of cryogenic techniques.

The Clearwater Subbasin Summary (2001) under Existing Goals, Objectives, and Strategies under the Idaho Department of Fish and Game’s Fisheries Management Plan for 2001-2006 (IDFG 2001) cites:

Goal 2.  To preserve Idaho’s rare fishes to allow for future management options.

  Objective 2.1 Maintain or restore wild populations of game fish in suitable waters.

         Strategy 2.1.3.  Assist in recovery of rare species through captive rearing projects,

                                  supplementation, and protection.

The Idaho Department of Fish and Game’s anadromous fisheries management goals for the Clearwater subbasin include (Clearwater subbasin summary 2001):

Goal 1.  Maintain genetic and life history diversity and integrity of both naturally- and hatchery-produced fish.

The Salmon Subbasin Summary (2001) section about “Statement of Fish and Wildlife Needs” states: The establishment of genetic baselines for salmon and steelhead is a key element for identifying stock or management units within populations and conserving existing genetic resources. Also, baselines allow standard against which shifts or losses of genetic resources through various management practices (e.g. supplementation or hatchery practices) can be monitored.  Specifically, fish and wildlife needs include continuing gene conservation efforts (cryopreservation) for steelhead to preserve genetic diversity within the geographic population structure and continue gene conservation efforts (cryopreservation) for stream-type chinook in the subbasin.

The Clearwater Subbasin Summary (2001) section about “Statement of Fish and Wildlife Needs” states: under genetic conservation:

1. Continue gene conservation efforts (cryopreservation) for fall chinook salmon and steelhead in the subbasin. 

2. Develop gene conservation efforts (cryopreservation) to preserve genetic diversity within the geographic population structure for bull trout and cutthroat trout. 

3.  Develop conservation hatcheries with native steelhead broodstock.

WY-KAN-USH-MI  WA-KISH-WIT Spirit of the Salmon.  The Columbia River Anadromous Fish Restoration Plan of the Nez Perce, Umatilla, Warms Springs and Yakima Tribes states the major problem impacting fish resources continue to be passage at mainstem dams and flows below Hells Canyon Dam.  Problems noted in the Clearwater systems include logging, road building, grazing, mining, irrigation, grazing and stream channelization.  High sedimentation is clearly the biggest problem in the Salmon River subbasin due to the highly erodible terrain (CRITFC 2001).

Source populations for all supplementations for all supplementation efforts will be chosen to best match the characteristics of the natural population (CRITFC 1995).  The source population gametes chosen from select spawning aggregates are currently being cryoconserved for future options.

Columbia Basin Fish and Wildlife Authority. The Salmonid Gamete Preservation project has previously received a relatively high project ranking through the Columbia Basin Fish and Wildlife Authority.  The Columbia Basin Fish and Wildlife Authority and a “funding” recommendation by the Independent Science Review Panel under the NMFS BiOp rated a high priority proposal for a regional germplasm repository as a high priority.

Snake River Salmon Recovery Plan. The utilization of cryobiology is a well-recognized methodology in the establishment of genome resource banks of rare and endangered organisms.  Additional justification for this proposed project is based on the following Snake River Salmon Recovery Plan (NMFS 1994); IV.A  The Snake River Salmon Recovery Plan; IV.A The recovery goal.....is to restore these distinct populations (and their genetic and demographic subunits).  IV.A..5 Objectives Supporting the Recovery Goal - Judiciously use hatchery production… but exercise caution to avoid introductions which can degrade the genomes of natural stocks.  a.  Supplement the weakened natural stock with hatchery-propagated fish, but only of the same genetic lineage.  IV.C.6.  The following principles have influenced Team evaluations and decisions.... and should also serve as guidelines.... a.)  Biological Diversity- The biological diversity of the listed species must be maintained, and particular attention must be paid to the array of genomes.... 2) some 38 separate breeding subpopulations. 

The National Marine Fisheries Service’s Salmon Recovery Plan states that captive broodstock and supplementation programs should be initiated and/or continued for populations identified as being at imminent risk of extinction, facing severe inbreeding depression, or facing demographic risks.  The plan further states that the conservation of local populations or stocks of Pacific salmon and the preservation of their genetic resources is an important goal.

Scientific Review Team.   In the Review of Salmonid Artificial Production in the Columbia River Basin (Scientific Review Team, ISAB 1998), several recommendations are relevant to this proposed project:

“Recommendation 7.  Hatchery programs should use large breeding populations to minimize inbreeding effects and maintain what genetic diversity is present within the population.” 

“Recommendation 15.  Germplasm repositories be developed to preserve genetic diversity for application in future recovery and restoration projects in the Basin, and to maintain a gene bank to reinforce diversity among small, inbred natural populations.”

Recommendation 16.  The “genetic status of all natural populations of anadromous… salmonids needs to be understood…”

It is critical, therefore, to launch an immediate program to preserve germplasm by collecting and cryopreserving milt from all naturally spawning populations that can be reached.  The technology is available and presently being employed with some ESA listed salmonid stocks (the current salmonid gamete preservation project).  This effort needs to be expanded, and given higher priority.  Germplasm should be collected for each population on more than one broodyear to develop as complete a repository as possible.  The availability of germplasm for future use in maintenance of diversity or restoration of extirpated runs will be invaluable in the long-term ecological framework of the managed river”(Scientific Review Team, ISAB 1998).

Northwest Power Planning Council Fish and Wildlife Program (1994/2000):  The NWPPC system-wide goal in the 1994 Columbia River Basin Fish and Wildlife Program is a healthy Columbia Basin: "one that supports both human settlement and the long-term sustainability of native fish and wildlife species in native habitats where possible, while recognizing that where impacts have irrevocably changed the ecosystem, we must protect and enhance the ecosystem that remains” (NWPPC 1994).  The overall vision in the NWPPC’s 2000 Draft Columbia Basin Fish and Wildlife Program (NWPPC 2000) is “a Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region.”  
Several Northwest Power Planning Council (NWPPC) program measures in the Columbia River Basin Fish and Wildlife Program (NWPPC 2000) direct the implementation of the Salmonid Gamete Preservation Program:  



Measure 7.4E states “cryopreservation (preservation of fish gametes by freezing) has the potential of allowing banking of genetic stocks for future use, especially when the population is severely depleted and its habitat has been damaged or destroyed”.


Measure 7.4E.2 directs Federal and State agencies to fund needed research and demonstrations of cryopreservation identified in the coordinated habitat and production process.


Measure 7.4D addresses captive brood stocks. Captive brood stock program have the potential to rapidly increase adult fish numbers, while retaining genetic diversity of severely depleted wild or naturally spawning stocks of salmon.


Measure 7.4D.2 directs National Marine Fisheries service and Bonneville Power Administration to fund captive brood stock demonstration projects funded under the coordinated habitat and production process.


Measure 7.2D.2 Also fund tests of new techniques at Columbia River basin artificial propagation facilities.

The 2000 Columbia River Basin Fish and Wildlife Program’s 6th Scientific Principles is biological diversity allows ecosystems to persist in the face of environmental variation.  Habitat strategies include “Use native species whenever feasible.  Where a species native to that particular habitat cannot be restored, then another species native to the Columbia River Basin should be used.”

State Agency.  In the Oregon Department of Fish and Wildlife’s Native Fish Conservation Approach, the Conceptual Framework (draft 2001) recognizes cryopreservation as one of the seven general categories for the conservation roles of hatcheries.

d. Relationships to other projects 
This proposal is a shared collaborative effort with the Nez Perce Tribe, University of Idaho and Washington State University.  These three partners initiated this effort in 1992 and have worked together using the strengths of each institution to improve the resultant gene banking efforts.  The Nez Perce Tribe has expertise in the identification of important spawning aggregates and collection of gametes from ESA-listed fish.  The universities have developed the experience and cutting edge technology to freeze the gametes with maximum post-thaw fertility.

“Animal and plant germplasm should not be preserved merely for altruistic reasons but also for reasons that are of direct benefit to mankind”  (Dresser 1998).

BPA-funded projects.  This project proposal is intended to extend the capabilities and the capacity of the presently supported Salmonid Gamete Preservation Project (BPA Project number 1997-03800).   Other projects that are dependent on or associated with the proposed regional germplasm repository are the Johnson Creek Artificial Propagation Enhancement Project (BPA Project number 1996-04300), the Lower Snake River Compensation Plan Hatchery Production (Cooperative Agreement number 141100J006, BPA Project number 1936-LSRC), the Grande Ronde Spring Chinook Captive Broodstock Project (BPA Project number 1998-00702), the Grande Ronde Supplementation - Lostine River Monitoring and Evaluation Project (BPA Project number 1998-007702) and the Kootenai River white sturgeon studies and conservation aquaculture BPA project number 198806400).

The Grande Ronde chinook salmon captive broodstock annual operating plan recognizes the importance of and contains guidelines for the use of cryopreserved semen to maintain genetic diversity of the propagated populations.  The first use of cryopreserved semen was in September of 1998 at Bonneville Fish Hatchery to promote genetic diversity in the spawning matrix used for the Grande Ronde basin captive brood chinook salmon.  The inventory of different brood year’s cryopreserved semen allowed the matrix to incorporate different brood year parents for fertilization.  Subsequent years have utilized cryopreserved sperm in their random spawning matrix.  This project stores a duplicate set of 590 cryopreserved gametes in the salmonid gamete preservation project’s tanks at the University of Idaho as a safeguard.

“Ex situ animal conservation programs that are dependent upon the long-term preservation or genetic variation should apply this technology as it becomes available because of the increasing realization that captive breeding programs are essential to prevent many species from becoming extinct” (Dresser 1988).
The Johnson Creek Artificial Propagation Enhancement Project and the Lostine River Monitoring and Evaluation Project will use cryopreserved male gametes unique to their respective waters, if needed, to promote genetic diversity.

This proposed project would function in collaboration with the existing BPA-funded Salmonid Gamete Preservation project (1997-038-00) that collects, cryopreserves and stores ESA-listed salmonid gametes.  It is logical that the Bonneville Power Administration fund this proposal because of its past investment in the ongoing Snake River Salmonid Gamete Preservation Project.  Additional organizations will be solicited for cost-sharing and funding opportunities once the regional effort is underway.

Other Tribes.  The Salmonid Gamete Preservation Project also stores endangered Kootenai River white sturgeon germplasm in its freezer tanks for the Kootenai Tribe.

State Agencies.  This project also stores cryopreserved gametes from Idaho Department of Fish and Game’s sockeye program in the salmonid gamete preservation project’s tanks at Washington State University as a safeguard.

Sustainable Fisheries Program. The ESA emphasizes the restoration of listed fish in their natural habitats. However, Section 3(3) of the ESA recognizes the potential for artificial propagation to help achieve rebuilding objectives.  Hatcheries have been used for many decades to offset loss of salmon at the dams (Salmon subbasin Review 2001). 

There are several hatcheries operating in the Salmon Subbasin to offset take at the dams. Specifically, the McCall and Sawtooth hatcheries are operated by the U.S. Fish and Wildlife Service for the Lower Snake Compensation Plan. Rapid River, Pahsimeroi, and Oxbow hatcheries operate for Idaho Power mitigation (Salmon subbasin Review 2001).  Male gamete collections are occurring here and elsewhere in the province for gene banking efforts to ensure preservation of the genetic diversity present in these spawning aggregates.

Hatcheries can play an important role in the recovery of anadromous fish. This strategy is designed to meet the objective of ensuring species viability 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.  This proposed project relates to hatcheries in the following strategies: 

 - Use a safety net program on an interim basis to avoid extinction while other recovery actions take place for sturgeon and anadromous fish.

- Use hatcheries in a variety of ways and places to aid recovery (Salmon subbasin summary 2001).

This proposed regional gene banking effort is intended as an integrated component of all of the above-mentioned projects to conserve salmonid genetic diversity.  Most of these projects have maintenance of existing genetic diversity listed as a goal or objective, and this proposal delivers that result through cryopreservation for long and short-term options.  Some of the projects, such as the Johnson Creek Artificial Propagation Enhancement Project, plan to use cryopreserved sperm in their hatchery genetic management plans for spawning matrices. 

e. Project history (for ongoing projects) 

The Salmonid Gamete Preservation project was initiated in response to low level of chinook salmon abundance and high risk of localized extirpation.  The project started with the cooperation of the Nez Perce Tribe, Washington State University, University of Idaho and the Lower Snake River Compensation Plan hatchery evaluations in 1992 through 1996.  Funding was minimal and sampling was limited at this time.  The project was funded for $110,500 by BPA (Listed Stock Chinook Salmon Gamete Preservation Project #9703800) in 1997 and the program collected 167 viable cryopreservation samples from ten locations.  

The project was funded for $141,000 by BPA in 1998; a project leader was hired and the program expanded.  The program collected 25 viable steelhead and 295 chinook salmon cryopreservation samples from eleven locations.  The project lent its expertise to the Grande Ronde spring chinook salmon captive broodstock project by cryopreserving male gametes from 101 salmon and thawing semen for fertilization.  A 1997 annual report was written and submitted to BPA in June of 1998.  A presentation of the project was given to the Nez Perce Tribe Fish and Wildlife Commission in November of 1998.

The project was funded for $161,000 by BPA (Salmonid Gamete Preservation Project #9703800) in 1999 and the program collected 340 viable chinook salmon and 212 steelhead cryopreservation samples from nine locations.  A 1998 annual report was written and submitted to BPA.  

Genetic analysis of chinook salmon and steelhead collected started in 1999. This analysis has application for captive broodstock management and is necessary to characterize the genotypes of our cryopreserved inventory.  Currently, the University of Idaho’s Center for Salmonid and Freshwater Species at Risk has used nuclear and mitochondrial DNA polymorphisms to genetically characterize captively propagated chinook salmon from the East Fork of the Salmon River, West Fork of the Yankee Fork of the Salmon River, Salmon and Lemhi rivers.  This technology is used on both live adults and cryopreserved sperm to construct a dissimilarity matrix for breeding.  This matrix pairs genetically dissimilar individuals within a population to reduce the occurrence of inbreeding and problems associated with it.  The matrix also evens the contributions of each genetically distinct individual and eliminates genetic drift while maximizing genetic diversity in the F1 generation.  Thus, cryopreserved sperm was used in the most efficient and effective manner.  The diversity in the parent population is known.  Actually, two genetic types not present in the parent population was reconstituted by using cryopreserved sperm from rare individuals to effectively increase live diversity (Powell and Faler 1998).

The project was funded for $170,000 by BPA (Salmonid Gamete Preservation Project #9703800) in 2000 and the program collected 349 viable chinook salmon and 283 steelhead cryopreservation samples from nineteen locations.  A 1999 annual report was written and submitted to BPA.  Genetic analysis of chinook salmon and steelhead collected occurred in 2000. 

The project was funded for $213,660 by BPA (Salmonid Gamete Preservation Project #9703800) in 2001 and the program has collected 295 steelhead cryopreservation samples.  A 2000 annual report was written and submitted to BPA.  Genetic analysis of steelhead collected occurred in 2000 has been completed.

To date, over 2,715 chinook salmon and steelhead male gametes have been cryopreserved and are in storage at the two universities (Figure 2).  Endangered Kootenai River white sturgeon and Snake River sockeye salmon are also stored in the project’s tanks. This is the measurable, quantitative result of the salmonid germplasm repository project (Table1 and 2).  Project objectives have been met through these past collections of gametes.  
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Figure 2.  Example of a liquid nitrogen tank where chinook salmon and steelhead germplasm is stored.
Table 1.  Snake River basin chinook salmon cryopreserved from 1992-2000.

Spawning Aggregate
Number of Samples Cryopreserved, by year
Total # Sample

/stream


2000
1999
1998
1997
1996
1995
1994
1993
1992


Lostine River
18
2
3
2
3
1
4


33

Lostine River (captivebrood)

reported as cohort class not by spawning years
191

upper Grande Ronde River (captivebrood)

reported as cohort class not by spawning years
176

Catherine Creek

(captivebrood)

reported as cohort class not by spawning years
223

Imnaha River
71
95
79
41
33
42
22


383

Rapid River
51
68
98






217

South Fork Salmon River
54
93
45
45
19




256

Lake Creek
15
6
3
4
3




31

Johnson Creek
35
5
17
7





64

Big Creek
7
0
1
6
0
0
0
10
7
31

Capehorn Creek
1
0
6
2





9

Marsh Creek
7
0
2
4





13

Pahsimeroi River
50
31







81

Up. Salmon River
40
40
41
51





172

Total  # of Samples/year
349
340
295
162
58
43
26
10
7
1880

Table 2.  Snake River basin steelhead cryopreserved in 1993-2001.

Spawning Aggregate
Number of samples cryopreserved, per year
Total  # Samples Per Stream


2001
2000
1999
1998
1997
1994
1993


Grande Ronde River
1
1





2



North Fork Clearwater River

Dworshak Nat. Hatchery
81


89
62




232



Selway River





5*

5



Fish Creek
1
1




10*
12



Snake River

Oxbow Hatchery
73
98
76




247



Johnson Creek
1

2




3



Pahsimeroi River

Pahsimeroi Hatchery
60
40
47




147



Imnaha River

2





2



Little Sheep Creek
78
52
25
25
5


185



Total # sample per year
295
281
214
25
5
5
10
835



* collected by the USGS/ National Biological Survey

Monitoring has occurred through annual genetic analysis of the fish whose germplasm is stored in the repository and the fertilization experiments done every season have proven the fertility of the frozen/thawed gametes (average 70%).  The management implications from these results has shown itself through the Grande Ronde chinook salmon captive broodstock program’s successful use of cryopreserved germplasm in their spawning matrices.  Annual reports of the project’s results from the past four years are available on the BPA website for interested parties.  Project presentations have been made at professional fisheries meetings, hatcheries, government and university level gatherings.  These meeting have encouraged good communication and report between project personnel, managers, professors, biologists and geneticists which have lead to excellent on-the-ground decisions.  For example, preliminary genetic analysis of the Sawtooth Hatchery chinook salmon showed a high degree of inbreeding which lead the hatchery staff to a spawning matrix to promote greater genetic diversity.  Continued sharing of data and ideas with a regional or ecosystem approach will integrate and educate other subbasins and provinces about gene conservation.

The Salmonid Gamete Preservation project is applied research based on a successful university and comanager partnership.  The coordination of several scientists, experienced fisheries managers and technical staff has enabled the pooling of resources and ideas effectively to develop the world-class salmonid germplasm repository.  We have the capability to expand this program regionally and to more aquatic species.

“Extinction is a catastrophe, not only aesthetically or because of the effect it has on the ecological balance, but also because it deprives mankind of part of nature’s potential” (Dresser 1988).

f. Proposal objectives, tasks and methods
The goal of the regional salmonid germplasm repository is to preserve genetic diversity of threatened and endangered salmonids indefinitely.  Native chinook salmon and steelhead runs are on the brink of extinction with localized extinction already occurring.  Frozen genetic materials stored in liquid nitrogen is an insurance policy that salmonid genes and combinations of genes do not disappear forever.  The regional salmonid germplasm repository will have the capability of storing the genetic materials of thousands of individual fish.  One of the strengths of this approach is that the physical products of the repository, the straws of cryopreserved fish sperm or male genetic material (DNA), can be quantified relative to the effort or monetary investment.  Results are measured not only in the quantity of samples collected but also in the fact that we are preserving unique genetic material.  The success of the project would be in using the samples to increase or restore genetic diversity to depressed or extinct spawning aggregates of salmonids.  

Planning and Design

Objective 1.  Coordinate the salmonid gamete preservation project and the activities of the Regional Salmonid Germplasm Repository with other co-managers in the basin.  Communicate with the Northwest Power Panning Council about process for construction of facility.

Objective 2.  Obtain necessary environmental reviews, permits and evaluations for construction activities for facility.

Objective 3.  Design Regional Salmonid Germplasm Repository.  Conduct preliminary and final engineering design and review.

Construction and Implementation

Objective 4.  Establish a regional salmonid germplasm repository.  

Operation and Maintenance

Objective 5.  Preserve the genetic diversity of salmonid populations in the Snake River basin at high risk of extirpation through application of cryogenic techniques.

Objective 6.  Identify salmonid populations at critically low levels of abundance in the Columbia River basin and initiate germplasm collections for cryopreservation. 

Objective 7.  Manage the physical salmonid germplasm.

Objective 8.  Cryopreservation research.

Objective 9.  Transfer of technology.

Monitoring and Evaluation

Objective 10.  Analyze the genetic material to assess the diversity contained within the gene bank. 

Objective 11.  Test selected gamete samples for viral and bacterial infections as an experimental protocol for all gene cryoconservation efforts.  

The following objectives have measurable outcomes, are linked to the Salmon and Clearwater subbasin summaries and are described by specific tasks that will contribute to accomplishing the stated objectives.  

Planning and Design 

Objective 1 - Coordinate the salmonid gamete preservation project with management agencies and Tribes in the Columbia River basin.  Coordinate the activities of the Regional Salmonid Germplasm Repository with other co-managers in the basin (Salmon (Objective 4, strategy 1) and Clearwater Subbasin Summary 2001) under Existing Goals, Objectives, and Strategies).  Personnel with this proposed project would annually (more frequently if needed) coordinate the activities of the regional germplasm repository with management agencies and Tribes in the Columbia Basin.  The Nez Perce Tribe strongly believes in coordination efforts to monitor, conserve, protect and recover populations at low levels of abundance and high risk of extirpation.  It is important to meet with other agencies and Tribes who may help with the collection of gametes or potentially use the cryopreserved samples to accomplish this objective.  Communicate with other cryogenic researchers and programs to keep current with and utilize the best technology to improve the regional germplasm repository program.  Coordinate with the fisheries staff of the NWPPC about the process for construction of the Regional Germplasm Repository.  Communication is crucial to management of listed species, especially anadromous salmonids, since anadromy covers a variety of habitats, states and political jurisdictions.  This is an ongoing effort.

Task 1.a      Coordinate planned salmonid gamete preservation activities with management agencies.  Communicate, educate and inform State, Federal, Tribal agencies and the public about the regional germplasm repository program.  This project will be coordinated with all ongoing Lower Snake River Compensation Plan (LSRCP), Idaho Power Company, state, federal and captive broodstock artificial propagation programs that utilize salmonids for recovery efforts.  Fisheries management agencies and Tribes will be further coordinated with prior to the implementation of this project.  Meetings will occur on an annual basis and as needed.

Task 1.b
Refine the selection of salmonid spawning aggregates for cryopreservation and cryopreservation goals.   Continually research the different spawning aggregates; differences and relatedness of populations as more study results on genetic, gene flow and demographics become available.  Coordinate and integrate agency input into salmonid spawning aggregates to be selected for cryopreservation.   This task is measurable by the final list of spawning aggregates sampled each year, and though dynamic should not change appreciably once implemented.

Task 1.c
Consult with NMFS and USFWS (Section 10 research permits) to ensure consistency with recovery planning efforts under the Endangered Species Act.  The Nez Perce Tribe does not recognize that the Endangered Species Act takes precedence over or precludes Tribal sovereignty or rights in any manner.  In that regard, the Columbia River Inter-Tribal Fish Commission maintains a Section 10 permit by and through the Bureau of Indian Affairs, coordinating Tribal activities relative to listed salmon populations.  This occurs annually for ongoing field collections.

Objective 2 – Obtain necessary environmental reviews, permits and evaluations for construction activities for the Regional Germplasm Repository.  This objective is not tied to the subbasin summaries but it is assumed that appropriate laws (NEPA, Clean Water Act, etc.) will be followed to the benefit of fish, wildlife and the environment.  This objective will be completed before any construction occurs, hopefully within 2002.

Task 2.a       National Environmental Policy Act (NEPA) regulations (40 CFR 1503.2) require Federal agencies, such as BPA, to review and comment proposed actions within their expertise or jurisdiction.  The construction of the Regional Salmonid Germplasm Repository may require NEPA assessment.

Task 2.b        Obtain other necessary permits, such as a 404 permit from the Army Corps of Engineers, cultural resources survey, hazardous material review, wetlands/plant surveys, etc.

Objective 3.  Design Regional Salmonid Germplasm Repository.  This objective is tied to the Salmon and Clearwater Subbasin Summaries in that it will lead to gene conservation at the regional level.  Planning and design of the repository will occur mostly in 2002 and 2003 and into 2004 as the construction phase is implemented.

Task 3.a        Preliminary design by an architect.  Draw up plans for the Regional Salmonid Germplasm Repository and submit to architect for blueprint design and cost estimates.  

Task 3.b         Final engineering design.  

Construction and Implementation

Objective 4. - Establish a regional salmonid germplasm repository.  This objective is cited in the existing Goals and Strategies as a means of preserving and restoring native, wild salmonids to Idaho’s waters (Salmon and Clearwater Subbasin Summaries 2001).

This objective will be met by the engineering design and construction of a new building in 2002 –2005 to house the regional salmonid germplasm repository.  The proposed building (approximately 7,360 feet2) is intended to house large capacity liquid nitrogen tanks, a laboratory for cryopreservation preparation, gamete testing area, two large walk-in cold rooms for handling the milt at reduced temperatures and for filling and sealing the resultant semen straws, a classroom/conference room and office space (Appendix 1).  The laboratory will be outfitted with appropriate equipment to evaluate the sperm prior to freezing, to produce on site all media required, and to process the genetic material for cryopreservation (mentioned above in Objective 2, task 2.6).   The freezer tanks will be kept filled with liquid nitrogen (all straws will be maintained submerged in liquid nitrogen at all times) to ensure the samples are kept at a constant –196oC.  Each liquid nitrogen tank will be equipped with a system to monitor the level of liquid nitrogen tanks (and to add additional liquid nitrogen if needed), and the rooms that contain these tanks will contain an alarm system and oxygen detector.  This system monitors the oxygen levels in the room air to alert through a telephone system the repository personnel of a tank failure.

Task 4.a
Acquire land for the facility.  The site for this facility is anticipated to be in the Alturis Technology Park, Moscow, Idaho.  The location was proposed for its proximity to the University of Idaho and Washington State University, but the final site is negotiable.   This development is equipped with state-of-the-art infrastructure.  This purchase, accompanied by the necessary NEPA and other permits, would be completed in 2002.

Task 4.b
Construct a regional salmonid germplasm repository.  This effort will be subcontracted to a construction company to build the repository in 2003-2004.  Construction contract administration is necessary to oversee construction of facility to ensure that they meet the specifications designed.  This construction is proposed to occur at a developed technology part designed for research and laboratory work.  A contingency of 30% is budgeted to prevent excessive cost overruns.  The construction schedule below is reasonable and allows for up to 6 months of unforeseen delays and allow for completion of major construction in 2004.

Task 4.c
Purchase equipment for cold room and storage facilities.  The proposed building is intended to house large capacity liquid nitrogen tanks, a laboratory for media preparation, a large walk-in cold room for handling the milt at reduced temperatures and for filling and sealing the resultant semen straws.  These purchases would occur in 2002 and 2003 so that the repository would be operational by 2004.

Task 4.d
Maintain storage facilities for preservation of genetic material.  Keep the freezer tank full of liquid nitrogen to preserve the integrity of the sample at –196oC at all times.  This task is a long-term commitment to maintain the integrity of the cryopreserved germplasm for as long as the recovery of listed salmonids is in question.

Task Description and General Schedule:

Task Description


Years and Months


     Jan-Jun 02  Jul-Dec 02  Jan-Jun 03  Jul-Dec 03  Jan-Jun 04  Jul-Dec. 04 

1)  Acquire land      ****

2)  Permitting           *****  

3)  Prelim. Design    ******     ***

4)  Final design/engineering
    *******    ****

5) Construction


              ****       ******       ******


* Indicate months

Operation and Maintenance

Objective 5.  Preserve the genetic diversity of salmonid populations at high risk of extirpation through application of cryogenic techniques.  Evaluate the effectiveness of the cryopreservation process through fertilization experiments.  This objective is cited in the Salmon Subbasin Summary (2001) under Existing Goals, Objectives, and Strategies (3.2) of the Nez Perce Tribe’s Research Monitoring and Evaluation (3.2.2.a.).

Columbia River salmonid populations have experienced significant decline in population numbers over the past five decades with chinook salmon and steelhead now listed as an endangered or threatened species under the Endangered Species Act (ESA) in the majority of the subbasins.  Genetic conservation through population protection and monitoring has not been successful.  A genetic resource management approach using cryogenic technology has been implemented to preserve and maintain genetic material from salmonid populations (conservation units) at low levels of abundance and high risk of extirpation.  These efforts are needed to preserve and maintain salmonid population genetic diversity as an insurance policy against population collapse and extirpation, for ongoing artificial propagation programs and to preserve genetic material for future management options.   The NMFS draft recovery plan states that "the conservation of local populations or stocks of Pacific salmon and the preservation of their genetic resources is an important goal".

Almost all of the listed Snake River steelhead and chinook populations are below threshold numbers of spawning adults in each population/stream and are below 10% of their historical production potential.  The upper Big Creek chinook salmon spawning aggregate has experience three years of cohort collapse in 1994-1996.  Middle Fork Salmon River tributaries such as Loon Creek () redds in 1995), Sulphur Creek (0 redds in index area in 1994, 1995, and 1999), and Marsh Creek (0 redds in index area in 1995 and 1999) show significant concern about the continued persistence of chinook salmon in this watershed.  Tribal and agency input for the selection of populations to be preserved (i.e. sample sizes per population, per year, and period of time to cryopreserve) has been requested.   This objective would continue until recovery goals are met and salmonid populations are at viable levels of natural production.

Task 5.a
Identify salmonid spawning aggregates that are at high risk of extirpation in the Snake River basin for germplasm sampling.  Determine the number of spawning aggregates and/or subbasin from which to cryopreserve materials.

Task 5.b
Determine sample sizes required per spawning aggregate to preserve a representative sample of the genetic diversity within the population. 

Task 5.c
Collect male chinook salmon gamete samples.  Strive for up to 100 samples per spawning per year.  Utilize developed, detailed adult sampling protocols for the collection and transport of germplasm to the regional germplasm repository.  This effort incorporates cost-sharing to fulfill collection operations.

Task 5.d
Collect male steelhead gamete samples.  Strive for up to 100 samples per spawning aggregate per year.  Evaluate this measurable task annually.  Utilize developed, detailed adult sampling protocols for the collection and transport of germplasm to the regional germplasm repository.  This effort incorporates cost-sharing to fulfill collection operations.

Task 5.e
Collect male resident fish (native bull trout and cutthroat trout) gamete samples.  Strive for up to 100 samples per natural spawning aggregate per year.  Evaluate this measurable task annually.  Utilize developed, detailed adult sampling protocols for the collection and transport of germplasm to the regional germplasm repository.  This effort incorporates cost-sharing to fulfill collection operations.

Task 5.f
Set up state-of-the-art cryogenic laboratory.  Keep current of ongoing cryopreservation research in order to update and have the best techniques available.  Preserve gamete samples on-site when necessary as a second priority.

Task 5.g
Conduct fertilization experiments to evaluate the ability of the thawed germplasm to fertilize eggs.  Incubate a subset of the embryos to parr size for fluctuating asymmetry meristic counts.

Task 5.h
Determine the period of time (years) for gamete collections and cryopreservation to occur, per spawning aggregate, to ensure that sufficient genetic material is preserved based on genetic analysis of salmonid genetic material cryopreserved. 

Apply cryopreservation techniques to steelhead and chinook salmon conservation units at low levels of abundance and high risk of extirpation.  The proposed regional genome resource bank will provide the service of cryopreserving and storing milt from fish populations at risk within the Snake River Basin.  Milt, collected either streamside or in the hatchery will be shipped on ice at 4o C in Whirlpac® bags within 12 hours to the cryobiology laboratory. Upon arrival, the samples will be given an identification or inventory number and evaluated. Those samples that have less than 50% motility will be rejected for freezing and storage unless the genetics of the donor animals are deemed to be critical. Milt to be frozen is extended in a freezing solution that contains a cryoprotective agent (7 % dimethylsulfoxide for salmonids), cryopreserved using a two-step procedure (Cloud et al. 2000) and stored in liquid nitrogen. At this point, the fish manager that requested the service could elect to store the frozen milt in liquid nitrogen at the Regional Salmonid Germplasm Repository or have the frozen sperm returned to the originating location (or alternative location) for on site storage (or the frozen milt can be divided and half go to both of these storage sites).

Sperm evaluation is an important component of the cryopreservation program in order to cull poor quality sperm samples prior to freezing, and to estimate the fertility of the stored sperm post-thaw. The proportion of sperm that initiate motility following the addition of an appropriate activating solution estimates the quality of the sperm.  The regional germplasm repository will be equipped with a video imaging system that will provide the capability of sperm evaluation by a number of individuals at the same time, and it will provide a means of capturing and storing the information that was used to provide an estimate of sperm motility. Assessment of spermatozoa motility using computer-aided sperm analysis, apart from being rapid and objective, would also indicate the number of motile cells and facilitate rapid analysis of the nature of the motility, velocities, straightness, etc. (Ravinder et al. 1997).  The straws and the goblets will be printed at this facility; all straws used in the laboratory will have both letter/numerical identification and a bar code. The straws will be filled and sealed using an automatic filler system in a cold room at 4o C; this cold room will be equipped with a UV irradiation system and filter system to provide an aseptic environment to handle and freeze the milt. The sperm stored at the regional germplasm repository will be in at least two separate liquid nitrogen tanks.  The tanks will contain an alarm system to alert the personnel of a tank failure.  

The laboratory will also be equipped with a computer / bar code reader system for inventory purposes. This system will provide strict accountability on the movement of materials into and out of the repository. An inventory of the materials held at this proposed facility will be provided annually to each of the participating fish managers for their materials in storage.    

Objective 6.   Identify salmonid populations at critically low levels of abundance in the Columbia River basin and initiate germplasm collections for cryopreservation (Salmon subbasin summary (Objective 4, strategy 2) 2001).

Task 6.a
Identify salmonid spawning aggregates that are at high risk of extirpation in the Columbia River basin for germplasm sampling.  Determine the number of spawning aggregates and/or subbasin from which to cryopreserve materials.

Task 6.b
Determine sample sizes required per spawning aggregate to preserve a representative sample of the genetic diversity within the population. 

Task 6.c
Collect male chinook salmon gamete samples.  Strive for up to 100 samples per spawning aggregate per year.  Utilize developed, detailed adult sampling protocols for the collection and transport of germplasm to the regional germplasm repository.  This effort incorporates cost-sharing to fulfill collection operations.

Task 6.d
Collect male steelhead gamete samples.  Strive for up to 100 samples per spawning aggregate per year.  Evaluate this measurable task annually.  Utilize developed, detailed adult sampling protocols for the collection and transport of germplasm to the regional germplasm repository.  This effort incorporates cost-sharing to fulfill collection operations.

Task 6.e
Collect male resident fish (native bull trout and cutthroat trout) gamete samples.  Strive for up to 100 samples per natural spawning aggregate per year.  Evaluate this measurable task annually.  Utilize developed, detailed adult sampling protocols for the collection and transport of germplasm to the regional germplasm repository.  This effort incorporates cost-sharing to fulfill collection operations.

Task 6.f
Conduct fertilization experiments to evaluate the ability of the thawed germplasm to fertilize eggs.

Task 6.g
Determine the period of time (years) for gamete collections and cryopreservation to occur, per spawning aggregate, to ensure that sufficient genetic material is preserved based on genetic analysis of salmonid genetic material cryopreserved. 

Apply cryopreservation techniques to salmonid conservation units at low levels of abundance and high risk of extirpation.  The proposed regional genome resource bank will provide the service of cryopreserving and storing milt from fish populations at risk within the Columbia River Basin.  Milt, collected either streamside or in the hatchery will be shipped on ice at 4o C in Whirlpac® bags within 12 hours to the cryobiology laboratory. Upon arrival, the samples will be given an identification or inventory number and evaluated. Those samples that have less than 50% motility will be rejected for freezing and storage unless the genetics of the donor animals are deemed to be critical. Milt to be frozen is extended in a freezing solution that contains a cryoprotective agent (7 % dimethylsulfoxide for salmonids), cryopreserved using a two-step procedure (Cloud et al. 2000) and stored in liquid nitrogen. At this point, the fish manager that requested the service could elect to store the frozen milt in liquid nitrogen at the Regional Salmonid Germplasm Repository or have the frozen sperm returned to the originating location (or alternative location) for on site storage (or the frozen milt can be divided and half go to both of these storage sites).

Objective 7.  Manage the physical salmonid germplasm inventory.   This objective is referred to in the existing Goals and Strategies as a means of preserving and restoring native, wild salmonids to Idaho’s waters (Salmon and Clearwater Subbasin Summaries 2001).  This objective would continue until recovery goals are met with salmonid populations at viable levels of natural production.

There is a need to develop a policy on the wise use of the salmonid germplasm retained in the regional germplasm repository.  This policy will be based on all the biological and genetic information available on each individual fish whose germplasm is in the repository.  The inventory will be stored in at least two different tanks for as a safeguard to protect against catastrophic events that could destroy all germplasm samples if they were stored at one location.

Task 7.a   Develop an aquatic species genetic resource cryopreservation management plan.  This will be a peer-reviewed, dynamic document to guide policy makers in using the stored germplasm wisely and plan for future activities.  Collaborate with agencies and Tribes to collaborate efforts with storage and use of genetic materials.

A request for access to the salmonid germplasm must undergo a process of review.  This reviewing process should include a population geneticist and reproductive biologist, the requesting agency to determine why there is a need to access stocks, management agencies and regulatory agencies.  A standard agreement needs to be worked out before any usage and agreed by all participating organizations (FAO 1998).

Task 7.b   Manage germplasm inventory.  As this regional germplasm repository increases the quantity of stored genetic materials, there is a need for a more efficient management system for these materials. This proposed project will use a new inventory system (from IMV, Inc., Minneapolis, MN) that uses a barcode and software that automatically adds and subtracts materials as they enter or leave the system. This inventory system will improve upon the current Excel spreadsheet format being used by the Salmonid Gamete Preservation project. As this new bar code system is being adapted to the needs of fish conservation, this information will be shared with other programs that are storing milt and will be included in the short course on salmonid sperm cryopreservation that is offered annually by the personnel with the repository.  The inventory database would be shared electronically on a new website developed for the regional salmonid germplasm repository.  

Objective 8– Cryopreservation research.  There are many simple, short-term experiments to perform to optimize the gene banking effort.  University subcontractors would perform the following tasks with support from project personnel.  This objective ensures the best available science and technology is utilized.  The results of these tasks will be peer-reviewed and published in fisheries journals for use in other gene banking efforts.

Task 8.a   Determine probability of pathogen cross-contamination among straws in the germplasm repository.

Task 8.b   Experiment with using a buffer in the freezing solution.  We are not using an buffer now, just relying on the buffering ability of the seminal plasma.  The results could improve post-thaw motility.

Task 8.c   Test for disease/ pathogen cryogenic viability capabilities.

Task 8.d   Explore and find the ideal freezing curve for 5 mL straws.  We are currently using the same rate of freezing for both 0.5 and 5 mL straws without knowing the best rate.

Task 8.e   Refine the thawing and fertilizing of eggs with cryopreserved sperm methodology.

Task 8.f   Determine how many eggs you can fertilize with 0.5 and 5 mL straws respectively.  There will be a range due to the quality of eggs and sperm but need to test the numbers.

Objective 9.    Transfer of technology.   This objective is cited in the Salmon Subbasin Summary (2001) under Existing Goals, Objectives, and Strategies (3.2) of the Nez Perce Tribe’s Research Monitoring and Evaluation (3.2.2.a.).  This transfer of information will occur as long as there is new information to disseminate.

Transfer of technology occurs through written and verbal coordination with Idaho Department of Fish and Game, Oregon Department of Fish and Wildlife, Washington Department of Fish and Wildlife, Columbia River Inter-Tribal Fish Commission, National Marine Fisheries Service, University of Idaho, Washington State University, and additional agencies and institutions as necessary.   Presentations will be made to interested professional societies and at conferences also.   The inventory database would be shared electronically on a new website developed for the regional salmonid germplasm repository.  

It is through our result reporting that the project gets evaluated regularly (Faurot et al 1998, Armstrong and Kucera 1999, 2000, 2001).  Reports get circulated to interested and involved parties as well as to the public through the Internet posting of annual reports.  An annual report publication summarizing all activities associated with the Salmonid Gamete Preservation project will be prepared and publicized through the Bonneville Power Administration.  Quarterly and annual report of the repository’s construction and operations will occur.  The Columbia River Inter-Tribal Fish Commission maintains a Section 10 permit by and through the Bureau of Indian Affairs, coordinating Tribal activities relative to listed salmon populations.  An annual report will be submitted to NMFS, which summarizes project activities relating to chinook salmon populations listed under the Endangered Species Act. Endangered Species Act consultations will occur as necessary.

Task 9.a   Facilitate data dissemination within the region.

Task 9.b    Prepare and provide annual reports summarizing all activities associated with cryopreservation sample collection, preservation, inventory and storage.

Task 9.c
Prepare and provide quarterly reports summarizing all activities associated with cryopreservation sample collection, preservation, inventory and storage.

Task 9.d        Prepare annual ESA summary reports for NMFS and USFWS to report our collection results for recovery planning efforts under the Endangered Species Act.

Monitoring and Evaluation

Objective 10.  Analyze the genetic material to assess the diversity contained within.  This objective is referred to in the existing Goals and Strategies as a means of preserving genetic integrity of the wild salmonids in Idaho’s waters (Salmon and Clearwater Subbasin Summaries 2001) under the Idaho Department of Fish and Game’s (3.2.3.a.) Anadromous Fish Management Plan.  This analysis will continue until all the fish whose germplasm is stored in the repository have been genetically analyzed and reported on.   Genetic analysis will characterize available cryopreserved sperm from steelhead and chinook salmon in the Snake River basin to aid in captive propagation, supplementation, and recovery (Powell and Faler 1998).   This monitoring and evaluation portion of the project is necessary to evaluate the genetic diversity stored in the repository and to identify future adaptive management and collection strategies.

Conduct genetic analysis on fish whose germplasm is stored in the repository.  Preliminary results from completed genetic analysis catalog each fish’s genetic material as a particular genotype (haplotype).  The diversity preserved is quantified through this analysis.   Each spawning aggregate will be evaluated alone and in relation to other aggregates in the Snake River basin to determine whether sampling should continue.

Task 10.a
Conduct genetic analysis of salmonid genetic material cryopreserved.

Task 10.b
Analyze scales of fish whose germplasm has been cryopreserved to determine the brood year of fish sampled.

Task 10.c
Determine the period of time (years) for gamete collections and cryopreservation to occur, per spawning aggregate, to ensure that sufficient genetic material is preserved based on genetic analysis of salmonid genetic material cryopreserved.


Objective 11.  Test the gamete samples for viral and bacterial infections as an experimental protocol for all gene cryoconservation efforts.  

Task 11.a
Send each milt sample for viral and bacterial contamination testing.

 “In commercial embryo transfer and artificial insemination program utmost care has to be taken to avoid transmission of diseases.  This is particularly important when these techniques are used as a component of conservation programs and the semen or embryos are to be used after many years of storage (FAO 1998).  All milt samples should be tested for available viral and bacterial diseases concurrent with the cryopreservation process.  A small portion (1mL) shall be sent to the U. S. Fish and Wildlife Service Idaho Fish Health Center in Ahsahka, Idaho.  A quarantine station section at the regional repository needs to be considered as an “interface” between the spawning aggregates in nature and the Regional Salmonid Germplasm Repository.  It would act as a recognized pre-entry isolation facility while the samples are concurrently undergoing viral and bacterial testing at the U. S. Fish and Wildlife Service Idaho Fish Health Center.  A cooperative agreement between the Center and the Nez Perce Tribe would be in place to test the milt from each sampled salmonid for bacteria and viral contamination.

g. Facilities and equipment
Personnel for the project will include a project leader to administer the project, an assistant project leader to direct the operations of the regional germplasm repository in Moscow, two biologists to lead the fieldwork involved in the Salmon, Clearwater, Imnaha, Tucannon, mainstem Snake and Grande Ronde subbasins for multiple species’ gamete collections, and up to eight fisheries technicians for field work and laboratory work.  The university personnel (Dr. Cloud at the University of Idaho and Dr. Thorgaard and Paul Wheeler at Washington State University) will be retained as subcontractors to advise and assist the regional germplasm repository in its duties.  The Hagerman Fish Genetics Laboratory will conduct the genetic analysis on the fish sampled for cryopreservation.  An aviation company will be subcontracted to transport the samples from remote field stations.  A reputable architect, engineering and construction firm will be subcontracted for the design and building of the regional facility.  These builders have not been hired yet, but several highly qualified companies are being considered.

The regional germplasm repository will be housed in a secure research building in Alturas Technology Park located near the University of Idaho in Moscow, Idaho (http://users.moscow.com/edc/alturas/index.html).  See Appendix 1 for floor plan.  This facility will have state-of-the-art working environment backed up by fiber optic cable and a sophisticated telecommunications infrastructure. There will be a laboratory with climate controls to achieve cold environment conditions for the cryopreservation processes.  The repository will have a storage area with alarms for at least eight large liquid nitrogen tanks and refilling cylinders.  Also, an office area is necessary with a computer for inventory management, phone and desk space.  A repository director will staff the facility and be responsible for running the repository, which includes: supervising and training laboratory technicians for cryopreservation, inventory management, maintenance of the tanks, and coordinating with the field operations.

This project proposes to purchase the following: 

A. Video / microscope system to facilitate and monitor sperm evaluation

B. Bar code reader system for inventory management

C. Computer for Regional Germplasm Repository inventory

D. IMV MRS 3 (integrated system / computer controlled straw filling and printing)

E. Liquid nitrogen tanks (four; 1830 liter capacity)


MVE 1830 with the Tech 2000 control system, battery backup and gas bypass

These equipment items are requested in order to automate the manual filling of the semen straws, to make the evaluation process more reliable and to handle the increased volume of materials anticipated. These equipment items will be housed in the Regional Salmonid Germplasm Repository.  The Salmonid Gamete Preservation Project and fieldwork will continue to be administered from the McCall Field Office with staff in remote locations in the Salmon and Clearwater subbasins.  These field stations will require satellite or cellular telephones.  
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Winans, G. A. 1989.  Genetic variability in chinook salmon stocks from the Columbia River basin.  North American Journal of Fisheries Management. 9:47-52.
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NAME:  Armstrong, Robyn



TITLE:  Salmonid Gamete Preservation Project Leader
ORGANIZATION:  Nez Perce Tribe

DEPARTMENT:  Department of Fisheries Resources Management Research Division

OFFICE LOCATION:  P.O. Box 1942, McCall, Idaho

OFFICE PHONE:  (208) 634-5290   FAX: (208) 634-4097  

EMAIL:  robyna@nezperce.org

EDUCATION:
B.S. (Preveterinary medicine/Animal Science), University of New Hampshire, 1986.

EXPERIENCE: 

Robyn Armstrong has attended cryopreservation of salmonid sperm workshops and has cryopreserved semen on-site as well as in a laboratory scenario.  Her knowledge of the Salmon River basin and background of 10 years working with salmonids helps her coordinate field collections.

1998-present   Project Leader, Nez Perce Department of Fisheries Resources Management


Responsible for the Salmonid Gamete Preservation project.

1995-1998      Fisheries Biologist, Payette National Forest, McCall, Idaho


Supervised field data collection, wrote NEPA, reports and biological assessments.

1994   Fish & Wildlife Biologist, US Fish & Wildlife Service, Boise, Idaho


Regulated Forest activities, conducted bull trout status review in Jarbidge basin.

1992-1994  Fisheries Biologist, Rocky Mountain Experiment Station, Boise, Idaho


Responsible for the Desired Future Conditions Project and managed database.

1991-1992 Fisheries Technician, Idaho Department of Fish and Game, Heise, Idaho


Surveyed and mapped the South Fork Snake River for in-stream flow study. 

Membership in Professional and Scholarly Organizations:

American Fisheries Society


Society for Conservation Biology

Selected Relevant Publications:

Armstrong, R. A. and P. A. Kucera. 1999.  Salmonid gamete preservation in the Snake River basin.  1998 Annual Report to BPA.  Project number 97-03800.

Armstrong, R. A. and P. A. Kucera. 2000.  Salmonid gamete preservation in the Snake River basin.  1999 Annual Report to BPA.  Project number 97-03800.

Armstrong, R. A. and P. A. Kucera. 2001.  Salmonid gamete preservation in the Snake River basin.  2000 Annual Report to BPA.  Project number 97-03800.

Cloud, J. G., R. D. Armstrong, P. A. Wheeler, P. A. Kucera and G. H. Thorgaard. 2000.

Northwest salmonid germplasm repository: A model for genetic conservation. In “Cryopreservation in Aquatic Species”, Advances in World Aquaculture, Vol. 7 (T. R. Tiersch and P. M. Mazik, eds.). Published by the World Aquaculture Society. Pp. 338-342.

Faurot, D., R. D. Armstrong, P. A. Kucera, and M. l. Blenden. 1998.  Cryopreservation of adult male spring and summer chinook salmon gametes in the Snake River basin.  1997 Annual Report to BPA.  Project number 97-03800.

NAME:  Cloud, Joseph G.



TITLE:  Professor of Zoology

ORGANIZATION:  University of Idaho Department of Biological Sciences

OFFICE LOCATION:  258 Life Sciences Building, Moscow, Idaho


OFFICE PHONE:  (208) 885-6388   FAX: (208) 885-7905  

EMAIL:  jcloud@uidaho.edu

EDUCATION:
Ph.D. (Reproductive Physiology/Endocrinology), University of Wisconsin-Madison, 1974

M.S. (Reproductive Physiology/Endocrinology), University of Wisconsin-Madison, 1968

B.S. (Physiology/Animal Science), West Virginia University, 1966

TEACHING AND RESEARCH EXPERIENCE: 

1977-present, Professor, Associate Professor, Assistant Professor of Zoology, Univ. of Idaho

1983-1984, Visiting Professor, University of Minnesota 

Summers of 1980-1983, 1985-1986, Investigator at the Friday Harbor Laboratories,Univ. WA

1976-1977, Assistant Professor, Johns Hopkins University

1974-1976, Post-Doctoral Fellow, Johns Hopkins University

Summers of 1973,1975,1976, Research Associate/Investigator, Marine Biological

Laboratory, Woods Hole, MA

HONORS AND AWARDS

Gamma Sigma Delta Award for Excellence in Teaching, University of Idaho, 1981

Associated Students of the University of Idaho Outstanding Faculty Award, 1985

Phi Kappa Phi Honor Society Distinguished Faculty Member, 1996 

Membership in Professional and Scholarly Organizations
American Association for the Advancement of Science


Society for the Study of Reproduction

American Fisheries Society

Sigma Xi,  Phi Kappa Phi

World Aquaculture Society

EXPERTISE:

Dr. Cloud is a reproductive physiologist specializing in salmonids.  He was instrumental in the establishment of the Snake River germplasm repository and has personally overseen all of the cryopreserved salmonid germplasm in the two freezer tanks in his laboratory.  Dr. Cloud is responsible for the operation and maintenance of a short and a long-term storage tank.  He regularly coordinates cryopreservation activities and advises the project leader on matters of consequence.  He is on the leading research edge of cryopreservation of aquatic species and is currently on working on the technology involved in freezing female salmonid genetic material.  

Selected Relevant Publications:
Bencic, D.C., R. L. Ingermann and J. G. Cloud. (in press) Does CO2 enhance short-term storage

   
 success of chinook salmon (Oncorhynchus tshawytscha) milt? Theriogenology 

Bencic, D.C., J. G. Cloud and R. L. Ingermann. Carbon dioxide reversibly inhibits

   
 sperm motility and fertilizing ability in steelhead trout  (Oncorhynchus mykiss). Fish Physiology and Biochemistry (in press)

Bencic, D. C., M. Krisfalusi, J.G. Cloud and R.L. Ingermann. 2000. Short-term storage of salmonid sperm in air versus oxygen. North American Journal of Aquaculture 62:19-25.  

Cloud, J. G. 2000. Post-thaw fertility of salmonid sperm relative to time of freezing after

    
collection. In “Cryopreservation in Aquatic Species”, Advances in World Aquaculture, Vol 7 (T.R. Tiersch and P.M. Mazik, eds) Published by the World Aquaculture Society. Pp. 101-103.

Krisfalusi, M., P.A. Wheeler, G.H. Thorgaard and J.G. Cloud. 2000. Gonadal morphology of female diploid gynogenetic and triploid rainbow trout. Journal of Experimental Zoology  286:505-512. 

Cloud, J.G., R. Armstrong, P.A. Wheeler, P.A. Kucera and G.H. Thorgaard. 2000.

Northwest salmonid germplasm repository: A model for genetic conservation. In “Cryopreservation in Aquatic Species”, Advances in World Aquaculture, Vol 7 (T.R. Tiersch and P.M. Mazik, eds). Published by the World Aquaculture Society. Pp. 338-42.

Thorgaard, G.A., P.A. Wheeler, J.G. Cloud and T.R. Tiersch. 1998. Gene banking for

endangered fishes in the United States. Action Before Extinction: an International

Conference on Conservation of Fish Genetic Diversity (Harvey, B.J., ed). Published By World Fisheries Trust, Victoria, Canada. pp 181-185. 

Thorgaard, G.H., P.A. Wheeler and J. G. Cloud. 1998. Status and potential value of

sperm banking for Snake River salmon. Proceedings of the Columbia River

Anadromous Salmonid Rehabilitation and Passage Symposium (E.L. Brannon and

W.C. Kinsel, eds.). Published by the University of Idaho Aquaculture Research

Institute, Moscow, ID. pp 51-56.

 Thorgaard, G.H. and J.G. Cloud. 1993. Reconstitution of genetic strains of salmonids

using biotechnical approaches. In: “Genetic Conservation of Salmonid Fishes". (J.G. Cloud and G.H. Thorgaard, eds.) Plenum Press, New York, pp. 189-196.

Nilsson, E.E. and J.G. Cloud. 1993. Cryopreservation of rainbow trout (Oncorhynchus


mykiss) blastomeres. Aquat. Living Res. 6:77-80.

Cloud, J.G., W.H. Miller and M.J. Levanduski. 1990. Cryopreservation of salmon sperm

as a means to transfer genes from wild fish to hatchery populations: A field 

evaluation. Prog. Fish Cult. 52:51-53.

OTHER PUBLICATIONS:

Genetic Conservation of Salmonid Fishes, 1993, (J.G. Cloud and G.H. Thorgaard, eds.) Plenum Press, New York, NY; 314 pages

Cryopreservation of Salmonid Sperm, 1997, (J.G. Cloud and Craig Osborne / 44 pages; manual for sperm cryopreservation workshop).

PAPERS PRESENTED AT SCHOLARLY MEETINGS:

Cloud, J.G., Robyn Armstrong, Paul A. Kucera, Paul Wheeler, Gary H. Thorgaard. 1999.

    
Cryopreservation of anadromous salmonid milt: A tool for genetic conservation of 

fishes. Presented at the World Congress of Cryobiology, Marseille, France (invited presentation).

Thorgaard, G.A., P.A. Wheeler, J.G. Cloud and T.R. Tiersch. 1998. Gene banking for

    
endangered fishes in the United States. Action Before Extinction. Vancouver, B.C.

Cloud, J.G. 1997. Cryopreservation of salmonid sperm: The utility and the precautions.

World Aquaculture ‘97, Seattle, WA.

Nilsson, E.E. and J.G. Cloud. 1992. Cryopreservation of isolated blastomeres from

rainbow trout blastulae. Workshop on Gamete and Embryo Storage and

Cryopreservation in Aquatic Organisms, Marly le Roy, France.

Cloud, J.G. Provided testimony concerning the development of a germplasm repository

    
for endangered salmon in the Northwest before the U.S. Senate Environmental and Public Works’ Subcommittee on Drinking Water, Fisheries and Wildlife on October 8, 1998 in Washington, DC (Published in the Congressional Record).

NAME:  Gary H. Thorgaard

PRESENT ADDRESS: School of Biological Sciences, Washington State University, 

Pullman, Washington 99164-4236

PHONE:  509-335-7438   FAX:  509-335-3184 

EMAIL: thorglab@wsu.edu

EDUCATION AND EXPERIENCE:  

Oregon State University, Corvallis, OR, 1969-73, B.S., Zoology (Honors) received June, 1973. 

University of Washington, Seattle, WA, 1973-77, graduate student in the Department of Genetics, Ph.D. received December 1977. 

Dissertation topic:  Chromosome Rearrangements and Sex Chromosomes in the Rainbow Trout and Sockeye Salmon. 

University of California, Davis, CA, Department of Animal Science,

Professor of Genetics and Zoology, Washington State University, Pullman, WA, 

August 1990- present,   

Chair, Department of Zoology, August 1991-August 1999 

Director, School of Biological Sciences, August 1999- present

RESEARCH EXPERIENCE:

Undergraduate research at Oregon State University in the laboratory of Dr. George D. Pearson on a DNA hybridization study of the evolutionary relationship of the chum salmon, the coho

salmon, and the rainbow trout, 1972-73.

Graduate Research at the University of Washington in the laboratory of Dr. Stanley M. Gartler.  My dissertation research was on trout and salmon cytogenetics.  I obtained additional

experience in the isolation of cell culture mutants in Dr. Gartler's lab and in starch gel electrophoresis under the supervision of Dr. Fred M. Utter, 1974- 77.

Postdoctoral research on trout cytogenetics in Dr. Graham Gall's laboratory at the University of California, Davis, 1978-79. 

Professional leave to learn basic molecular biology methods in Dr. George Bailey's laboratory at Oregon State University, January - May 1987.

Research on induced polyploidy, gynogenesis and androgenesis in trout at Washington State University, 1979-present.  Research on DNA polymorphisms in trout and salmon at Washington State University, 1987-present.

MEMBERSHIP IN:  

     Genetics Society of America


     American Society of Ichthyologists and Herpetologists


     Phi Kappa Phi          


     Sigma Xi
 

     American Association for the Advancement of Science (Elected Fellow)
      

     American Fisheries Society 

     International Association for Genetics in Aquaculture

EXPERTISE:

Dr. Thorgaard is a geneticist specializing in salmonids and Director of the School of Biological Sciences at Washington State University.  He was instrumental in the establishment of the Snake River germplasm repository.  He advises the project leader and attends annual coordination meetings.  His laboratory has conducted the steelhead genetic analysis on the fish cryopreserved in 1999 and 2000.

PUBLICATIONS:

Scheerer, P.D. and G.H. Thorgaard, 1989. Improved fertilization by cryopreserved rainbow trout semen with theophylline.  Progve. Fish-Cult. 51: 179-181.

Wheeler, P.A. and G.H. Thorgaard, 1991.  Cryopreservation of rainbow trout semen in large straws.  Aquaculture 93: 95-100.

Thorgaard, G.H. and J.C. Leong, 1992.  Biotechnology in aquaculture.  In:  Aquaculture 

Research Needs for 2000 A.D.  Mohan Primlani, New Delhi, India, pp. 205-223.

Cloud, J.G. and G.H. Thorgaard, eds., 1993.  Genetic Conservation of Salmonid Fishes.  NATO ASI Series A:  Life Sciences Vol. 248. Plenum Press, New York, 314 pp.

Thorgaard, G.H. and J.G. Cloud, 1993.  Reconstitution of genetic strains of salmonids using biotechnical approaches.  In:  Genetic Conservation of Salmonid Fishes, J.G. Cloud and G.H. Thorgaard, eds., NATO ASI Series A:  Life Sciences Vol. 248.  Plenum Press,New York, pp. 189-196.

Cummings, S. A. and G.H. Thorgaard, 1994.  Extraction of DNA from fish blood and sperm.  BioTechniques 17:  426-430.

Thorgaard, G.H., 1995.  Biotechnological approaches to broodstock management.  In:  

Broodstock Management and Egg and Larval Quality. N. Bromage, ed.  Blackwell, London., pp. 76-93.

Young, W.P., P.A. Wheeler and G.H. Thorgaard, 1995.  Asymmetry and variability of meristic characters and spotting in isogenic lines of rainbow trout. Aquaculture 137: 67-76.

Thorgaard, G.H., P. Spruell, S.A. Cummings, A.S. Peek and E.L. Brannon, 1995.  Mixed DNA fingerprint analysis differentiates sockeye salmon populations.  American Fisheries Society Symposium 17: 295-303.

Palti, Y., J.E. Parsons and G.H. Thorgaard, 1997.  Assessment of genetic variability among strains of rainbow and cutthroat trout using multilocus DNA fingerprints.  Aquaculture  149: 47-56.

Cummings, S.A.,  E. L. Brannon, K.J. Adams and G.H. Thorgaard, 1997.  Genetic analyses to establish captive breeding priorities for endangered Snake River sockeye salmon.  Conservation Biology 11: 662-669.

Thorgaard, G.H., P.A. Wheeler and J.G. Cloud, 1998.  Status and potential value of sperm banking for Snake River salmon.   In:  Proceedings of the Columbia River Anadromous Salmonid Rehabilitation and Passage Symposium.  E.L. Brannon and W.C. Kinsel, eds.  University of Idaho, Moscow, pp.  51-56. 

Thorgaard, G.H., P. A. Wheeler, J.G. Cloud and T.R. Tiersch, 1998.   Gene banking efforts for endangered fishes in the United States.  In:  Action before Extinction: An International Conference on Conservation of Fish Genetic Diversity.  B. Harvey, C. Ross, D. Greer and J. Carolsfeld,  eds.   World Fisheries Trust, Victoria, British Columbia,  pp.  181-185.

Thorgaard, G.H., P.A. Wheeler and R.D. Fields, 2000.  Utilization of androgenesis for strain recovery from cryopreserved sperm.   In:  Cryopreservation in Aquatic Species.  Advances in World Aquaculture, vol. 7.  T.R. Tiersch and P.M. Mazik, eds.  World Aquaculture Society, Baton Rouge, Louisiana, USA.  pp. 305-309.

Cloud, J.G., R. Armstrong, P. Wheeler, P. A. Kucera and G.H. Thorgaard, 2000.  The Northwest salmonid germplam repository. In:  Cryopreservation in Aquatic Species.  Advances in World Aquaculture, vol. 7.  T.R. Tiersch and P.M. Mazik, eds.  World Aquaculture Society, Baton Rouge, Louisiana, USA.  pp. 338-342.

NAME:  Paul  A. Wheeler
PRESENT ADDRESS:  School of Biological Sciences, Washington State University,




   Pullman, WA 99163-4236               

EDUCATION:  Washington State University, Pullman, WA.  B.S. Animal Science, 1984.

PHONE:  509-335-1526   FAX:  509-335-3184 

EMAIL: pwheeler@wsunix.wsu.edu

EDUCATION AND EXPERIENCE:  

Washington State University; Program in Cell Biology.  Research Associate. 1984-1986.

University of Idaho Fish and Wildlife Co-op Unit.  Biologist.  1986-1988.

Washington State University; School of Biological Sciences.  Research Technologist. 1988-present.

MEMBERSHIP IN:

American Fisheries Society

EXPERTISE:

Paul Wheeler is a researcher in charge of running Thorgaard’s laboratory and research hatchery.   He was instrumental in the establishment of the Snake River germplasm repository and has overseen most of the cryopreserved salmonid germplasm in the two freezer tanks in his laboratory.  Paul is responsible for the operation and maintenance of a short and a long-term storage tank.  He regularly coordinates cryopreservation activities and advises the project leader on relevant matters of consequence.  He is on the hands-on hatchery operation manager, tending isogenic rainbow trout lines for research.

Selected Relevant Publications:
Wheeler, P.A. and G.H. Thorgaard, 1991.  Cryopreservation of rainbow trout semen in large straws.  Aquaculture 93: 95-100.

Thorgaard, G.H.,  P.A. Wheeler and J.G. Cloud, 1998.  Status and potential value of sperm banking for Snake River salmon.   In:  Proceedings of the Columbia River Anadromous Salmonid Rehabilitation and Passage Symposium.  E.L. Brannon and W.C. Kinsel, eds.  University of Idaho, Moscow, pp.  51-56. 

Thorgaard, G.H., P. A. Wheeler, J.G. Cloud and T.R. Tiersch, 1998.   Gene banking efforts for endangered fishes in the United States.  In:  Action before Extinction: An International Conference on Conservation of Fish Genetic Diversity.  B. Harvey, C. Ross, D. Greer and J. Carolsfeld,  eds.   World Fisheries Trust, Victoria, British Columbia, pp. 181-5.

Thorgaard, G.H., P.A. Wheeler and R.D. Fields, 2000.  Utilization of androgenesis for strain recovery from cryopreserved sperm.   In:  Cryopreservation in Aquatic Species.  Advances in World Aquaculture, vol. 7.  T.R. Tiersch and P.M. Mazik, eds.  World Aquaculture Society, Baton Rouge, Louisiana, USA.  pp. 305-309.

Cloud, J.G., R. Armstrong, P. Wheeler, P. A. Kucera and G.H. Thorgaard, 2000.  The Northwest salmonid germplasm repository. In:  Cryopreservation in Aquatic Species.  Advances in World Aquaculture, vol. 7.  T.R. Tiersch and P.M. Mazik, eds.  World Aquaculture Society, Baton Rouge, Louisiana, USA.  pp. 338-342.

Nagler, J.J., J.G. Cloud, P.A. Wheeler and G.H. Thorgaard, 2001. Testis transplantation in male rainbow trout  (Oncorhynchus mykiss). Biol. Reprod.: in press.

NAME:  Kucera, Paul

TITLE:  Director of Biological Services

ORGANIZATION:  Nez Perce Tribe 

DEPARTMENT:  Department of Fisheries Resources Management, Research Division
OFFICE LOCATION:  Sweetwater, Idaho


OFFICE PHONE:  (208) 843-7145 x 3042 fax (208) 843-7310

EMAIL: paulk@nezperce.org

EDUCATION:
M.S., 1987, University of Idaho, Major: Fisheries Management.

B.S., 1975, Utah State University, Major: Fisheries Management.

EXPERIENCE   
1992-present

Acting Fisheries Program Manager for a six month period and currently as Director of Biological Services with the Nez Perce Tribe Department of Fisheries Resources Management.  Responsible for research projects, Department program direction and administration of the Fisheries Research Division.

1988-1991

Senior Fisheries Biologist with the Nez Perce Tribe Fisheries Department.  Adult salmon population status monitoring and LSRCP hatchery evaluation studies in major river subbasins in the Snake River.

1987-1988

Acting Fisheries Program Manager with the Nez Perce Tribe Fisheries Department.  Responsible for fisheries program management and direction.

1984-1986

Senior Fisheries Biologist with the Nez Perce Tribe Fisheries Department.  Conducted research on juvenile steelhead trout life history characteristics and abundance in relation to physical habitat parameters on five streams.

1982-1983

Project fisheries biologist with the Nez Perce Tribe Fisheries Department.  Responsible and coordinated a physical and biological inventory of streams on the reservation proper with emphasis on anadromous salmonids.

1978-1980

Fisheries biologist with the Colville Confederated Tribes Fish and Wildlife Department.  Developed fishery management programs for the Colville Tribe on their 1.3 million acre reservation and the 1.7 million acre ceded area.

1975-1978

Fisheries research biologist with W.F. Sigler and Associates, Environmental Consulting Firm.  Ecological and fish life history research on 110,000 acre Pyramid Lake, Nevada.

EXPERTISE:

Mr. Kucera has 25 years professional experience as a Fisheries Biologist in research, management, and administration and is a Certified Fisheries Scientist through the American Fisheries Society.  Experienced with Endangered Species Act and management of listed fish species.  Ecological and fish life history research on anadromous and resident fish species.  Population dynamics experience on Snake River Pacific salmon.

Management experience with resident and anadromous species.  Snake River water rights adjudication experience.  Familiar with Columbia River basin fisheries management issues.  He has been involved with salmon spawning ground surveys in the Snake River basin since 1986, with concentrated effort in the South Fork Salmon River.  Responsible for the administration and technical program direction of the Fisheries Research Division.  Mr. Kucera initiated this project through the Nez Perce Tribe with the cryopreservation of chinook salmon in Big Creek in 1992.  He has been instrumental in getting this project funded and providing leadership and direction.

Membership in Professional and Scholarly Organizations:
American Fisheries Society

Nature Conservancy

Selected Relevant Publications:
Kucera, P.A. 1978.  Reproductive biology of the tui chub, Gila bicolor, in Pyramid Lake, Nevada.  Great Basin Naturalist. 38(2): 203-207.

Sigler, W.F., W.T. Helm, P. A. Kucera, S. Vigg and G. W. Workman.  1983.  Life history of the Lahontan cutthroat trout, Salmo clarki henshawi, in Pyramid Lake, Nevada.  Great Basin Naturalist 43(1): 1-29. 

Kucera, P.A., D.L. Koch and G.F. Marco.  1985.  Introductions of Lahontan cutthroat trout into Omak Lake, Washington.  North Amer. Jrnl. Of  Fish. Mngt. 5(2): 296-301
Kucera, P.A.  1998.   Nez Perce Tribe vision of the future for chinook salmon management in the South Fork Salmon River.  Pages 177-185 in Proceedings of the Lower Snake River Compensation Plan Status Review Symposium.  February 3-5, 1998.  U.S. Fish and Wildlife Service, Boise, Idaho.

Kucera, P.A. and M.L. Blenden.  1998.  Emigration of hatchery and natural chinook salmon from the Imnaha River.  Pages 141-153 185 in Proceedings of the Lower Snake River Compensation Plan Status Review Symposium.  February 3-5, 1998.  U.S. Fish and Wildlife Service, Boise, Idaho.

Kucera, P.A. and M.L. Blenden.  1999.  Chinook salmon spawning ground survey in Big Creek and tributary streams of the South Fork Salmon River, Idaho, 1992-1995.  Assessment of the status of salmon spawning aggregates in the Middle Fork Salmon River and South Fork Salmon River.  Technical Report 99-7.  Nez Perce Tribe Department of Fisheries Resources Management, Lapwai, Idaho.

Armstrong, R. and P.A. Kucera. 1999.  Salmonid Gamete Preservation in the Snake Basin, 1998. Annual Report to Bonneville Power Administration, Portland OR, Contract 97-AM30423, Project 97-038-00.  BPA Report DOE/BP-30423-3. Nez Perce Tribe Department of Fisheries Resources Management, Lapwai, Idaho.

Armstrong, R. and P.A. Kucera. 2000.  Salmonid Gamete Preservation in the Snake Basin, 1999. Annual Report to Bonneville Power Administration, Portland OR, Contract 97-AM30423, Project 97-038-00, and U.S. Fish and Wildlife Service, Cooperative Agreement No. 141109J003. Nez Perce Tribe Department of Fisheries Resources Management, Lapwai, Idaho.

Faurot, D., R. Armstrong, P.A. Kucera, and M.L. Blenden.  1998.  Cryopreservation of sdult male spring and summer chinook salmon gametes in the Snake River basin, 1997.  Annual Report to Bonneville Power Adminstration, Portland, OR Contract 97-AM-30423, Project 9703800. BPA Report DOE/BP-30423-2).

Faurot, D. and P.A. Kucera.  2001.  Adult chinook salmon abundance monitoring in the Secesh River and Lake Creek, Idaho, 1999.  Annual report to Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  Lapwai, ID.

NAME:  Hesse, Jay



TITLE:  Research Coordinator 

ORGANIZATION:  Nez Perce Tribe

DEPARTMENT:  Department of Fisheries Resources Research Division

OFFICE LOCATION:  Sweetwater, Idaho

OFFICE PHONE:  (208) 843-7145 x 3040   FAX: (208) 843-7310  

EMAIL:  jayh@nezperce.org

EDUCATION:
M.S., 1994, Michigan State University

B.S, 1992, Michigan State University

EXPERIENCE: 

Mr. Hesse has seven years professional experience as a Fisheries Research Biologist and as the Research Coordinator.  He is responsible for the technical direction and supervision of fisheries research projects, research coordination, and research representative at state and federal meetings.  

Membership in Professional and Scholarly Organizations:
American Fisheries Society

Selected Relevant Publications:
He has authored or co-authored peer-reviewed fisheries publications and numerous project reports including salmon population status reports in the Snake River basin.

Appendix  
[image: image1.jpg]$FILES

20’

CONCRETE PAD FOR
L1QUID NITROGEN
STORAGE TANK

25'

92’

OUTSIDE
é{//////_-STORAGE

FUTURE BUILDING
k///////___ EXPANSION AREA

VAN

/

OUTSIDE |

STORAGE ——a\\\\\\\\\\J

STORAGE
ROOM
14'x52"

LY\

S

MECHANI[CAL/

ELECTRICAL ROOM COLD ROOM
14" %20’ 14'x17

™\

COLD ROOM
14'x17’

7 /

GAMETE
TESTING AREA Lﬁg?%ﬁL?RY
14' %26’

N/

CONFERENCE ROOM
26" x37’

il

o0

RECEPTION AREA >

RESTROOM

'> RESTROOM v

BREAK ROOM
14’ x20"

NeXe
S

OFF ICE_AREA
20" x22°

FLOOR PLAN

SCALE IN FEET

NEZ PERCE TRIBE

REGIONAL SALMONID GERMPLASM REPOSITORY

< FISHPRO





� EMBED MSPhotoEd.3  ���








�PAGE \# "'Page: '#'�'"  ��Thank you for completing the form. Email this document and Part 1 per instructions.





44

[image: image4.png]


_1020726823.bin

