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Title: Establishing a Regional Salmonid Germplasm Repository for Populations Listed under the Endangered Species Act

Section 3. Project description

Provide project detail for headings a through g. 

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 distinct evolutionary significant units are quickly approaching this point. Without immediate intervention, the genetic diversity contained within these fish populations will be lost (NMFS 2000a).  Since salmonid sperm can be successfully cryopreserved and stored in liquid nitrogen for extended periods and because spermatozoa are germ cells that contribute their genes to subsequent generations, the present genetic composition of all ESA-listed anadromous salmonid populations can be conserved immediately by collecting and cryopreserving spermatozoa from representative males in these populations.  A program of genetic conservation using cryobiology already exists within the system.  Established in 1992 as a cooperative effort of the Nez Perce Tribe, the University of Idaho and Washington State University, a 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 sperm bank program must be expanded and upgraded to meet this objective.  Using the experience gained in the development of the Snake River sperm bank, the objective of this proposal is to immediately establish a regional germplasm repository for ESA-listed chinook salmon and steelhead, bull trout and other rare salmonids.  A facility to house the proposed Regional Salmonid Germplasm Repository will be constructed adjacent to the University of Idaho.  This facility will have 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.  This is a high priority project because specific genes or combinations of genes may be lost forever.  Alternatively, the development of a comprehensive fish germplasm repository for populations at risk can provide a tangible and quantitative solution to this potential loss. 

b. Justification as high priority

A number of populations of chinook salmon and steelhead within the Columbia River Basin are at risk. With decreases in population size 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.  Failure to implement this program in 2001 will potentially result in the irretrievable loss of genetic resources.  The existing project is limited to the Snake River Basin, personnel constraints, and time to adequately preserve gametes in the Columbia River Basin. Alternatively, by immediately establishing a regional program to collect and cryopreserve sperm from representative males, the genetic composition of these populations can be available to present and future generations of fish managers as a tool to maintain or to improve their specific populations. 

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.  This proposed project would function in collaboration with the existing BPA-funded Gamete Preservation project that collects the gametes, to cryopreserve and store ESA-listed salmonid gametes.

All construction permits will be in hand by September 30, 2001; work is expected to commence at this time, if not before. 

c. Rationale and relationship to criteria for high priority projects adopted in the 2000 Fish and Wildlife Program

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 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 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.  IV.C.6  The biological diversity of the listed species must be maintained, and particular attention must be paid to the array of genomes.

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 maximal  post-thaw fertility.

d. Relationships to other projects 
This project proposal is intended to extend the capabilities and the capacity of the presently supported Snake River Germplasm Repository (BPA Project number 97-03800).   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 96-04300), the Lower Snake River Compensation Plan Hatchery Production (BPA Project number 1936-LSRC), the Grande Ronde Spring Chinook Captive Broodstock Project (BPA Project number 98-00702), the Grande Ronde Supplementation - Lostine River Monitoring and Evaluation Project (BPA Project number 98-007702) and the Idaho Power and Idaho Department of Fish and Game Pahsimeroi and Rapid River Fish Hatchery.

e. Proposal objectives, tasks and methods
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 quantitated relative to the effort or monetary investment.

Objective 1.  Establish a regional salmonid germplasm repository.

Objective 2.  Define goals of the regional salmonid germplasm repository.

Objective 3.  Transfer of technology.

Objective 4.  Apply cryogenic technology to ESA-listed salmonids. 

Objective 5.  Coordinate the activities of the Regional Salmonid Germplasm Repository with other co-managers in the basin.

Objective 6.  Manage the physical salmonid germplasm. 

Objective 1. Establish a regional salmonid germplasm repository.

Tasks

a. Engineer design of a regional salmonid germplasm repository.

b. Obtain all necessary permits and do NEPA requirements.

c. Construct a regional salmonid germplasm repository.

d. Purchase equipment for laboratory and storage facilities.

e. Maintain storage facilities for preservation of genetic material. 

The first objective will be met by the engineering design and construction of a new building in 2001 to house the regional salmonid germplasm repository; 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, a classroom/conference room and office space.  The laboratory will be outfitted with appropriate equipment to evaluate the sperm prior to freezing, to produce on site all media required, to process the genetic material for cryopreservation.  The freezer tanks or dewars 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 (this system monitors the oxygen levels in the room air) to alert through a telephone system the repository personnel of a tank failure.  

Objective 2.  Define the goals of the regional salmonid germplasm repository.

Tasks

a. Determine the number of spawning aggregates and/or subbasin from which to cryopreserve materials. 

b. Coordinate with local management agencies to store genetic material from the particular spawning aggregates and/or subbasin.

Define the regional germplasm repository project goals for gene banking of gametes from steelhead and chinook salmon populations at high risk of extirpation.  Success is not only measured in the quantity of samples collected but in the fact that we are preserving unique genetic material. 

Objective 3.  Transfer of technology. 

Tasks

a.
Facilitate data dissemination within the region.

b.
Write annual and quarterly reports. 

c.   Provide annual reports to NMFS which summarizes project activities under ESA. 

     

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, at conferences and at conferences also.  

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.  

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.

Objective 4.  Apply cryogenic technology to ESA-listed salmonids.  

Tasks

a. Set up state-of-the-art cryogenic laboratory.

b. Preserve gamete samples on-site.

c. Keep current of cryogenic technology.

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 Columbia Basin.  Milt, collected either streamside or in the hatchery will be shipped on ice at 4o C in Whirlpac bags via overnight delivery to the cryobiology laboratory adjacent to the University of Idaho. 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 (this decision is made by the fish manager that requested the service). 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 (see 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 quality of the sperm is estimated by the proportion of sperm that initiate motility following the addition of an appropriate activating solution.  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. The straws and the goblets will be printed at this facility; all straws used in the laboratory will have both a 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 in two different parts of the building.  These locations were selected to be as far apart as possible for safety and to be in the same complex to simplify the transport of the cryopreserved sperm from one storage location to the other. Both spaces 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 system. 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 5.  Coordinate the activities of the Regional Salmonid Germplasm Repository with other co-managers in the basin.

Tasks

a. Identify and meet with other agencies and Tribes to collaborate efforts with storage and use of genetic materials.

b. Educate and inform State, Federal, Tribal agencies and the public about the regional germplasm repository program. 

Personnel with this proposed project would 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 identify and 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.  Communication is crucial to management of listed species, especially Pacific salmonids since anadromy covers a variety of habitats, states and political jurisdictions

Objective 6.  Manage the physical salmonid germplasm.


Tasks

a. Develop criteria for the use of the germplasm.

b. Manage germplasm inventory.

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 location for as a safeguard to protect against catastrophic events that could destroy all germplasm samples if they were stored at one location.

. 

f. Facilities and equipment
This project proposes to purchase the following: 

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

B. Straw / goblet printer (prints both letters and numbers and bar code)

C. Bar code reader system

D. Computer

E. Semen straw filling and sealing system

F. Liquid nitrogen tanks (four; 1370 liter capacity)

These equipment items are requested in order to convert from manual filling of the semen straws, to make the evaluation process more reliable and to handle the increase large volume of materials that are anticipated. These equipment items will be housed in the Regional Salmonid Germplasm Repository.  The site for this facility is anticipated to be in the Alturis Technology Park, Moscow; the purchase price for a one acre lot within this research part is approximately $78,000 and the cost of the building will be approximately $92 / square foot.  
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Paul Kucera is the Director of Biological Services for the Nez Perce Tribe Department of Fisheries Resources Management Research Division.  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.  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. He has authored or co-authored eight peer-reviewed fisheries publications and numerous project reports including salmon population status reports in the Snake River basin.  Responsible for the administration and technical program direction of the Fisheries Research Division.  This Position fills 0.02FTE.
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