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Section 9 of 10. Project description

a.  Abstract 
 

This project seeks to detect and quantify levels of introgression from hatchery produced O. mykiss within native Yellowstone cutthroat trout populations and native redband trout populations.  This project will also assess genetic diversity and genetic population structure within Yellowstone cutthroat and redband trout throughout the Middle and Upper Snake Provinces. This project will provide the genetic information fisheries managers require to assess risk, and to protect and restore these two ecologically and economically important native species.  Specifically, this genetic information will assist in prioritization of populations for conservation and management purposes, as well as identifying suitable populations for translocations, reintroductions, and all currently proposed or ongoing broodstock development programs.  

b. Technical and/or scientific background
Management and conservation of Yellowstone cutthroat trout Oncorhynchus clarki bouvieri populations and native, redband trout Oncorhynchus mykiss gairdneri populations have become high priorities for many state and federal agencies due to dramatic population declines throughout their historic native ranges (Williams et al. 1996; Thurow et al.1988; Behnke 1992; May 1996).  Both species have been petitioned for listing as threatened under the Endangered Species Act (Biodiversity Legal Foundation et al. 1994; 1998), and both species are recognized as a “species of special concern” or a “sensitive species” by the U.S. Fish and Wildlife Service, the U.S. Forest Service, The Bureau of Land Management, the American Fisheries Society, and all states throughout their historic range (Thurow et al. 1988; IDFG 2000; Clancy 1988; Wyoming Game and Fish Department 2000; Gresswell 1995). 

Population declines of both species are due to a variety of complex, contributing factors, including habitat degradation, over-fishing, and the extensive stocking of non-native, hatchery-produced, rainbow trout Oncorhynchus mykiss, which have hybridized with or replaced native Yellowstone cutthroat trout and native, redband trout populations throughout their historic native range (Varley and Gresswell 1988; Behnke 1992).  Management response to these declines has likewise been complex and has involved numerous private, state and federal agencies working together for the purpose of outlining recovery and conservation strategies.  The results of these collaborations have been the production of detailed management planning documents that have stressed as goals and objectives the importance of:

· Identifying and conserving remaining pure, native, trout populations and the genetic diversity present within them, and 

· Increasing the number of trout populations within their native range through habitat improvements, translocations and hatchery supplementation. 

However, current management plans are severely hampered in reaching these objectives by the lack of the required genetic information needed for effective conservation and restoration efforts.  This project serves to provide detailed genetic information with regards to levels of hybridization and introgression, genetic diversity, and genetic population structure of Yellowstone cutthroat and redband trout populations throughout the Middle and Upper Snake River Basins.  The information gained from this project should help managers directly in:

· Assessing current and future genetic risks,

· Assessing the predictive power of Idaho Department of Fish and Game’s (IDFG) Historical Stocking Database in quantifying hybridization and introgression rates,

· Preserving existing genetic variability,

· Delineating and prioritizing populations for conservation and management purposes,

· Estimating effective population size,

· Understanding genetic population structure,

· Identifying suitable populations for translocations and reintroductions,

· Identifying suitable populations for broodstock development, and

· Addressing genetic concerns in future ESA petitions.

In this study, three different, but complementary, genetic techniques will be used to address the proposal objectives.  The first phase of this project will involve a genetic screen for rainbow trout introgression using mitochondrial DNA (mtDNA) and nuclear DNA (nDNA) markers within designated sample locations throughout the range of Yellowstone and redband trout in the Middle and Upper Snake River Provinces.  This screen will allow an assessment of the predictive power of the Idaho Historical Stocking Database in quantifying hybridization and introgression rates (and therefore a good predictor of risks to cutthroat trout populations from historical rainbow trout stocking), and will allow identification of non-introgressed populations for further genetic analysis.  The second phase of this project will involve a more detailed and comprehensive genetic study using an array of microsatellite loci to determine genetic diversity and genetic population structure of Yellowstone cutthroat trout and redband trout populations in the Middle and Upper Snake River Provinces.

c. Rationale and significance to Regional Programs
The rationale behind this project is to provide critically needed genetic information to aid state and federal agencies in the protection, restoration, and prioritization of native resident trout populations in the Upper and Middle Snake River Provinces.  The genetic information obtained from this project will directly assist managers in meeting the goals and objectives for resident fish outlined in the 2000 Fish and Wildlife Program (NPPC 2000) that state:

“Restore native resident fish species (subspecies, stocks and populations) to near historic abundance throughout their historic ranges where original habitat conditions exist and where habitats can be feasibly restored”. 
And: 

“Complete assessments of resident fish losses throughout the basin resulting from the hydrosystem, expressed in terms of the various critical population characteristics of key resident fish species”. 

This project also addresses goals and objectives directly outlined for resident fish in the 1994 Fish and Wildlife Program (FWP), Section 10 (NPPC 1994) or goals and objectives that the Council “believes should be applied to resident fish” (Section 7.1).  The 1994 FWP states that a:
“Thorough and comprehensive approach to conserving genetic diversity is needed for native species”  (Section 10.2B)

And requests a recommendation for the:

“Approach to identify provisional genetic conservation units for production and harvest, and rules for taking action with regard to those conservation units” (Section 7.1B.1).

Numerous additional state and regional conservation and management summaries have identified the need for genetic information with regards to hybridization and introgression, genetic diversity, and genetic population structure of native resident trout populations.  The most notable examples of these requests for genetic information are outlined below:  

1. Middle and Upper Snake River Basin Summaries 2001 (NPPC 2001).

The Statements of Fish and Wildlife Needs in the Subbasin summaries for the Middle and Upper Snake Provinces clearly identify the need for the genetic work outlined in this proposal:

“Use genetic markers to detect and quantify levels of hatchery produced O. mykiss introgression within native Yellowstone cutthroat trout populations and to delineate genetic population structure of Yellowstone cutthroat trout throughout their historic range. This fundamental genetic information with regards to introgressive hybridization and genetic population structure is needed to identify remaining pure populations, preserve existing genetic variability, and identify population segments for the development of management plans and the designation of conservation units/management units”.

“Compare rates of hybridization and introgression between hatchery produced O. mykiss and native populations of Yellowstone cutthroat, redband trout, and westslope cutthroat trout. A greater understanding of the phenomenon of hybridization and introgression observed within Oncorhynchus populations throughout the middle and upper Snake River provinces should allow a better assessment of the impacts of past hatchery produced O. mykiss introductions and allow a better evaluation of the possible future genetic risks native Oncorhynchus populations face with regards to hybridization and introgression”.

“Develop genetic-DNA markers for redband trout so that the degree of introgression with introduced rainbow trout can be quantified and the degree of variability between and among populations of redband trout can be determined”.

2. Memorandum of agreement for conservation and management of Yellowstone cutthroat trout among Montana, Idaho, Wyoming, Nevada, Utah, U.S. Forest Service, Yellowstone National Park, Grand Teton National Park (MOA 2000).

This memorandum of agreement between the above resource agencies explicitly states as its’ goals and objectives that the agencies: 

“Ensure the persistence of the Yellowstone cutthroat subspecies within its historic range.  Manage YCT to preserve genetic integrity and provide adequate numbers and populations to provide for protection and maintenance of intrinsic and recreational values associated with the fish”.

“Identify genetic purity of existing populations.  Prioritize populations based on genetic purity, population size, unique characteristics, and management goals.  Secure and if necessary enhance all known and suspected genetically pure YCT populations, and high priority introgressed populations.”

“Increase the number of stream populations by restoring YCT within their native range”.

3. “Cutthroat Trout Management:  A Position Paper:  Genetic Considerations Associated with Cutthroat Trout Management.  Publication Number 00-26” (UDWR 2000).

This position paper developed by the U.S. Fish and Wildlife Service, U.S. Forest Service, Colorado Division of Wildlife, Idaho Department of Fish and Game, Montana Fish, Wildlife and Parks, Nevada Division of Wildlife, New Mexico Game and Fish, Utah Division of Wildlife Resources, and Wyoming Game and Fish Department explicitly states as its’ goals and objectives that:

“The primary management goal for conservation populations is to preserve and conserve unique genetic, ecological, and behavioral characteristics of the subspecies that exist on a population by population basis”.

“The primary management goal for core conservation populations is to facilitate long term persistence of each subspecies in a genetically pure condition”.

“Core conservation populations will serve as the primary source for gametes for introductions and re-introductions through transplants and brood stock development”.

“Identification of core populations will require complete genetic analysis to validate purity”.

4. Yellowstone cutthroat trout Oncorhynchus clarki bouvieri Status Review, USDA Forest Service (May 1996).

In this status review the author clearly outlines specific needs for Yellowstone cutthroat management including:

“Yellowstone cutthroat populations need to be screened for genetic purity.  This is especially true for populations in Idaho and Wyoming where only limited testing has occurred to date”.

“Information on genetic status will provide a clearer understanding of the need for protection”.

“Consideration should be focused on genetic restoration of hybridized populations through repeated introductions of genetically pure individuals.  Population specific genetic information will be needed to evaluate the applicability of this option”.
d. Relationships to other projects 
This proposed project is a logical extension to the Snake River Native Salmonid Assessment Project (199800200) being conducted by the IDFG.  The primary goal of the Snake River Native Salmonid Assessment project is the protection and restoration of populations of native salmonids in the Middle and Upper Snake River Provinces to self-sustaining, harvestable levels.  The project has focused on measuring the abundance and status of native salmonid populations in the Snake River and describing and measuring the habitat characteristics in which these populations are found.  The overall plan is to use this population and habitat information to identify life history and habitat needs, causes for population declines, and opportunities for restoration.  While this project has collected fin tissue samples for genetic analysis to identify pure and introgressed populations, a genetic component to this project has been limited, both in scope and coverage. We believe that a comprehensive, genetically based approach for native salmonid conservation and management is needed to complement the demographic and ecological approaches outlined in the current BPA funded project 199800200.  Not only will this new project actually perform the needed genetic analyses to detect and quantify levels of rainbow trout introgression but it will also provide the fundamental genetic information on population genetic variability and structure that will allow managers to meet goals of long-term persistence of Yellowstone cutthroat and redband trout populations in the Middle and Upper Snake River Provinces.  If this project is successfully funded, managers for project 199800200 have agreed to defer their current funding for genetic analysis to this project.

The Shoshone-Bannock/Shoshone Paiute Joint Culture Facility Project (199500600) is also a logical collaborator with this proposed project.  Project 199500600 includes as study objectives:  

1. To provide baseline information on genetic variation within and among populations of redband trout in the Duck Valley Indian Reservation and,

2. To assess the extent of hatchery introduced rainbow trout introgression within these populations.  

Importantly, the genetic work for project 199500600 is being performed by University of Idaho (Dr. Madison Powell) and is using the exact same nuclear and mitochondrial DNA markers to investigate rainbow trout introgression and the exact same microsatellite markers to investigate genetic population structure as this proposed project. Managers of project 199500600 have agreed to share genetic information gained from their project with this project to allow a complete and comprehensive analysis of genetic population structure of redband trout populations throughout the Middle and Upper Snake River Provinces.

e. Project history (for ongoing projects) 

(not applicable)
f. Proposal objectives, tasks and methods
This project will be carried out in two separate but complementary phases.  The first phase involves genetic screening for rainbow trout introgression within designated locations throughout the range of Yellowstone cutthroat and redband trout in the Middle and Upper Snake River Provinces.  Part of this phase will involve additional genetic analysis of samples screened in a preliminary study initiated by the IDFG and the University of Idaho.  However, genetic analysis of samples from locations that have not previously been examined will also be required to raise the level of statistical significance for hypothesis testing.  The overall goals of this phase of the project will be to assess the predictive power of stocking records in quantifying hybridization and introgression and to identify non-introgressed populations for further genetic analyses of population structure and divergence.  

Genetic work proposed for the first phase of this study, that focuses on the detection and quantification of introgressive hybridization from introduced hatchery rainbow trout, will involve restriction fragment length polymorphism (RFLP) analysis of both mtDNA and nDNA gene regions.  This work requires no special interpretation for interspecific hybrids since the nDNA and mtDNA markers used are fixed between Yellowstone cutthroat and rainbow trout (Campbell et al. In Press).   

However, identification of intra-specific hybridization and introgression between native redband trout and introduced rainbow trout of hatchery origin is problematic.  Analytical results are complicated since currently there are no known protein, mtDNA or nDNA markers that exhibit fixed differences between native and hatchery produced O. mykiss populations.  Nevertheless, the utility of mtDNA RFLP analysis in assessing intra-specific O. mykiss hybridization has been previously demonstrated.  Williams and Jaworski (1995) and Williams et al. (1996) examined mtDNA diversity in native trout populations from the Kootenai River in northern Idaho, and from several native and non-native trout populations in southern Idaho.  They concluded that introgressed or admixed populations often exhibit higher mtDNA diversity than non-admixed populations and frequently also exhibit multiple, dominant mtDNA haplotypes.  Additionally, their findings show mtDNA haplotype divergence was higher within introgressed populations (0.9%-1.5% sequence divergence) than within non-introgressed populations (less than 0.5% sequence divergence).  

We will employ both nDNA (one intron gene region) and mtDNA analysis (two gene regions, 10 restriction enzymes each) to assess hybridization between hatchery rainbow trout and native redband trout and to identify non-introgressed redband trout populations for further genetic study. 

The overall utility of microsatellites for intraspecific hybridization investigations remains largely unknown.  As such, we also plan to screen microsatellite results obtained from the second phase of this project to identify any possible fixed allelic differences between redband trout populations and reference hatchery rainbow trout populations. 

 The second phase of this project involves a detailed and comprehensive genetic study using microsatellite loci to determine genetic diversity and genetic population structure of Yellowstone cutthroat trout and redband trout populations in the Middle and Upper Snake River Provinces. Genetic information obtained from the first phase of this project will be used to identify sample locations for further population structure analysis.  The salient point of phase one is to identify sampling locations that are free of rainbow trout introgression since introgressed populations will confound genetic variability and population structure estimates. Detailed descriptions of each of the two phases of this project are described below.
Phase One:

Objective 1.  Assess the predictive power of Idaho’s Historical Stocking Database in quantifying hybridization and introgression levels, and identify and prioritize non-introgressed populations for additional genetic work.

Yellowstone cutthroat trout samples

As part of the BPA funded project “Snake River Native Salmonid Assessment”-project number 199800200, and in cooperation with the US Forest Service, the US Fish and Wildlife Service, and the Bureau of Land Management, the IDFG has collected over 6000 non-lethally collected fin tissue samples of Yellowstone cutthroat trout from over 200 sampling locations throughout their entire native range in the Upper Snake River Province (Table 1, Figure 1).  The Department has also secured over 200 samples of Yellowstone Lake cutthroat from Yellowstone Lake, Wyoming and over 100 samples of Yellowstone cutthroat trout (fine-spotted form) from the Jackson National Fish Hatchery for use as comparison and reference populations.  The task at hand will be the identification of a subset of these 6000 samples to examine for introgressive hybridization and population genetic structure work.  In 2000, the IDFG and the University of Idaho began a screen for rainbow trout introgression within Yellowstone cutthroat samples from 40 locations that had been sampled up to that point.  This work was initiated to meet the 90-day review of the 1998 petition to list Yellowstone cutthroat as threatened under the ESA.  An assessment of rainbow trout introgression within these sample locations was done using one mtDNA RFLP marker and two nDNA intron RFLP markers diagnostic between cutthroat tout and rainbow trout.  Preliminary results identified rainbow trout mtDNA and/or nDNA in 17 of these populations (Table 2).  We propose that work on these samples be finished by increasing the sample size to 60 at each sample location, which will insure 95% confidence of detecting rainbow trout mtDNA haplotypes present within the population at a frequency of 5% or greater.  We also suggest that 3 additional nDNA markers that have previously been shown to have fixed allele differences between rainbow and cutthroat trout be run on these same samples (Campbell et al. In Press). This additional work will provide increased power in detecting introgression and should help with our ability to determine the type and extent of introgression within these populations. Finally, we suggest that four additional sample locations/populations from each of the 10 major drainages sampled be selected for a screen of rainbow trout introgression and a test of the historical stocking database (4 locations X 10 major drainages X 60 samples = 2400 samples).  Of these four sample locations within each major drainage, two will be selected from streams that have never received rainbow trout stocking according to the historical stocking database. The remaining two additional sample locations will be selected from streams that have had substantial rainbow trout stocking according to the database.  Not only will these additional samples allow an a priori selection of populations to test the stocking database but it will also provide a more complete, comprehensive geographic range from which to select non-introgressed populations for study of population genetic structure.  This sampling scheme will allow for a category 2 type analysis of 2x2 contingency table (test of homogeneity) and is a favorable method of hypothesis testing for independence (Zar 1999).

Table 1.  Major drainages sampled for Yellowstone cutthroat and specific sampling locations.

1.  Henrys Lake
3.  South Fork Snake River

Duck Creek
Bear Creek

Howard Creek
Big Elk Creek

Targhee Creek
Black Canyon

Tygee Creek
Burns Canyon (lower)

2.  Teton River
Burns Canyon (upper)

Canyon Creek
Burns Creek

Canyon Creek
Canyon Creek

Canyon Creek (lower)
Fall Creek

Canyon Creek (middle)
Fall Creek (lower)

Canyon Creek (upper)
Fall Creek (upper)

Fish Creek (lower)
North Fork Pine Creek (confluence)

Fish Creek (upper)
North Fork Pine Creek (upper)

Game Creek (lower)
Palisades Creek

Garner Creek (lower)
Palisades Creek

Garner Creek (middle)
Pine Creek

Horseshoe Creek
Pine Creek (lower)

Little Pine Creek
Pine Creek (upper)

Mahogany Creek
Pritchard Creek

Mike Harris Creek (lower)
Rainey Creek

Mike Harris Creek (middle)
Rainey Creek (lower)

Moose Creek
Rainey Creek (middle)

North Fork Horseshoe Creek (lower)
Rainey Creek (upper)

North Fork Horseshoe Creek (upper)
Rapid Creek

North Fork Mahogany Creek
West Pine Creek

North Fork Packsaddle Creek (lower)
West Pine Creek

North Fork Packsaddle Creek (upper)
4.  Willow Creek

North Leigh Creek
Alley Lyons Creek (middle)

North Leigh Creek (Wyoming)
Alley Lyons Creek (upper)

North Moody Creek (lower)
Brockman Creek

North Moody Creek (middle)
Gray’s Lake Outlet

Sob Canyon (lower)
Homer Creek

Sob Canyon (upper)
Lava Creek

South Fork Badger Creek (middle)
Mill Creek (upper)

South Fork Badger Creek (upper)
Mill Creek (lower)

South Fork Canyon Creek (lower)
North Fork Lava Creek (middle)

South Fork Canyon Creek (Wyoming)
North Fork Lava Creek (upper)

South Fork Horseshoe Creek (upper)
Sellars Creek

South Fork Mahogany Creek (lower)
Sellars Creek (lower)

South Fork Mahogany Creek (middle)
Sellars Creek (middle)

South Moody Creek
Sellars Creek (upper)

State Creek
South Fork Sellars Creek (middle)

Teton River, mainstem
South Fork Sellars Creek (upper)

Trail Creek
South Fork Sellers Creek (lower)

Warm Creek (lower)
Tex Creek

Warm Creek (middle)
Willow Creek, mainstem

Table 1.  Major drainages sampled for Yellowstone cutthroat and specific sampling locations (cont.) 

5.  Salt River (upper S. Fk. Snake)
Walker Creek (lower)

Barnes Creek
Walker Creek (Middle)

Clear Creek
Webb Creek (lower)

Crow Creek
Webb Creek (middle)

Fish Creek
Webb Creek (upper)

Horse Creek
7.  Portneuf River

Jensen Creek
Bell Marsh Creek (lower)

McCoy Creek
Bell Marsh Creek (middle)

Squaw Creek
Bell Marsh Creek (upper)

Tin Cup Creek
Big Springs Creek

Tin Cup Creek, South Fork
Dempsey Creek

6.  Blackfoot River
East Bob Smith Creek (middle)

Blackfoot River, upper mainstem
East Bob Smith Creek (upper)

Angus Creek
Gibson Jack Creek (lower)

Bacon Creek (upper)
Gibson Jack Creek (middle)

Bacon Creek (middle)
Gibson Jack Creek (upper)

Blackfoot River (main)
Goodenough Creek (upper)

Browns Canyon (upper)
Goodenough Creek (lower)

Browns Canyon (middle)
Harkness Creek

Brush Creek (lower)
Inman Creek (upper)

Brush Creek (middle)
Inman Creek (middle)

Horse Creek
Inman Creek (lower)

Miner Creek (lower)
Middle Fork Toponce Creek

Miner Creek (middle)
Middle Fork Toponce Creek (upper)

Rawlins Creek (upper)
Middle Fork Toponce Creek (lower)

Rawlins Creek (lower)
Mink Creek

Sheep Creek (lower)
Pebble Creek, North Fork

Sheep Creek (middle)
Portneuf (main)

Timber Creek
Rapid Creek

Timothy Creek
Right Hand Fork Marsh Creek

Inman Creek (upper)
Robber Roost Creek (upper)

Mink Creek
Robbers Roost Creek (middle)

Mink Creek (WF-lower)
Robbers Roost Creek (lower)

Mink Creek (WF-middle
South Fork Toponce Creek (upper)

Pebble Creek, North Fork
South Fork Toponce Creek (middle)

Rapid Creek
South Fork Toponce Creek (lower)

Robber Roost Creek (lower)
Toponce Creek

Robber Roost Creek (middle)
Walker Creek (upper)

Robber Roost Creek (upper)
Walker Creek (lower)

Toponce (MF-lower)
Webb Creek (upper)

Toponce (MF-middle)
Webb Creek (middle)

Toponce (MF-upper)
Webb Creek (lower)

Toponce (SF-lower)
West Fork Mink Creek (upper)

Toponce (SF-middle)
West Fork Mink Creek (lower)

Toponce (SF-upper)


Toponce (upper)


Table 1.  Major drainages sampled for Yellowstone cutthroat and specific sampling locations (cont.) 

8.  Bannock Creek
12.  Jackson National Fish Hatchery

Crystal Creek
1998

Midnight Creek (lower)
1999

Midnight Creek (upper)


9.  Raft River


Almo Creek


Cassia Creek (upper)


Cassia Creek (lower)


Clyde Creek


Cold Creek


Cottonwood Creek


Dry Creek


Edwards Creek


Eight Mile Creek (upper)


Eight Mile Creek (lower)


Fall Creek


Flat Canyon Creek


Grape Creek


Green Creek


Gross Creek


Lake Fork (upper)


Lake Fork (lower)


New Canyon Creek


Six Mile Creek (upper)


Six Mile Creek (lower)


10.  Goose Creek


Big Cottonwood Creek (upper)


Big Cottonwood Creek (lower)


Birch Creek


Dry Creek


Ecklund Creek (upper)


Ecklund Creek (lower)


Goose Creek (lower)


Goose Creek (upper-Nevada)


Sawmill Creek (middle)


Sawmill Creek (lower)


Trout Creek


11.  Yellowstone Lake, Wyoming


Arnica Creek outlet


Breeze Point


Grant Village Marina


Outlet Trail Creek


Pearle Island South Arm


Sand Point
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Figure 1.  Map of major drainages sampled for Yellowstone cutthroat trout.

Table 2.  Nuclear DNA and mitochondrial DNA rainbow trout introgression observed in 40 populations/sample locations of Yellowstone cutthroat trout. 

Yellowstone Cutthroat

Nuclear DNA
 Mitochondrial DNA

Population 
Year 
Individuals with RBT alleles/n
Individuals with RBT mtDNA/n

Almo Creek
1999
0/23 = 0.0%
0/23 = 0.0%

Big Cottonwood Creek
1999
1/9 = 11.1%
0/9 = 0.0%

Blackfoot River
1997
0/42 = 0.0%
0/48 = 0.0%

Blackfoot River
2000
6/24 = 25.0%
5/24 = 20.8%

Clear Creek
1999
0/48 = 0.0%
0/48 = 0.0%

Crow Creek
1999
0/44 = 0.0%
0/44 = 0.0%

Goose Creek
1999
0/37=0.0%
0/37 = 0.0%

Harkness Creek
1999
0/48 = 0.0%
0/48 = 0.0%

High Bridge
1999
0/46 = 0.0%
0/46 = 0.0%

Horse Creek
1999
0/48 = 0.0%
0/48 = 0.0%

Lava Creek
1999
0/22 = 0.0%
0/59 = 0.0%

McCoy Creek
1999
0/38 = 0.0%
0/40 = 0.0%

Palisades
1999
0/43 = 0.0%
1/43 = 2.3%

Pebble Creek (N. F.)
1999
1/47 = 2.1%
0/47 = 0.0%

Rainey Creek (N. F.)
1999
0/48 = 0.0%
0/48 = 0.0%

Robbers Roost
1999
0/40 = 0.0%
0/40 = 0.0%

Sellers Creek
1999
0/48 = 0.0%
0/48 = 0.0%

Teton River (inclusive)
1999
16/64 = 25.0%
11/62 = 17.7%

Teton River (-RBT)
1999
9/57 = 15.8%
4/62 = 6.5%

Tin Cup Creek (S. F.)
1999
0/48 = 0.0%
0/48 = 0.0%

Tin Cup Creek (upper)
1999
0/48 = 0.0%
0/48 = 0.0%

Pine Creek
1999
11/48=22.9%
6/46=13.0%

Burns Creek
1999
3/48=6.25%
1/47=2.1%

Tyghee Creek
1999
0/60=0.0%
0/60=0.0%

Howard Creek
1998
7/60=11.7%
0/60=0.0%

Duck Creek
1998
1/60=1.7%
0/60=0.0%

Targhee Creek
1998
13/60=21.7%
0/60=0.0%

6-Mile Creek
1999
20/20=100.0%
12/20=60.0%

8-Mile Creek
1999
0/20=0.0%
0/20=0.0%

Barnes Creek
1999
0/45=0.0%
0/48-0.0%

Big Elk Creek
1999
0/30=0.0%
0/30=0.0%

Big Springs Creek
1999
2/48=4.3%
0/48=0.0%

Fish Creek
1999
0/48=0.0%
0/48=0.0%

Grays Lake Outlet
1999
0/6=0.0%
0/6=0.0%

Homer Creek
1999
0/4=0/0%
0/4=0.0%

Jenkins Creek
1999
0/30=0.0%
0/30=0.0%

Mill Creek
1999
0/14=0.0%
0/14=0.0%

Pritchard Creek
1999
1/48=2.1%
0/48=0.0%

Squaw Creek
1999
1/27=3.7%
0/40=0.0%

Tex Creek
1999
0/10=0.0%
0/10=0.0%

Redband trout samples 

As part of the Snake River Native Salmonid Assessment project (199800200), and in cooperation with the US Forest Service, the US Fish and Wildlife Service, and the Bureau of Land Management, the IDFG has collected or obtained over 1200 non-lethally collected fin tissue samples of redband trout from over 35 sampling locations throughout their entire native range in the Snake River Basin between Hells Canyon Dam, ID and Shoshone Falls, ID (Table 3, Figure 2).  The Department also has also secured over 200 samples of hatchery rainbow trout (consisting of several strains) from the Hayspur and Mackay hatcheries and over 500 redband trout samples from the Salmon River and Little Salmon River drainages, for use as comparison and reference populations.  

In 1999, the University of Idaho began an investigation of intra-specific hybridization and introgression between native redband trout and introduced hatchery-produced rainbow trout within five streams (Castle Creek, Big Jacks Creek, Little Jacks Creek, Shoefly Creek, and Sinker Creek, 10 sample locations, upper and lower reaches X 50 samples = 500 samples) in the Bruneu River drainage.  Rainbow trout introgression within these sample locations was investigated using a mtDNA gene region (ND2) combined with a RFLP screen of eight separate restriction enzymes and a nDNA intron RFLP marker (p53) that has previously yielded allele frequency variation between redband trout populations and hatchery rainbow trout populations (University of Idaho, unpublished data).  We propose that work on the ten sample locations listed above is continued by expanding the screen of restriction enzymes from eight to ten and by adding an additional mitochondrial region (Cyt B) from which to screen with restriction enzymes.  Furthermore, we suggest that four additional sample locations/populations from each of the five major drainages sampled thus far be examined with the same mtDNA RFLP screen and nDNA RFLP marker (4 locations X 5 major drainages X 60 samples = 1200 samples).  Of these four sample locations within each major drainage, two will be selected from streams that have never received rainbow trout stocking according to the historical stocking database. The remaining two additional sample locations will be selected from streams that have had substantial rainbow trout stocking according to database.  These additional sample locations will allow a better test of the historical stocking database capabilities of predicting rainbow trout hybridization rates and will also allow a more complete, comprehensive geographic range from which to select non-introgressed populations for study of population genetic structure.  

Table 3.  Major drainages sampled thus far for redband trout and specific sampling locations.

1.  Little Wood River
6.  NF Boise River

Grays Creek
Pike's Fork Creek

Little Wood-Main (lower)
Upper NFBR?

Little Wood-Main (middle)
7.  SF Boise River

Little Wood-Main (upper)
SFBR above Anderson Res.

Slide Canyon Creek
SFBR below Anderson Res. (canyon)

2.  Big Wood River
Willow Creek (below)

Red Warrior Creek
Smith Creek (below)

Adams Gulch
Rattlesnake Creek (below)

Castle Creek
NF Lime Creek (above)

East Fork Baker Creek
Whiskey Jack Creek (above)

Greenhorn Creek
Big Smokey Creek (above)

Hyndman Creek (North Fork)
Little Smokey Creek (above)

Hyndman Creek (upper)
Ross Creek (above)
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Figure 2.  Map of major drainages sampled for redband trout. 

Task 1.  Conduct mitochondrial DNA (mtDNA) and nuclear DNA (nDNA) intron Restriction Fragment Length Polymorphism (RFLP) analysis to quantify levels of rainbow trout hybridization and introgression.

DNA Extraction- Mitochondrial DNA and nuclear DNA will be extracted from non-lethally collected fin-clip samples using methods described by Paragamian et al. (1999), adapted from protocols by Sambrook et al. (1989) and Dowling et al. (1996).  

PCR Amplification and restriction digestion of Nuclear DNA gene regions-  DNA isolated from each sample will be amplified using the Polymerase Chain Reaction (PCR) with primers specific for five nuclear intron gene regions:  Recombination activation gene (RAG 3’), Ikaros gene (IK), Protocogene 53 (p53), Insulin Growth Factor 2 gene (IGF-2), and Heat-shock cognate gene 71 (HSC 71).  All five loci are diagnostic between rainbow trout and cutthroat trout when digested with a particular restriction enzyme (Campbell et al. In Press).  Variation in allele frequency at the p53 locus has been observed between redband trout populations and hatchery-produced rainbow trout populations and has been used previously to examine intra-specific hybridization projects (University of Idaho, unpublished data).  Digests will be electrophoresed on 3% agarose gels with tris-acetate-EDTA buffer or 6% acrylamide gels with tris-borate-EDTA and stained with ethidium bromide and fluoresced under UV-light to visualize alleles.

PCR Amplification and restriction digestion of Nuclear DNA gene regions-  DNA isolated from each sample will be amplified with primers specific for two gene regions of the mitochondrial genome (ND2 and Cyt B) and digested with 10 restriction enzymes (Ava-I, Dde-I, Dpn-II, Hae-III, Hha-I, Hinf-I, Mse-I, Msp-I, Rsa-I, and Taq-I).  Previous studies have demonstrated that the digestion of Cyt B with restriction enzymes (Hae-III, Hinf-I, and Rsa-I) yields diagnostic polymorphisms between cutthroat trout and rainbow trout (Mays 2001).  Eight of the ten restriction enzymes listed above have been used in combination with the ND2 gene region in previous studies to examine introgressive hybridization within redband trout populations (Silver Creek, University of Idaho 2000).  Digests will be electrophoresed on 3% agarose gels with tris-acetate-EDTA buffer or 6% acrylamide gels with tris-borate-EDTA and visualized as band patterns (fragments) when stained with ethidium bromide and fluoresced under UV-light.  

Task 2.  Compare stocking variables with observed rates of introgression.
A pilot test of independence of stocking (stocked, not stocked) versus introgression (introgressed, not introgressed) of the 40 Yellowstone cutthroat trout sample locations preliminarily investigated, indicates that stocking and introgression are not independent (Chi Square, corrected for continuity, (2 = 5.6884; 0.01<P<0.025), (University of Idaho, IDFG, unpublished data).  This suggests that Idaho’s stocking database may be useful in predicting hybridization and introgression levels and therefore a good predictor of genetic risks to resident trout populations from historical rainbow trout stocking.

The following stocking variables available from Idaho’s historical stocking database (used in combination or alone) will be tested against observed rates of rainbow trout introgression for their predictive ability in assessing hybridization and introgression rates:

· Whether any rainbow trout have been stocked or not (yes or no),

· Number of total fish stocked,

· Size at stocking,

· Age at stocking,

· Month Stocked,

· Strain of stocked fish,

· Number of pounds stocked,

· Number of years stocked and,

· Number of years since last stocking.

We plan to statistically analyze these stocking variables against observed levels of rainbow trout introgression through three statistical methods:

1. Tests for independence of stocking vs. introgression (hypothesis testing of independence using (2 corrected for continuity (Zar 1996)).

2. Tests for correlations between stocking criteria and introgression (using two-tailed (2 and rn analyses (Zar 1996; Motulsky 1995) to test for significant, positive and negative correlations).

3. Tests to assign predictiveness to stocking criteria (regression analysis, parametric and non-parametric tests and Bayesian prediction (Motulsky 1995)).

Phase 2.

Objective 2.  Determine genetic population structure of native Yellowstone cutthroat trout populations and redband trout populations within the Middle and Upper Snake River Provinces.
Genetic information on rainbow trout introgression obtained from the first part of this project will be used to identify non-introgressed Yellowstone cutthroat and redband trout sample locations to screen with microsatellite markers to investigate genetic population structure.   The overall goal will be to examine populations throughout their geographic range within the Middle and Upper Snake River Provinces.   

Task 1.  Conduct microsatellite DNA analysis of Yellowstone cutthroat and redband trout samples collected from populations within the Middle and Upper Snake River Provinces.

Allele frequency variation at six microsatellite loci (Ocl 1, Ocl 2, Ocl 3, Ocl 4, Ocl 8, and Ocl 9) will be examined on all Yellowstone cutthroat trout samples.  These highly polymorphic microsatellite loci have been used previously to successfully describe genetic population structure within coastal cutthroat trout, and have been amplified successfully within Yellowstone cutthroat trout (Wenburg 1998). Expected number of alleles observed, allele size rang (bp), and PCR conditions are described by Wenburg (1998).

 Allele frequency variation at six microsatellite loci (Ots-3, Omy-77, Ots-103, Ots-100, Ots-1, and Ots-108a) will be examined on all redband trout samples.  These same microsatellite loci are currently being used to examine introgressive hybridization and genetic population structure in redband trout populations on the Duck Valley reservation as part of the Shoshone-Bannock Paiute Joint Culture Facility Project (199500600).  Expected number of alleles observed, allele size range (bp), and PCR conditions are shown in table 3 below:

Table 3.  

(Note all PCRs have an initial 5-cycle 1°C/cycle touchdown, followed by 38 cycles at specified annealing temp., and ended with a 30 min final extension at 72°C):

              
Primer


# alleles
       allele

        
PCR

Locus  


repeat size  
 conc.
label
observed 

size range (bp)
annealing temp.
PCR-1
Ots-3


dinucleotide
 0.3 μM
 ned
       6


79-89

        50oC

Omy-77


dinucleotide
 0.3 μM
 hex
     20


99-149

        50oC
PCR-2
Ots-103


tetranucleotide
 0.2 μM
 hex
       9


59-93

        55oC

Ots-100


tetranucleotide
 0.35μM
 ned
     12


165-213
         
        55oC

PCR-3

Ots-1


dinucleotide
 0.2 μM
6-fam
     15

      163-246
         
        50oC
PCR-4
Ots-108a
tetranucleotide
0.3 μM
     6-fam         25     
      97-269

   46oC

Levels of genetic variation in each sample location/population will be estimated three ways:  

1. The average number of alleles per locus (total number of alleles detected at the six loci analyzed in each sample divided by six); 

2. Observed and expected heterozygosities at each locus (expected heterozygosity at a locus in a sample is one minus the sum of the squared allele frequencies.  These values summed over all loci and divided by six yields average expected heterozygosity) and; 

3. The proportion of polymorphic loci in a sample (the number of loci at which evidence of genetic variation is detected divided by six).

Assessments of genetic subpopulation structure will be made using the statistical genetic computer programs ARLEQUIN version 2.0 (Excoffer 2000), GENEPOP version 1.2 (Raymond and Rousset 1995) and GDA (Lewis and Zaykin 1999).  Heterozygosity components (HI, HS, HR and HT) calculated from generated allelic frequency data will be used to partition gene diversity within populations (FIS), between populations within regions (FSR(T)), among regions (FRT), and overall among populations (FST).  The program GENDIST in the statistical software package PHYLIP will be used to generate dendograms from these distance matrices.  Maximum likelihood distance matrixes and dendograms will be calculated using the program CONTL (PHYLIP).  Robustness of tree topologies will be assessed using the program CONSENSE in  PHLYIP.  Dendogram diagrams will be created in the programs DRAWTREE and DRAWGRAM (PHYLIP). 

Previous studies using allozymes have suggested that Yellowstone cutthroat trout exhibit relatively low levels of genetic diversity in comparison to other subspecies and to rainbow trout (Allendorf and Leary 1988).  However, research has shown that “Yellowstone cutthroat trout display adaptations to different environments and biotic communities that have resulted in ecotypes displaying characters as variable as those commonly found between subspecies or even between species of trout (Varley and Gresswell 1988).  These previous scientific findings pose interesting questions:  

· Does microsatellite analysis yield congruent results regarding genetic variability? 

· How much genetic diversity is present within the species that has not been accounted for?  

The genetic information gained from this project (described in detail above) will be used to address these two questions as well as the following pertinent issues regarding both Yellowstone cutthroat and redband trout populations:

· How is genetic diversity partitioned throughout these populations?

· What are appropriate conservation/management units for these species within the middle and upper Snake River Basins?

· What is the genetic effective population size of these populations?

· What populations are at immediate genetic risk?

· What populations are most appropriate for use in translocations, re-introductions, or broodstock development purposes?

· What management strategies would pose genetic risks to these populations?

· Can population abundance estimates be used to predict population genetic variability?

g. Facilities and equipment
Importantly, no field equipment costs or tissue collection costs are necessary during the term of this project.  All tissue samples required have already been collected by cooperating agencies (US Forest Service, the US Fish and Wildlife Service, the Bureau of Land Management, and the Idaho Department of Fish and Game) or are listed for collection by these agencies under existing budgets. 

The genetic work described in this proposal will be divided between the Idaho Department of Fish and Game’s new genetics laboratory at Eagle, Idaho and the Salmonid and Freshwater Fish Genetics Research Laboratory at the University of Idaho’s Hagerman Fish Culture Experiment Station.  Between the two facilities all of the necessary molecular genetic analysis equipment and expertise for this work is already in place.

The only equipment requested for this project are two PCR machines (so as not to monopolize the PCR machines in the Hagerman and Eagle labs that are currently being used on other projects), an ultra-cold freezer for sample storage, and a project-specific computer for sample inventory and genetic data analysis.
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Matthew Campbell (IDFG), who recently finished his Masters Project studying hybridization and introgression between Yellowstone cutthroat and rainbow trout, and Dr. Madison Powell (University of Idaho), director of the Salmonid and Freshwater Genetics Research Laboratory at the University of Idaho, have worked together for over six years examining hybridization, genetic diversity, and genetic population structure of fish species throughout the Pacific Northwest.  Both have a long history of inter-agency collaboration and cooperation on salmon and trout restoration and conservation projects and both have the necessary educational and professional experience to meet the objectives of this proposed work.  Curriculum Vitas are listed below:

Matthew R. Campbell

Education:

M.S., 2001, University of Idaho 

B.S., 1996, University of Idaho 

Current Employer:  Idaho Department of Fish and Game, Eagle Fish Hatchery

1800 Trout Rd., Eagle ID, 83616, (208) 939-4114. Fax: (208) 939-2415.

E-mail:  mcampbel@fishery.state.id.us
Current Responsibilities:  Research Fishery Biologist; supervise fishery genetics laboratory at Eagle, ID.  

Previous Employment:

1995-2001
Scientific Aide, Fish Genetics Laboratory, Aquaculture Research Institute, University of Idaho, Moscow, Idaho.

1995-1997
Fishery Technician 1, Washington Department of Fish and Wildlife, Pullman, WA 99163.

1989-1995 Fisheries Field/Lab Technician, University of Idaho, Fisheries Department, Moscow, ID.

Technical experience:

DNA isolation, DNA sequencing, PCR amplification, RFLP analysis, RAPD analysis, karyotyping, nucleotide and protein electrophoresis, field collection, and identification.

Publication(s):

Campbell, M.R., M. Powell, and J. Dillon.  2001.  Hybridization and introgression in a native Yellowstone cutthroat population:  Detection and conservation implications.  Final revisions accepted by the journal Transactions of the American Fisheries Society.

Williams, R.N., M. Powell, and M. Campbell.  2000.  Genetic analysis of rainbow trout (Oncorhynchus mykiss) from Silver Creek Preserve of the Nature Conservancy, Idaho.  Lab Report HAG-00-2.

MADISON S. POWELL

Education:

Ph.D., 1995, Texas Tech University

M.S., 1990, University of Idaho

B.S., 1985, University of Idaho

Current employer: University of Idaho, Hagerman Fish Culture Experiment Station

3059 F National Fish Hatchery Road, Hagerman, ID 83332, (208) 837-9096

FAX: (208) 837-6047, email mpowell@uidaho.edu
Current responsibilities: Assistant Professor; supervise fisheries genetics laboratories and lab personnel at the Aquaculture Research Institute and the Hagerman Fish Culture Experiment Station.

Previous employment:

2000-Present
Assistant Professor; Department of Fish and Wildlife Resources/Animal Veterinary Sciences, University of Idaho, Moscow, Idaho

1997-2000

Research Scientist, Hagerman Fish Culture Experiment Station, 

University of Idaho, Hagerman, Idaho

1996-1997

Research Scientist, Aquaculture Research Institute, University of 

Idaho, Moscow, Idaho

1995-1996

Postdoctoral Fellow, Aquaculture Research Institute, University of 

Idaho, Moscow, Idaho

1995


Ph.D., Zoology, Texas Tech University

1990


M.S., Zoology, University of Idaho

1985


B.S., Zoology/Biology, University of Idaho

Technical experience:

DNA and RNA isolation, molecular cloning, genomic libraries, DNA fingerprinting, automated sequencing, PCR amplification, RFLP analysis, RAPD analysis, in vitro transcription, fluorescence in situ hybridization, karyotyping, cell and tissue culture, nucleotide and protein electrophoresis, liquid chromatography, HPLC analysis, small animal surgery, field collection, and identification.

Five most recent peer-reviewed publications:

Gamprel, K. A., K. J. Rodnicik, H. A. Faust, E. C. Venn, M. T. Bennett, L. I. Crenshaw, E. R. Keeley,, M. S. Powell, and H.W. Li. In Review. Metabolism, swimming performance, and tissue biochemistry of high desert redband trout (Oncorhynchus mykiss spp.): Evidence for phenotypic differences in physiological function. Canadian Journal of Fisheries and Aquatic Sciences.

Campbell, M.R., M. S. Powell and J. Dillon. In press. Hybridization and introgression in a native Yellowstone cutthroat population: Detection and conservation implications. Transactions of the American Fisheries Society.
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