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Abstract

This proposal encompasses two projects.  The first is to examine hybridization between native westslope cutthroat trout (Oncorhynchus clarki lewisi) and introduced rainbow trout (O. mykiss) in the Stehekin River drainage.  Data collected in 2001 indicates that a species-purity/hybridization cline occurs within the Stehekin River above and below the Bridge Creek confluence, with respect to nuclear (nDNA) and mitochondrial DNA (mtDNA) species-specific markers.  We propose to sample adult, juvenile, and young of the year trout within this area to determine if the cline is maintained through successful mating of individuals with westslope cutthroat and rainbow trout nDNA and mtDNA, if the observed cline is a result of seasonal migration, and if water temperatures effect the distribution of westslope cutthroat, rainbow trout, and westslope-rainbow hybrids.  The second project is a reconnaissance project to determine if the Chilliwack River drainage is a suitable location for future hybridization studies between two naturally sympatric trout species, coastal cutthroat trout (O. c. clarki) and rainbow trout, in an undisturbed environment.

II.  OVERVIEW

A.  Statement of Issue

Project 1 – Stehekin River drainage

The purpose of Project 1 is to examine the species-purity/hybridization cline and identify the factor(s) contributing to the westslope, rainbow, and westslope-rainbow hybrid distribution that exists within the Stehekin River, North Cascade National Park (NCNP).  This will be accomplished by defining the distribution of native westslope cutthroat trout, introduced rainbow trout, and westslope-rainbow hybrids within the Stehekin River drainage by using species-specific nDNA and mtDNA markers, and monitoring the water temperature in the Stehekin River above and below Bridge Creek.

Preliminary results from 2001 indicate that the population structure of trout in the Stehekin River immediately above and below the confluence of Bridge Creek differ dramatically.  Results indicated the population in the Stehekin River below the confluence with Bridge Creek was extensively hybridized (81 %), of which 32 % were backcrossed to westslope, 4 % were F1 hybrids, and 45 % were backcrossed to rainbow.  The westslope mtDNA marker was present in 54 % of the sample set and 46 % contained the rainbow mtDNA marker.  One individual identified as pure westslope by nDNA markers contained the rainbow mtDNA marker.  This population is believed to be highly introgressed because of the high diversity of species markers present in the population, and the maternal lineages appear to be bi-directional (both westslope cutthroat and rainbow trout).

The Stehekin River above the confluence with Bridge Creek and below the Park Creek confluence was partitioned into two sampling reaches (upper and lower).  The upper reach sample set was composed of 66 % pure westslope and 34 % westslope-backcross hybrids, and only westslope mtDNA was present.  The lower reach sample set consisted of 37 % pure westslope, 61 % westslope-backcross hybrids, and 2 % were F1 hybrids.  Both westslope and rainbow mtDNA was present, 85 % and 15 % respectively. 

The differences in the species-purity population structure above and below the Stehekin-Bridge confluence may be due to differences in the Stehekin River water temperature above and below the Bridge Creek confluence, seasonal migration, or upriver colonization of rainbow trout in the Stehekin River.

Project 2 – Chilliwack River

The purpose of Project 2 is to determine if the Chilliwack River drainage, NCNP, is a suitable area to study natural hybridization between 2 naturally sympatric trout species, steelhead/rainbow trout and coastal cutthroat trout, in an undisturbed environment.  We propose to do a species-purity survey of rainbow trout and coastal cutthroat trout in the Chilliwack River drainage in 2002, to determine if rainbow-coastal cutthroat hybrids are present.  We are currently completing the third and final year of a steelhead-coastal cutthroat trout hybridization study in creeks draining into the Strait of Juan de Fuca, in the northwestern Olympic Peninsula, WA.  The observed natural hybridization rate within two of these creeks is 20 – 25 %.  Moreover, the watershed within these creeks has been extensively logged and abused, and numerous hatchery steelhead are planted annually for sport harvest in adjacent rivers.  It is unknown if these actions have resulted in the observed rate of hybridization between steelhead and coastal cutthroat trout or if hybridization between steelhead and coastal cutthroat has been historically persistent.  Thus, a hybridization study within a natural environment (no logging, habitat alterations or fish introductions) is warranted.

B.  Literature summary

Introductions of non-native rainbow trout into other cutthroat trout subspecies native ranges have often resulted in hybridization and the development of hybrid swarms (Allendorf and Leary 1988; Carmichael et al. 1993).  Hybridization between native cutthroat trout and non-native, introduced rainbow trout has been viewed as a major factor causing the decline of cutthroat trout throughout their historical range (Allendorf and Leary 1988, Reinitz 1977, Behnke 1992).

Historically, westslope cutthroat trout were not sympatric with rainbow trout, with the exception of the Clearwater, Salmon, and John Day drainages, where both species maintained their integrity by exploiting different niches.  Hybridization and introgression between native westslope and introduced rainbow trout occurs where niches overlap, or niches are not partitioned.  In many cold, high-altitude headwater streams, cutthroat trout appear to have a selective advantage over introduced, non-native trout (Behnke 1992).  

The native habitat ranges of coastal cutthroat trout and steelhead overlap extensively from northern California to south central Alaska (Behnke 1992).  Coastal cutthroat trout are the only cutthroat trout subspecies that are naturally sympatric with steelhead (with the exception of a few limited populations of westslope cutthroat trout).  Despite sympatry, the genetic purity of coastal cutthroat trout and steelhead has been maintained.
The frequency and effects of hybridization between coastal cutthroat trout and steelhead within their natural environment are poorly understood.  Laboratory studies have demonstrated that for swimming performance and some morphological characters, steelhead-coastal cutthroat trout F1 hybrids were intermediate to the parental species (Hawkins and Quinn 1996), and emergence time and yolk abundance in steelhead-coastal cutthroat trout F1 hybrids was dependent upon the maternal parent (Hawkins and Foote 1998).  In their natural environment, both F1 and backcrossed hybrids have been observed (summarized in Johnson et al. 1999), and it has been suggested that post-zygotic isolating mechanisms maintain the genetic integrity between coastal cutthroat trout and steelhead (Campton and Utter 1985; Young et al. 2001).

Genetically, cutthroat trout and rainbow trout are very similar.  This has often hindered hybrid analysis. Meristic character traits have commonly been used to examine introgression (Busack et al. 1980; Marnell et al. 1987; Leary et al. 1996), however, meristic traits do not always differentiate the genetic status of hybrids (Busack and Gall 1981; Leary et al. 1987).  Allozyme analysis is also commonly used to infer hybridization (Busack and Gall 1981; Campton and Utter 1985; Marnell et al. 1987; Carmichael et al. 1993; Kershner et al. 1997).  While each method has its merits, each also has drawbacks.  Collectively, the drawbacks include sampling is lethal, the inability to differentiate hybrids and hybrid generations based on parental character traits, frequency basis of species markers, and shared alleles between species.

We have developed a novel, user friendly, non-lethal genetic method for identifying species-specific differences between rainbow trout/steelhead and coastal cutthroat trout (Ostberg and Rodriguez 2002); between rainbow trout and various cutthroat trout subspecies (coastal, westslope, Lahontan, Yellowstone, Colorado River, fine-spotted Snake River, greenback, and Bonneville); and between the various cutthroat trout subspecies.  This test involves the identification of molecular markers that are present 100 % (or at frequencies greater than 99.0 %) in one species and completely absent (or at frequencies less than 1.0 %) in the other species (diagnostic markers).  The benefits of this test are the species specificity (rather than frequency based like most allozymes), the data are easy to interpret (the individual either has a single marker or not, +/- a band on a gel), the test is non-lethal (DNA is extracted from small fin clips), backcrossed hybrids can be visualized, and the test does not require sophisticated and expensive machinery to run, interpret and analyze the data.

C.  Scope of study

Project 1:  Analysis of hybridization between native westslope cutthroat trout and introduced rainbow trout in the Stehekin River drainage.  Adults, juveniles, and young of the year will be sampled in the Stehekin River drainage for genetic analysis to determine the extent of the species-purity/hybridization cline between native westslope cutthroat and introduced rainbow trout.  Also, the water temperature within the Stehekin River above and below Bridge Creek and within Bridge Creek will be monitored during the summer and fall, 2002, in order to determine what effects water temperature may have on maintaining the cline.  NCNP personnel have agreed to monitor water temperatures.

Project 2:  Determine if the Chilliwack River drainage is a suitable area to study natural hybridization between steelhead/rainbow trout and coastal cutthroat trout in a non-disturbed environment.  Adults and juveniles will be sampled during summer, 2002, for genetic analysis to determine if native, rainbow-cutthroat hybrids are present.  If hybrids are observed, then we will apply for a proposal in 2003 for further studies.

D.  Intended use of results

The results and conclusions of the research projects will be submitted as manuscripts for publication in peer reviewed scientific journals, as applicable.  All results and conclusions will be provided to the National Park Service upon request.  

III.  OBJECTIVES/HYPOTHESES TO BE TESTED

The specific objectives of Project 1 are:  a) determine if the species-purity/hybridization cline observed in 2001 is a result of adult seasonal migration or successful recruitment; b) determine if the temperature differences within the Stehekin River above and below Bridge Creek and within Bridge Creek has an effect on maintaining the cline; and c) publish results in a peer reviewed scientific journal.  

The specific objective of Project 2 is to determine if the Chilliwack drainage is a suitable location for examining hybridization between native rainbow and coastal cutthroat trout within a non-disturbed environment.

IV.  METHODS

A.  Description of study area

The area of Project 1 is the Stehekin River drainage within the North Cascade National Park (NCNP) located in north central WA.  The sample locations will consist of the Stehekin River between the Flat Creek confluence and Rainbow Creek confluence, and Bridge Creek.  The area of Project 2 is the Chilliwack River drainage within NCNP.  The National Park Service currently manages both areas as “wilderness”.

B.  Procedures

Sampling will be conducted in the field via hook and line for adults and juveniles (Project 1 and Project 2), and netting (or possibly electro-fishing) for young of the year (Project 1 only).  Tissue samples from adults and juveniles will be obtained non-lethally via a fin clip from each individual and placed in individual tubes containing DNA extraction buffer.  In addition, each individual will be measured and a few scales sampled for potential life history analysis.  Sampling for young of the year will be lethal, since the fins of fish in this size class are too small to be sampled without harm to the fish.  Young of the year will be netted by either hand-held dip nets or small seine nets.  All lab work will be conducted at Western Fisheries Research Center, Biological Resources Division, USGS, Seattle.  DNA will be extracted from fin clips, each individual will be screened with our species-specific markers via PCR, and species and hybrids identified by visualization of markers in ethidium bromide stained, 2.0 % agarose gels.  Currently, we have approximately 11 rainbow-specific, 11 coastal cutthroat-specific and 9 westslope–specific molecular markers (occurring at frequencies greater than 0.99).  The maternal lineage of each individual will be identified by amplifying the ND2 region of the mitochondrial genome and digesting with the restriction enzyme Csp6I.  NCNP personnel will place water temperature data loggers within the Stehekin River above and below Bridge Creek and within Bridge Creek, and NCNP personnel will monitor the water temperature.

C.  Collections

Project 1:  Fifty fish (consisting of adult and juvenile westslope cutthroat trout, rainbow trout, and hybrids between both species) will be sampled non-lethally via a fin clip from each of the following seven locations within the Stehekin River: three different reaches between the Flat Creek and the Bridge Creek confluence; immediately below the Bridge Creek confluence; above the Agnes Creek confluence (Tumwater Camp area); below the Agnes Creek confluence (Bullion Camp area); and the Harlequin Campground area.  Additionally, fifty fish will be sampled non-lethally via a fin clip from each of the following four locations within Bridge Creek: between the Stehekin River confluence and the road bridge over Bridge Creek; above and below the North Fork Bridge Creek confluence, and within the North Fork Bridge Creek (Walker Park Camp area).  

Lethal sampling of young of the year will consist of fifty individuals each from the following five locations: two reaches between Park Creek and Bridge Creek confluence; immediately below the Bridge Creek confluence; within Bridge Creek between the Stehekin River confluence and the road bridge over Bridge Creek; and above the Agnes Creek confluence (Tumwater Camp area).  

Sample collections will not be specific to either westslope cutthroat trout or rainbow trout, rather all “trout” appearing individuals.  This will be done so as not to bias the sampling strategy toward one species or the other.  This will allow for representatives from both species and hybrids to be sampled equally.  Sampling will consist of three 5-7 day trips in the summer, 2002.  All non-lethally sampled individuals will be immediately released after a fin clip, scale sample, and size measurement has been taken.

Water temperatures within the Stehekin River above and below Bridge Creek and within Bridge Creek, and will monitored by NCNP personnel.
Project 2:  Fifty fish (consisting of adult and juvenile coastal cutthroat trout, rainbow trout, and hybrids between both species) will be sampled non-lethally via a fin clip from each of the following seven locations within the Chilliwack River drainage: Little Chilliwack River, Little Fork, Bear Creak, Indian Creek, Brush Creek, and the Chilliwack River above and below the Brush Creek confluence.  

Sample collections will not be specific to either coastal cutthroat trout or rainbow trout, rather all “trout” appearing individuals.  This will be done so as not to bias the sampling strategy toward one species or the other.  This will allow for representatives from both species and hybrids to be sampled equally.  Sampling will consist of two 5-7 day trips in the summer, 2002.  All individuals will be immediately released after a fin clip and size measurement has been taken.

D.  Analysis

Individuals will be scored for the presence and absence of each species-specific marker applied.  The extent of hybridization within and between populations will then be compared based on the genotype of each individual within each population.  The maternal lineage of each individual will be determined by a mtDNA marker that differentiates between cutthroat and rainbow trout.  mtDNA is maternally inherited and ideal for detecting the direction of hybridization, thus it can detect if backcrossing is bi-or uni-directional.  For Project 1, water temperature data will also be incorporated to determine if there is a correlation between water temperature and species/hybrid distribution.

E.  Schedule

Both projects will start in the summer of 2002, consisting exclusively of fieldwork at this time.  For Project 1, lab work and analysis of samples will begin in the fall of 2002 and be completed in the spring of 2003, and a manuscript should be completed by late fall, 2003.  Water temperatures will be monitored according to NCNP personnel schedules.  For Project 2, lab work and analysis of samples will begin in fall of 2002 and be completed in the spring of 2003, and a report will be submitted to NCNP describing the results.  If coastal cutthroat-rainbow hybrids are observed, then we will apply for a more extensive permit for 2003 in the Chilliwack drainage.

F.  Budget


All expenses will be paid by the Biological Resources Division, USGS.

V.  PRODUCTS

A.  Publications and reports

The results and conclusions of the research projects will be submitted as manuscripts for publication in peer reviewed journals, as applicable.  All results and conclusions will be provided to the National Park Service upon request.

B.  Collections

All tissue and scale samples collected will be stored at Western Fisheries Research Center, Biological Resources Division, US Geological Survey, 6505 NE 65th Street, Seattle, WA 98115.
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VII.  QUALIFICATIONS


All lab work will be conducted at Western Fisheries Research Center, Biological Resources Division. USGS.  The species-specific markers and protocol described within the proposal have been developed in our lab (Ostberg and Rodriguez 2002).  These markers have already been applied to samples collected from the Stehekin River drainage, NCNP in 1999 and 2002, and we are also in the third year of a three-year study examining hybridization between coastal cutthroat trout and steelhead on the northern Olympic Peninsula, WA.  Both Carl Ostberg and Rusty Rodriguez will be involved with both field and lab work, and 1 - 2 volunteers (unknown at this time) will assist in the field work.

