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INTRODUCTION

Appendix A of the Clark Fork Settlement Agreement (Avista 1999) addresses tributary
habitat enhancement for the benefit of native fish populations, including westslope cutthroat
trout Oncorhynchus clarkii lewisi (WCT). Both resident and migratory forms of WCT are found in
Lake Pend Oreille (LPO) and the lower Clark Fork River. Resident fish live entirely in the
streams from which they originate. Migratory fish spawn in tributary streams and migrate to the
larger waters of LPO or the Clark Fork River where they live as adults. Annual tributary
monitoring efforts have demonstrated many LPO tributaries hold relatively robust WCT
populations. However, in some LPO tributaries rainbow trout (RBT) O. mykiss overlap current
distributions of WCT. Where non-native RBT overlap with native WCT there is concern
hybridization between these two species has or may negatively impact WCT. Identification of
sources of hybridization could help guide prioritization of efforts to conserve native WCT.
Although not native, RBT are recognized as a key component of the current LPO fishery. The
native ranges of RBT and WCT naturally overlap in areas throughout the Columbia River basin
and co-evolved isolating mechanisms have prevented these species from hybridizing back into
a single taxon. Under this premise, it seems conceivable that RBT strains from populations that
have co-evolved with WCT could also exist in sympatry when stocked into areas occupied by
previously allopatric populations of westslope cutthroat trout. lIdaho Department of Fish and
Game (IDFG) stocking records identify multiple strains of RBT have been stocked in numerous
locations in the LPO drainage. Gerrard strain (Kamloops) RBT were widely stocked and are
native to the Kootenai River system where they co-evolved with WCT (Behnke 2002). IDFG
managers have hypothesized that the Gerrard RBT strain may exhibit more isolating
mechanisms than coastal origin RBT strains and would have less hybridization impact on WCT
within the drainage. Phenotypic identification (physical appearance) of RBT x WCT hybrids
collected in tributary abundance monitoring suggests hybridization rates are not uniform among
all tributary populations. Overlapping stocking records provide some evidence that locations
with higher hybrid abundance are consistent with locations of domestic hatchery rainbow trout
out plants. Determining the origin of RBT (coastal or redband) in tributaries where both species
occur could provide guidance in identifying priority locations to protect native WCT.

Prior genetic screening of WCT populations in LPO tributaries and in the lower Clark
Fork River showed a wide range of RBT admixture (0.007—0.998; Ardren et al. 2008). In this
work, RBT genes were found in most locations below passage barriers and hybridization at high
levels was identified in at least one location. Random mating between RBT and WCT was not
evident in most sampled populations and only one population was definitively classified as a
hybrid swarm. Although this research provided valuable insight, the origin of RBT was not
investigated.

The purpose of this evaluation is to assess the origins of RBT found in LPO tributaries
and resulting overlapping impacts of hybridization with native WCT. The results of this
evaluation could be used to guide future efforts to conserve pure WCT populations through
management of RBT where appropriate.

MEASURABLE OBJECTIVES

1. Determine the origin of established RBT populations in the LPO drainage (coastal
versus redband).



2. Determine the extent of RBT hybridization and introgression of WCT populations in the
Pack River and Lightning Creek drainages.

METHODS

Sampling

Samples collected to assess interspecific hybridization (hybridization between RBT and
WCT) were sampled regardless of phenotype (whether they looked like RBT, WCT, or hybrids)
or presumed genotype. Samples were collected from six tributaries in 2010, 2011, and/or 2012
(Table 1, Figures 1-5 and Appendix A). The tributaries included Caribou Creek, EF Lightning
Creek, Grouse Creek, Hellroaring Creek, NF Grouse Creek, and Porcupine Creek. Sampling
occurred throughout the length of the stream, from generally 4-5 sites per tributary (~10
samples per site). Survey sites were selected on systematic intervals from the confluence with
each stream’s parent stream. Stream distances were measured in kilometers using Garmin
Base Camp mapping software (Garmin Ltd. 2009). Spacing was dependent upon the total
length of the sample drainage. Survey sites in longer drainages were spaced every two
kilometers, whereas sites in shorter drainages were spaced every kilometer. The most upstream
survey site was determined based on one of the following criteria: as the site where water was
no longer found; as the site where fish were no longer sampled and not suspected to be present
further upstream; or where consistent sampling results relative to species composition and or
abundance suggested further surveys would provide low expected variation among additional
sample sites. The presence of physical barriers to upstream movement of fish was assessed for
all six tributaries. Four of the six sampled tributaries are not believed to be affected by migratory
barriers within the sampled reaches. However, migratory barriers were documented in two of
the sampled tributaries including Hellroaring Creek and N.F. Grouse Creek. Both documented
barriers consisted of natural bedrock waterfalls.

Fish were collected using a Smith-Root backpack electrofishing unit and pulsed DC
settings, typically at 50Hz, 2ms, and 800 to 900 volts. Fish were identified to species, measured
(total length; mm) and weighed (g). Species and hybrid crosses were identified phenotypically
and recorded. Characters for identifying RBT x WCT hybrids included individuals with throat
slashes typically of light intensity or broken in form and exhibiting heavy spotting below the
lateral line and toward the anterior end of the fish.

Genetic tissue samples used in describing hybridization rates were collected from a
random sample of fish at each survey site. Approximately 10 fish were blindly selected from all
captures of a single electrofishing pass at each survey site. Tissue samples were taken from
collected fish >65 mm, excluding presumed age zero fish smaller in size. Additional samples of
phenotypically identified rainbow trout were collected at nonsystematic targeted locations to
increase available samples used in describing rainbow trout strain origin. Additional rainbow
trout were only collected where insufficient rainbow trout samples were taken in systematic
sampling. Although these additional samples were screened with the same hybridization
markers, they were not included in hybridization/introgression calculations, since they were
targeted for collection.

Laboratory and Statistical Analyses

Following DNA extraction (Nexttec Genomic DNA Isolation Kit from XpressBio,
Thurmont, Maryland), all samples were screened for RBT hybridization/introgression



(interspecific hybridization) with seven diagnostic nuclear DNA (nDNA) markers (Occ34, Occ35,
Occ36, Occ37, Occ38, Occ42 and OMS5; Ostberg and Rodriquez 2002). All samples identified
as hybrids were re-extracted and re-genotyped for QA/QC purposes. With a sample size of 30
and 7 co-dominant nDNA loci, we have >95% probability of detecting RBT introgression in the
sample if it is present at a frequency of 1% or greater. All individuals were assigned as either
RBT, WCT, F; hybrids, rainbow trout backcrosses (RBTgc) or WCT backcrosses (WCTgc) based
on their multilocus genotypes using the Bayesian model-based clustering approach
implemented in the software program NewHybrids (Anderson and Thompson 2002). To test
whether samples (regardless of their genotype) could have been drawn from a single population
(hybrid swarm) each sample location was tested for Hardy—Weinberg equilibrium (HWE) with
GENEPOP on the Web (Raymond and Rousset 1995).

Hybridization is the crossing of individuals from different taxa and was calculated two
ways: as the percentage of hybrids observed out of the total samples examined and as the
percentage of fish within the collection identified as hybrid (WCTgc) out of the total samples
identified as WCTgc and WCT. In the results, we only describe hybridization for total samples
examined, but both hybridization estimates are reported in the summary table. Introgression is
the incorporation of genes from the genome of one species into another and for the purposes of
this study is calculated as the percentage of RBT alleles observed within samples identified as
WCT and samples identified as WCTgc hybrids. Samples identified as rainbow trout F; hybrids,
and RBTgc hybrids were not included in these calculations.

Following the screening of interspecific hybridization, all samples with genotypes
indicative of RBT (no WCT alleles) were screened with an additional 187 single nucleotide
polymorphic markers (SNPs) designed for genetic studies of O. mykiss throughout the Snake
River basin (Ackerman et al. 2011). A total of 277 samples were genotyped. Genotyping was
performed using Fluidigm 96.96 Dynamic Array IFCs “chips” following protocols described by
Ackerman et al. (2011). Chips were imaged on a Fluidigm EP1 system and analyzed and
scored using the Fluidigm SNP Genotyping Analysis Software version 3.1.1. Resulting
genotypes were stored on a Progeny database server housed at IDFG’s genetics lab.

Following SNP genotyping, temporal samples from the same location (Table 2) were
pooled and tested for deviations from Hardy—Weinberg equilibrium (HWE) using GENEPOP on
the Web (Raymond and Rousset 1995). Genetic diversity was measured by the number of
alleles per locus (N,), observed heterozygosity (Ho), and expected heterozygosity (Hg) using the
Microsatellite Toolkit for Microsoft Excel™ (Park 2001). GENEPOP on the Web was used to
perform exact tests to assess the significance of allelic differentiation between pairs of
populations and to estimate pairwise population differentiation (Fst; Weir and Cockerham 1984).

To examine genetic relationships among LPO RBT sample collections and compare
them to previously genotyped reference redband trout (REDBT) and reference hatchery RBT
populations, genetic chord distances (Cavalli-Sforza and Edwards 1967) between all collections
were estimated using GENDIST in PHYLIP version 3.5 (Felsenstein 1993). To help visualize
genetic relationships, a neighbor-joining dendrogram was generated from chord distances with
the program NEIGHBOR in PHYLIP using a bootstrapping algorithm. Bootstrap replicates of
1,000 iterations were attained with SEQBOOT, and a consensus tree was formed with
CONSENSE in PHYLIP. The dendrogram was edited and visualized using TreeGraph 2 (Stover
and Muller 2010).

A number of the SNP loci within the 187 SNP markers used in this study are diagnostic
between hatchery RBT strains (coastal origin) and REDBT native to the Columbia River basin



(Ackerman et al 2012). These are imperfect diagnostic markers in that only one of the alleles
exhibit fixed or nearly fixed differences between the two forms, but are still useful in assessing
intraspecific introgression. We compared allele frequencies at five of these diagnostic loci
between study populations and reference REDBT and reference coastal RBT populations
described below.

Reference populations used for comparison purposes are as follows: Redband trout
(Upper Snake River)-Rice Creek, Hat Creek, Big Jacks Creek, Shack Creek, Dry Creek and
Harrison Creek; Redband trout (Upper Columbia River)-Kootenay Hatchery and Kootenay Lake;
hatchery RBT (coastal origin)-Harrison, Arlee, McConaughy and Harrison/Desmet (all from the
Ennis Fish Hatchery, MT). Redband trout from the Kootenay Hatchery are Gerrard strain
REDBT. The Gerrard REDBT is considered a unigue strain that spawns in a limited 300 m
stretch of the upper Lardeau River, which is a tributary of the Duncan River and flows into the
north end of Kootenay Lake (Irvine 1978). All reference populations/samples had been
previously screened with the same set of 187 SNP markers used in this study.

RESULTS

Interspecific Hybridization and Introgression

Hybrids between RBT and WCT were detected in all sample locations (Tables 1 and 2).
The highest number of hybrids were observed in Caribou Creek (13/50 = 26.0%). Caribou
Creek also had the highest percentage of RBT introgression (3.4%). Hybridization in the
remaining sites ranged from 12.5% (Porcupine Creek) to 5.2% (Grouse Creek and NF Grouse).
Introgression ranged from 3.0% (Porcupine Creek) to 0.7% (EF Lightning Creek). Of the 32
hybrids identified, 14 were classified as RBTgc (43.8%) and 15 were classified as WCTgc
hybrids (46.9%). Only three first generation hybrids (F;) were detected (one each in Caribou, EF
Lightning, and Hellroaring creeks).

RBT were the most frequent species in sample collections from EF Lightning Creek
(60.0%), Grouse Creek (55.1%), and Hellroaring Creek (92.5%). WCT were the most frequent
species in sample collections from Caribou Creek (62.0%), NF Grouse Creek (51.7%), and
Porcupine Creek (87.5%).

RBT and WCT were sympatric in four tributaries (Caribou Creek, EF Lightning Creek,
Grouse Creek, and NF Grouse Creek). Genotype frequencies in all four locations deviated
significantly from HWE expectations (P <0.0001). In all four of these locations RBT, WCT, and
hybrids were not randomly distributed throughout the length of stream (Table 2). Instead, fish
with genotypes indicative of RBT and RBTgc hybrids generally dominated the lower elevation
sample sites and fish with genotypes indicative of WCT and WCTsc hybrids generally
dominated the higher elevation sample sites. Only pure WCT were identified at the most
upstream sampling site in every tributary. Alternatively, no WCT were observed at the most
downstream site in all tributaries except Porcupine Creek.

RBT Genetic Population Structure

Test for HWE supported the pooling of temporal samples from the same sample location
(data not shown). The only population that deviated from HWE expectations was Hellroaring
Creek. Seven of the samples from Hellroaring Creek were collected below a natural waterfall.
When these samples were separated into “above falls” and “below falls” groups, both collections



conformed to HWE expectations. Observed heterozygosity (Ho) ranged from 0.27 (EF Lightning
Creek) to 0.33 (Hellroaring Creek-below falls). Alleles per locus (N,) averaged 1.95 (3 sites) to
1.81 (Hellroaring Creek-above falls).

The tests for genetic differentiation showed significant differences between EF Lightning
Creek and sample locations within the Pack River drainage (Fst = 0.02-0.04; Table 4). Leave-
one-out tests (using GenAlEx), where each individual from a population is removed (one-at-a-
time) and their population of origin is estimated, indicated that the differentiation observed
between these drainages is high enough to accurately (>90%) assign unknown adults caught
within the lake to their correct drainage (data not shown).

Within the Pack River drainage, little differentiation was observed among three locations:
Caribou Creek, Grouse Creek, and NF Grouse Creek (Fst = 0.01). The exception to this pattern
of low within-drainage differentiation was observed in comparisons of Hellroaring Creek to the
other Pack River sample locations. Hellroaring Creek (above the falls) exhibited very high
differentiation from all other locations (Fst = 0.10-0.15). This included comparisons to samples
collected below the falls (Fst = 0.10). In contrast, samples from Hellroaring Creek (below the
falls), exhibited much lower (but significant) differences from other sample locations within the
Pack River drainage (Fst = 0.02-0.04).

When RBT populations from LPO (this study) were compared to reference populations,
all but Hellroaring Creek (above falls) clustered strongly with samples from the Kootenay
Hatchery and from Kootenay Lake (99% support; Figure 6) and were very distinct from REDBT
from the upper Snake River and coastal origin rainbow trout. Samples from Hellroaring Creek
(above falls) clustered strongly with reference hatchery, coastal origin RBT (100% support).
Comparisons of allele frequencies at loci diagnostic between hatchery RBT and REDBT were
generally consistent with the findings above. Hellroaring Creek (above the falls) exhibited the
highest frequency of diagnostic coastal RBT alleles (23.3% - 56.7%; Table 5). However,
diagnostic coastal RBT alleles were also observed in the other sample locations (3.4% - 20.5%),
suggesting that these populations are likely introgressed with coastal RBT. No diagnostic
coastal RBT alleles were observed in samples from Kootenay Lake or the Kootenai Fish
Hatchery (Table 5).

DISCUSSION

Rainbow/redband trout are not native to the LPO drainage. Barrier falls on the Pend
Oreille River, just downstream of LPO (Albeni Falls and Metaline Falls), prevented the upstream
migration and colonization of O. mykiss following glaciation roughly 10,000 to 30,000 years ago
(Behnke 2002). Previous studies have demonstrated that when non-native RBT have been
stocked into areas occupied by WCT, and have become established, a genotypic gradient forms
(Rubidge et al. 2001; Hitt et al. 2003; Robinson 2007; Rasmussen et al. 2010; Corsi 2011). The
gradient consists of pure rainbow trout in lower elevations that have colonized and displaced
WCT, pure WCT in higher elevations, and an intermediate hybrid zone in between. The
formation and maintenance of this gradient is believed to be associated with multiple species-
specific environmental variables (e.g. temperature, discharge, habitat, productivity) that control
the selection and competitive ability of these two species.

Robinson (2007) makes a compelling argument that the anadromous evolutionary
history of RBT shaped traits for a faster growth/lower survivorship life-history, which provides a
competitive advantage over WCT in warmer, more productive, lower elevation stream reaches.



Alternatively, WCT evolved the slower growth/higher survivorship life history of a non-
anadromous salmonid, living in colder, less productive streams. Consequently, WCT continue to
outcompete RBT in headwater streams that exhibit these environmental characteristics.

In this study, it was hypothesized that REDBT populations of Gerrard redband trout
strain origin may exhibit more isolating mechanisms than coastal origin RBT and would have
less hybridization impact on WCT within the drainage. We only detected one RBT population
among the study sites that exhibited clear evidence of having a coastal RBT ancestry. Samples
from Hellroaring Creek (above the falls) were highly differentiated from RBT in all of the other
sample locations within the LPO drainage and instead clustered strongly with hatchery RBT
reference populations (coastal origin) from the Ennis Fish Hatchery. However, no hybrids (or
WCT) were detected in this population. Given the differentiation observed between RBT
collected above and below the falls in Hellroaring Creek, it appears that it is likely an effective
migration barrier (at least upstream). The lack of WCT above the falls could be due to a number
of explanations, including that they never historically existed above the falls, were extirpated
due to natural or anthropogenic environmental influences, or were displaced by stocked RBT.
Regardless, without evidence of hybridization or introgression, we have nothing to compare to
other populations throughout the drainage. The remaining O. mykiss populations sampled all
appeared to have an ancestry of predominantly Gerrard strain REDBT origin, although there is
some evidence of introgression from coastal hatchery RBT stocks. This is consistent with
findings from Leary et al (1984) who reported that approximately 75% of the alleles within
samples from LPO were from Gerrard strain REDBT, with the remaining 25% from other
hatchery RBT strains.

The coastal RBT introgression found throughout our study sample locations further
inhibits our ability to contrast/compare the interspecific hybridization patterns that might come
from pure Gerrard strain REDBT, which co-evolved with WCT, versus those that might be
produced from coastal hatchery RBT, which did not. What we can say is that the overall pattern
of hybridization and introgression is very similar to what has been reported in a variety of other
studies involving introduced RBT and native WCT (Rubidge et al. 2001; Hitt et al. 2003;
Robinson 2007; Rasmussen et al. 2010). In this study, we observe the commonly described
genotypic gradient in almost every site and over remarkably short distances. For example, in EF
Lightning Creek the distribution ranges from all RBT (lowest elevation site) to all WCT (highest
elevation site) in only ~6 km. This gradient is observed in Caribou Creek, Grouse Creek, and
E.F. Lightning Creek, tributaries that do not contain migration barriers in between sites sampled
in this study. Thus, the distribution of RBT, WCT, and HYB must be influenced by other
environmental factors. Interestingly, this hybridization gradient is also observed in areas where
REDBT and WCT are naturally sympatric (Kozfkay et al. 2007).

Excluding Caribou Creek, which exhibited the highest levels of hybridization and
introgression, our remaining sites exhibited hybridization levels (5.2% - 12.5%) and
introgression levels (0.7% - 3.4%), within the range observed in tributaries to the MF Salmon
River: hybridization levels 1.7% - 10.9% and introgression levels <1.0% - 8.0% (Kozfkay et al.
2007).

MANAGEMENT IMPLICATIONS
Given the extent of hybridization and introgression we observed in this study, and the

dual IDFG management goals for LPO of maintaining the Gerrard RBT fishery and protecting
LPO WCT populations, management direction in the Pack River and Lightning Creek drainages



is not straight-forward. If environmental conditions remain the same in headwater areas (cold
and unproductive), it seems likely that pure WCT populations could continue to exist in sympatry
with RBT populations into the foreseeable future. Localized State, federal, and tribal
management actions that reduce and/or maintain water temperatures and nutrient levels within
the drainage would likely increase that possibility (MDEQ, IDEQ, WDOE, and Kalispell Tribe
2007). However, a pattern of regional warming has been documented throughout western North
America (Booth et al. 2011) and these climatic increases in temperature could shift the
distribution of RBT and hybrids upstream leading to either further reductions or elimination of
pure WCT populations (Rasmussen et al. 2010). Previous studies have documented an
increase in hybridization and introgression over time in other Columbia River drainages
(Rubidge et al. 2001; Hitt et al. 2003). However, it is unclear whether these increases are
specifically due to changing environmental conditions, or whether the establishment of RBT and
hybrids in these areas is recent enough that they have not yet completed colonizing areas of
preferred habitat.

Although managers will likely be interested in limiting further RBT range expansion in the
two drainages, options for doing so may be limited. Previous efforts to decrease RBT in LPO
through an angler incentive harvest program has not generated exploitation rates high enough
to significantly reduce abundance (Wahl et al. 2013). The operation of weirs to reduce RBT
spawning in tributaries has been used previously by IDFG in other drainages in Idaho (High
2010). However, high precipitation and rain-on-snow events (Stovall 2000), present runoff
conditions in the LPO drainage that will likely make the use of weirs challenging, if not
impossible.

To further inform future IDFG management direction in these two LPO tributaries, it will
be important that agencies continue environmental (stream temperature, flow, productivity) and
population (distribution, abundance, survival) monitoring programs. Work particularly focused
around the observed hybrid zones may be especially valuable and cost-effective.



ACKNOWLEDGMENTS

Special thanks to Rob Jakubowski and John Sufras for assistance with genetic
sampling. Amanda Boone assisted with laboratory work and Jesse McCane handled sample
and genotype data management. Funding for this project was provided by the Avista
Corporation (Contract No. R-37922) as part of the Clark Fork Settlement Agreement.



REFERENCES

Avista. 1999. Application for New License, Volume lll, Clark Fork Settlement Agreement.
http://www.avistautilities.com/environment/clarkfork/Documents/Settlement|%20Agreem
ent%20011599.pdf

Ackerman, M.W., J. McCane, C.A. Steele, M.R. Campbell, A.P. Matala, J.E. Hess, and S.R.
Narum. 2012. Chinook and steelhead genotyping for genetic stock identification at Lower
Granite Dam. ldaho Department of Fish and Game Report 12-15. Annual Report 2011,
BPA Project 2010-026-00.

Ackerman, M., J. McCane, C. Steele, M. Campbell, A. Matala, J. Hess, and S. Narum. 2011.
Chinook and steelhead genotyping for genetic stock identification at Lower Granite Dam.
Idaho Department of Fish and Game Report 11-113. Annual report 2010, BPA Project
2010-026-00.

Anderson, E.C., and E.A. Thompson. 2002. A model-based method for identifying species
hybrids using multilocus genetic data. Genetics 160(3):1217-1229.

Ardren, W., M. Diggs and S. Bernall. 2008. Genetic Analysis of Westslope Cutthroat Trout at
CGD and Noxon Rapids Dam: Geographic Origins, Hybridization, and Management
Implications. Final Report to Avista Corporation, Noxon, Montana and U.S. Fish and
Wildlife Service, Creston, Montana.

Behnke, R.J. 2002. Trout and Salmon of North America. The Free Press: Simon & Schuster Inc.
New York. 359.

Booth, E.L.J., J.M. Byrne, and D.L. Johnson. 2011. Climatic changes in western North America,
1950-2005. International Journal of Climatology. 32:2283—-2300

Cavalli-Sforza, L.L., and AW.F. Edwards. 1967. Phylogenetic analysis: models and estimation
procedures. Evolution 21:550-570.

Corsi, M.P. 2011. Management and life history consequences of hybridization between
westslope cutthroat trout (Oncorhynchus clarkii lewisi) and rainbow trout (Oncorhynchus
mykiss). Dissertation. University of Montana. Missoula, MT.
http://etd.lib.umt.edu/theses/available/etd-04112012-123938/unrestricted/Corsi_umt
0136D_10159.pdf.

Felsenstein, J. 1993. PHYLIP (Phylogeny Inference Package), version 3.5c. Department of
Genetics, University of Washington, Seattle. Available: http://evolution.genetics.
washington.edu/phylip.html. (July 2013).

Garmin LTD. 2009. Garmin Products: Basecamp. http://www.garmin.com/en-US/shop/
downloads/basecamp. Accessed 24 Sep 2013.

High, B. 2010. Yellowstone cutthroat trout conservation efforts on the South Fork Snake River.
Pages 275-284 in R. F. Carline and C. LoSapio, (editors), Conserving wild trout.
Proceedings of the Wild Trout X Symposium, Bozeman, Montana.


http://www.avistautilities.com/environment/clarkfork/Documents/Settlementl%20Agreement%20011599.pdf
http://www.avistautilities.com/environment/clarkfork/Documents/Settlementl%20Agreement%20011599.pdf
http://etd.lib.umt.edu/theses/available/etd-04112012-123938/unrestricted/Corsi_umt_%E2%80%8C0136D_10159.pdf
http://etd.lib.umt.edu/theses/available/etd-04112012-123938/unrestricted/Corsi_umt_%E2%80%8C0136D_10159.pdf
http://evolution.genetics.washington.edu/phylip.html
http://evolution.genetics.washington.edu/phylip.html
http://www.garmin.com/en-US/shop/%E2%80%8Cdownloads/basecamp.%20Accessed%2024%20Sep%202013
http://www.garmin.com/en-US/shop/%E2%80%8Cdownloads/basecamp.%20Accessed%2024%20Sep%202013

Hitt, N.P., C.A. Frissell, C.C. Muhlfeld, and F.W. Allendorf. 2003. Spread of hybridization
between native westslope cutthroat trout, Oncorhynchus clarkii lewisi, and nonnative
rainbow trout, Oncorhynchus mykiss. Canadian Journal of Fisheries and Aquatic
Sciences. 60:1440-1451.

Irvine, J.R. 1978. The Gerrard rainbow trout of Kootenay Lake, British Columbia — a discussion
of their life history with management, research and enhancement recommendations.
B.C. Fish and Wildlife Branch, Fisheries Management Report No. 72.

Kozfkay, C.C., M.R. Campbell, S.P. Yundt, M.P. Peterson, and M.S. Powell. 2007. Incidence of
hybridization between naturally sympatric westslope cutthroat trout and rainbow trout in
the middle fork Salmon River drainage, Idaho. Transactions of the American Fisheries
Society. 136:624-638.

Leary R.F., F.W. Allendorf, S.R. Phelps, K.L. Knudsen. 1984. Introgression between westslope
cutthroat and rainbow trout in the Clark Fork River drainage. Proceedings of the
Montana Academy of Sciences, 43, 1-18.

MDEQ, IDEQ, WDOE, Kalispell Tribe (Montana Department of Environmental Quality, Idaho
Department of Environmental Quality, Washington Department of Ecology, and the
Kalispell Tribe of Indians). 2007. Clark Fork — Pend Oreille Watershed Management
Plan: Management Strategies for the Next Decade 2001 — 2017.

Ostberg, C.0O., and R.J. Rodriguez. 2002. Novel molecular markers differentiate Oncorhynchus
mykiss (rainbow trout and steelhead) and the O. clarkii (cutthroat trout) subspecies.
Molecular Ecology Notes 2 (3), 197-202.

Park, S.D.E. 2001. Trypanotolerance in West African cattle and the population genetic effects of
selection. Doctoral dissertation. University of Dublin, Dublin.

Rasmussen, J.B., M.D. Robinson, and D.D. Heath. 2010. Ecological consequences of
hybridization between native westslope cutthroat (Oncorhynchus clarkii lewisi) and
introduced rainbow (Oncorhynchus Mykiss) trout: effects on life history and habitat use.
Canadian Journal of Fisheries and Aquatic Sciences 67: 357-370.

Raymond, M. and F. Rousset. 1995. GENEPOP (version 1.2): Population genetics software for
exact tests and ecumenicism. Journal of Heredity. 86:248-249

Robinson, M.D. 2007. Ecological consequences of hybridization between introduced rainbow
trout (Oncorhynchus mykiss) and native westslope cutthroat trout (O. clarkii lewisi) in the
Upper Oldman River, Alberta. M.Sc. thesis, University of Lethbridge, Lethbridge, Alberta.

Rubidge, E.M., P. Corbett, and E.B. Taylor. 2001. A molecular analysis of hybridization between
native westslope cutthroat trout and introduced rainbow trout in southeastern British
Columbia, Canada. Journal of Fish Biology. 59(Suppl.A):42-54.

Stovall, S. H., editor. 2000. Pend Oreille subbasin summary. Prepared for the Northwest Power
Planning Council, Portland, Oregon. 200 pp. (http://www.cbfwf.org)

Stover, B.C., and K.F. Muller. 2010. TreeGraph 2: combining and visualizing evidence from
different phylogenetic analyses. BMC Bioinformatics [online serial] 11: article 7.

10


http://www.cbfwf.org/

Wabhl, N.C., A.M. Dux, W.J. Ament, and W. Harryman. 2013. Lake Pend Oreille Research, 2009.
Idaho Department of Fish and Game, Annual Report to Bonneville Power Administration,
Contract Number 41509, Report Number 11-08, Portland, Oregon.

Weir, B.S., and C.C. Cockerham. 1984. Estimating F-statistics for the analysis of population
structure. Evolution. 38:1358-1370.

11



Table 1.

Sampling location, number of samples with genotypes indicative of cutthroat trout

(WCT), rainbow trout (RBT), F;1 Hybrids (F,), rainbow trout backcrosses (RBTgc),
westslope cutthroat trout backcrosses (WCTgc), and sample size (N). The
percentage of fish within the collection identified as hybrid (HYB), the percentage
of fish within the collection identified as hybrid (HYBwct) out of samples identified
as WCTgc and WCT, and the percentage of RBT introgression (INT) observed is
also shown. Hardy Hardy-Weinberg (HWE) test results are reported: HS = Highly
Significant; NS = Not Significant. Collection sites in bold are were sampled
randomly to assess hybridization and introgression. Italicized locations were
sampled specifically to increase the sample size of rainbow trout.

Sampling location WCT RBT F; RBTgc WCTge N HYBt HYBwer INT HWE
CaribouCr.'11 31 6 1 7 5 50 26.0% 13.9% 3.4% HS
Caribou Cr. '12 50 6 56 N/A N/A N/A  N/A
E. F. Lightning Cr.'12 19 36 1 3 1 60 8.3% 50% 0.7% HS
E. F. Lightning Cr. '12 23 1 24  N/A N/A N/A  N/A
Grouse Cr.'10 23 32 1 2 58 5.2% 8.0% 1.1% HS
Grouse Cr. '12 32 32 N/A N/A N/A  N/A
Hellroaring Cr. '12 37 1 40 7.5% N/A N/A NS
N.F. Grouse Cr.'10 30 25 2 58 5.2% 6.3% 2.7% HS
N. F. Grouse Cr. '12 36 36 N/A N/A N/A  N/A
PorcupineCr.'12 35 5 40 125% 125% 3.0% NS
Grand Total 138 277 3 21 15 454
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Table 2. Sample location and section, elevation in meters, and the number of samples
with genotypes indicative of cutthroat trout (WCT), rainbow trout (RBT), F;
Hybrids (F1), rainbow trout backcrosses (RBTgc), westslope cutthroat trout
backcrosses (WCTgc) by sample site. Sections are numbered to correspond with
approximate distance upstream (km) from the mouth (number increases moving

upstream).
Sample
Location/Section Elevation (m) RBT RBTgc F. WCTgc WCT
Caribou Cr. '11
9 1230 10
7 1062 10
5 955 4 6
3 802 2 3 5
1 687 4 4 1 1
NF Grouse Cr. '10

10 1038 10
9 1002 10
8 949 10
3 803 7 1

2 783 8 1 1

1 768 10

Grouse Cr. '10

30 1208 10
28 1123 1 9
26 1058 4 2 4
19 714 10

8 688 8

6 653 10

Hellroaring Cr. '12

7 1180 10

5 1008 10

3 854 10

1 711 7 2 1

EF Lightning Cr. '12

7 1136 10

5.5 1048 2 9
5 1009 3 1 1

3 907 10

A 874 13 1

1 846 10

Porcupine Cr. '12

4 1121 10
3 1064 1 9
2 988 1 9
1 939 3 7
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Table 3. Sample location, sample size (N) of O. mykiss genotyped, expected (Hg) and
observed (Ho) heterozygosity, and average number of alleles per locus (Na).

Sample Location N He Ho Na
Caribou Creek 56 0.298 0.300 1.95

E. F. Lightning Creek 59 0.271 0.270 1.95

Grouse Creek 64 0.291 0.285 1.95
Hellroaring Creek (above falls) 30 0.301 0.272 1.81
Hellroaring Creek (below falls) 7 0.328 0.298 1.85
N. F. Grouse Creek 61 0.282 0.279 1.94
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Table 4. Pairwise comparisons of genetic differentiation (Fst) between and reference redband trout samples from Kootenay
Lake and the Kootenay Hatchery (Gerrard strain redband trout). Values in bold show comparisons that exhibited
significant allelic differentiation using exact G tests in Genepop.

Hellroaring Cr. Hellroaring Cr. Kootenay
Caribou Cr. EF Lightning Cr. Grouse Cr. (AF) (BF) NF Grouse Cr. Lake
EF Lightning Cr. 0.02
Grouse Cr. 0.01 0.02

Hellroaring Cr. (AF) 0.12 0.15 0.13
Hellroaring Cr. (BF) 0.02 0.04 0.03 0.10

NF Grouse Cr. 0.01 0.02 0.01 0.13 0.03

Kootenay Lake 0.05 0.04 0.05 0.23 0.09 0.05
Kootenay Hatchery 0.06 0.04 0.05 0.23 0.09 0.05 0.01
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Table 5. Allele frequencies at five diagnostic loci within study populations and reference redband trout and reference coastal
rainbow trout.

ACoastal Redband Redband ®Redband

EF NF Hellroaring Cr. Hellroaring Cr. Rainbow Reference Reference Reference
Locus Caribou Cr. Lightning Cr. Grouse Cr. Grouse Cr. (above) (below) Reference Kootenay Lk Kootenay H. Up. Snake R.
Omy_nach200
1 134 5.9 19.5 15.6 30.0 28.6 56.0 0.9
2 86.6 94.1 80.5 84.4 70.0 71.4 44.0 100.0 100.0 99.1
Omy_LDHB2_i6
1 17.0 3.4 125 20.5 56.7 35.7 333 1.3
2 83.0 96.6 87.5 79.5 43.3 64.3 66.7 100.0 100.0 98.7
OMS00014
1 11.6 10.2 9.4 11.5 23.3 7.1 64.7 2.2
2 88.4 89.8 90.6 88.5 76.7 92.9 35.3 100.0 100.0 97.8
OMS00149
1 4.5 6.8 7.1 4.1 33.3 35.7 333 0.9
2 95.5 93.2 92.9 95.9 66.7 64.3 66.7 100.0 100.0 99.1
Omy_sSOD1
1 17.0 6.8 7.0 12.3 36.7 214 17.9 0.2
2 83.0 93.2 93.0 87.7 63.3 78.6 82.1 100.0 100.0 99.8

Allele frequencies at all four coastal hatchery rainbow trout populations were averaged for reporting purposes.
Allele frequencies at all six redband trout populations were also averaged for reporting for reporting purposes.

16



Table 6. Table modified from Kozfkay et al (2007). Sampling location and total sample size (N), number of samples with
genotypes indicative of cutthroat trout (WCT-Like), first generation hybrids (F,; Hybrids), greater than F; hybrids (Fy
Hybrids), and rainbow trout (RBT-Like). The percentage of fish within the collection identified as hybrid (%
Hybridization) and the percentage of RBT introgression (% Introgression) observed is also shown. Kozfkay et al
(2007) did not calculate % hybridization. Here it is calculated as the number of F; Hybrids and Fy Hybrids observed out
of the total fish examined (N).

Sample Locations N WCT-Like F;Hybrids FyHybrids RBT-Like % Hybridization % Introgression
Upper mainstem Marble Creek 46 41 2 3 10.9% 1%
Middle mainstem Marble Creek 59 31 2 2 24 6.8% 2%

Big Cottonwood Creek 57 54 2 1 5.3% <1%
Trail Creek 44 8 1 35 2.3% 3%
Upper mainstem Indian Creek 56 56
Middle mainstem Indian Creek 58 35 1 22 1.7% 2%
Lower mainstem Indian Creek 57 26 1 30 1.8% 2%
Little Indian Creek 51 51
Lower Elkhorn Creek 20 6 1 2 11 15.0% 6%
Upper Elkhorn Creek 25 23 1 1 4.0% 3%
Garden Creek 50 50
Soldier Creek 54 3 1 2 48 5.6% 8%
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Figure 2. Tributary locations on Hellroaring Creek (upper unlabeled stream) and Caribou
Creek, ldaho, a tributary of the Pack River. Monitoring locations are numbered to
correspond with approximate distance upstream (km) from the mouth.
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Figure 3. Tributary sampling locations on Porcupine Creek, Idaho, a tributary to Lightning

Creek. Monitoring locations are numbered to correspond with approximate
distance upstream (km) from the mouth.
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Figure 4. Tributary sampling locations on East Fork Lightning Creek, Idaho, tributaries of
Lightning Creek. Monitoring locations are numbered to correspond with
approximate distance upstream (km) from the mouth.
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Figure 5. Tributary sampling locations on Grouse Creek and North Fork Grouse Creek,
Idaho. Monitoring locations are numbered to correspond with approximate
distance upstream (km) from the mouth.
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Hell Roaring Creek (LPO-Above waterfall)

Harrsion (Ennis)
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Figure 6.

Unrooted neighbor-joining dendrogram based on genetic chord distances
(Cavalli-Sforza and Edwards 1967), showing genetic relationships among sample
locations from Lake Pend Oreille (italicized and bold) and reference O. mykiss
populations. Bootstrap values are only listed if they exceeded 50% of the total
iterations (1,000).

23




Appendix A. Stream names, sampling sections, datum, zone and easting/northing
coordinates.

Stream section datum zone E N
Caribou Creek 1 WGS84 11 532247 5368773
Caribou Creek 3 WGS84 11 530642 5368553
Caribou Creek 5 WGS84 11 528623 5367868
Caribou Creek 7 WGS84 11 526926 5367258
Caribou Creek 9 WGS84 11 525384 5366188
Caribou Creek A WGS84 11 532175 5368781
Caribou Creek B WGS84 11 532165 5368827
East Fork Lightning Creek 1 WGS84 11 566642 5343817
East Fork Lightning Creek 3 WGS84 11 568025 5344916
East Fork Lightning Creek 5 WGS84 11 569773 5346024
East Fork Lightning Creek 55 WGS84 11 570398 5345956

WGS84 11 571579 5345754
WGS84 11 567376 5344356
WGS84 11 541380 5361707
WGS84 11 543001 5363201
WGS84 11 544178 5364399
WGS84 11 556191 5369810
WGS84 11 557455 5370163
WGS84 11 558964 5369441
WGS84 11 544623 5365103
WGS84 11 545554 5365103
WGS84 11 547057 5366883
WGS84 11 549981 5367779
WGS84 11 530780 5371306
WGS84 11 529148 5371238
WGS84 11 527180 5371099
WGS84 11 525169 5371349
WGS84 11 546271 5367174
WGS84 11 546555 5368000
WGS84 11 546682 5368861
WGS84 11 548905 5372380
WGS84 11 549606 5373170
WGS84 11 550230 5373465
WGS84 11 546689 5368850
WGS84 11 546479 5367798
WGS84 11 546321 5367357
WGS84 11 564188 5345910
WGS84 11 563366 5345438
WGS84 11 562604 5344846
WGS84 11 562146 5344732

East Fork Lightning Creek
East Fork Lightning Creek
Grouse Creek
Grouse Creek
Grouse Creek
Grouse Creek
Grouse Creek
Grouse Creek
Grouse Creek
Grouse Creek
Grouse Creek
Grouse Creek
Hellroaring Cr
Hellroaring Cr
Hellroaring Cr
Hellroaring Cr
NF Grouse Creek
NF Grouse Creek
NF Grouse Creek
NF Grouse Creek
NF Grouse Creek
NF Grouse Creek
NF Grouse Creek
NF Grouse Creek
NF Grouse Creek
Porcupine Creek
Porcupine Creek
Porcupine Creek
Porcupine Creek

PWONRPOT>PHO0O00NPFPNWwRTDOEI>ZEIRNE 0o >~
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