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Executive summary 

We inventoried and genotyped 10 tributary streams in the Swan River valley in order to develop 

strategies for conserving westslope cutthroat trout (WCT).  From these 10 streams we tentatively 

identified 14 WCT populations.  Population abundance estimates ranged from 154 to 5,505 age 

1+ cutthroat trout.  We discovered that nonnative brook trout had colonized three populations 

more than previously recognized.  One population (Lion Creek) had only a single individual 

captured and thus could not evaluate population or genetic characteristics.   

 

We collected genetic material from 393 individual cutthroat trout which 324 yielded high quality 

multi-locus genotypes.  We used 57 species-diagnostic SNP loci to quantify admixture 

(hybridization) with nonnative rainbow trout (RBT) and Yellowstone cutthroat trout (YCT).  

Statistical power to detect nonnative alleles was high (>99.9%) in all populations, assuming 

random sampling of fish and independence among loci.  Our findings suggest that 4 of the 14 

populations are genetically nonhybridized (pure) WCT with no admixture detected and thus have 

very high conservation value.  Three populations had very slight admixture with just a few 

nonnative alleles out of thousands, thereby still have conservation value.  Six populations 

contained multiple fish with RBT or YCT alleles which indicate reduced conservation value.   

 

We also genotyped 31 variable SNP loci to assess genetic variation within and between 8 of the 

populations.  We found that one population (Herrick Run) had 10-fold lower heterozygosity than 

other streams and appears to suffer from inbreeding depression, thus would benefit from 

introduction of new individuals.     

 

Background 

A 2010 assessment of the Swan River drainage found that westslope cutthroat trout occupy only 

20% of their historic range and existed in remnant populations in scattered tributary streams 

(Flathead National Forest et al, 2010).  The primary cause of decline was from competitive 

pressure from nonnative brook trout and hybridization with nonnative rainbow trout, 

Yellowstone cutthroat trout and possibly golden trout.  In order to prioritize restoration efforts, a 

collaborative group identified 18 tributary streams that had at least 100 individuals with known 

or suspected genetic purity greater than 95%.  With the advent of Collaborative Forest 

Landscape Restoration Program, there is genuine potential for conservation and restoration of 

these 18 remnant “conservation populations”.  Potential restoration measures could include 

isolating the populations from further invasions, removal of nonnative species, and possibly 

relocating some breeding individuals to bolster failing populations.  However, additional 

baseline information was needed in order to verify current status and prioritize work.  The 

baseline information would also be extremely helpful to monitor trend and gage success of 

restoration efforts.  This report details information learned about 12 of the 18 “conservation 

populations”.  We hope to gather data on the remaining 6 “conservation populations” in 2012.  

Figure 1 illustrates the locations of 18 “conservation populations” and locations of genetic 

samples collected in 2011. 
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Figure 1.  Map of Swan River system showing cutthroat trout conservation populations (green) and location of 2011 

sampling (red triangles).  Southwest Crown of Continent (SWCC) is the geographic focus of the Collaborative 

Forest Landscape Restoration Program.  SWCC extends to Blackfoot drainage as well but is not shown here. 
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Methods 

Field crews supplied by the Flathead National Forest, Northwest Connections, Montana Fish, 

Wildlife & Parks and University of Montana electrofished 10 “conservation populations” to gain 

more information about species distribution and collect genetic materials.  Two “conservation 

populations” had fairly recent data and were not sampled again in 2011 in order to minimize 

handling stress.  Field crews anesthetized and measured all individuals captured, regardless of 

species.  Small clippings from the caudal fin were extracted from the first 30-45 individuals that 

appeared to be cutthroat trout and placed in ethyl alcohol preservative.  In some streams, crews 

used block nets to isolate 100m of stream length and then conducted multiple pass depletions to 

gain population estimates.  Other streams we deferred population estimates due to very sparse 

numbers of cutthroat trout or channel conditions that precluded using block nets or other logistic 

constraints.  In these streams we simply collected Catch per Unit Effort (CPUE) data.  All fish 

were then released alive near point of capture.   

 

Three hundred ninety three individuals were sampled from 14 sites (tentatively identified as 

populations).  Of these samples, 324 individuals yielded clear genotypes at nearly all 95 SNP 

marker loci (Table 2).  From 95 SNP loci, 4 SNPs were in mtDNA genes, and 2 were sex 

identification loci, which we excluded from this report.  The 89 remaining SNP loci included 57 

species-diagnostic loci including 19 RBT-diagnostic loci, 18 WCT diagnostic loci, and 20 YCT 

diagnostic markers, and one redband (RBT) semi-diagnostic locus.  One locus was dropped due 

to strong deviation from Hardy-Weinberg proportions.  The remaining 31 loci are variable SNP 

loci within WCT.  These variable loci are useful for measuring genetic diversity within and 

between populations.  

 

Unfortunately 69 out of 393 individuals sampled did not yield usable materials.  These samples 

were either missing altogether or misidentified species (young-of-year brook trout) or failed to 

yield high quality genotypes.  We retained data from individuals with missing genotypes at <6  

loci (of 89 ) but discarded those with more than 5 loci that failed to yet high quality genotypes.  

Furthermore, our efforts to utilize older materials (collected in 2006 and 2008) were not 

successful.  For this reason, we had to defer analysis of Whitetail Creek and South Fork Lost 

Creek populations.  However, we compensated by analyzing additional samples in Kraft Creek 

watershed.  Land managers were considering isolating this population in the near future and 

needed detailed information to inform their decision.    

 
Table 1.  Number (N) and quality of samples genotyped from each of the 2011 collection sites plus 

two older samples.  Streams listed from north to south. 

 

Population 

Total 

N N Good 

% 

Good 

N marginal  

(3-5NC)
 1

 

N low DNA 

(>5 NC) N Brook
2
 

Wolf 31 30 97 0 0 0 

Sixmile 30 30 100 1 0 0 

Groom 30 30 100 0 0 0 

Upper Cedar 28 24 86 1 3 0 

Lower Cedar 12 10 83 0 2 0 

Upper Piper 31 29 94 0 2 0 

Lower Piper 35 27 77 1 7 0 

Lion 1 1 100 0 0 0 
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Lower Kraft 32 27 84 4 2 0 

Upper Kraft 32 10 31 6 21 0 

Red Butte 32 14 44 4 16 0 

Herrick Run 34 34 100 1 0 0 

Owl 30 24 80 1 0 5 

Up Swan 35 34 97 0 0 0 

Averages = 393          324  83% 

   Whitetail
4
 30 0 0 

   SF Lost
4
 30 0 0 

   
            

  

1 
Only 3-5 loci had a no call genotypes (and thus were used in this study).       

2 
Brook trout.  These fish 

were incorrectly identified in the field. 
3 

Samples collected 2006-2008. More than 5 loci with no call and 

not useable in this report. 

 

 

Statistical power was high (>99.9%) for detection of nonnative admixture (nonnative alleles) in 

each population (e.g., Amish et al. 2012).  This is true even for the Upper Kraft Creek site for 

which only 10 fish yielded high quality multi-locus genotypes.  The high power results from 

having 35 diagnostic loci for detecting RBT admixture (18 RBT and 17 WCT diagnostic loci) 

and 37 diagnostic loci for detecting YCT admixture (20 YCT and 17 WCT diagnostic loci).   

 

We used 31 loci to determine heterozygosity of nine populations with large numbers of pure 

WCT individuals.  We deferred analysis on the other 5 populations due to limited numbers of 

pure individuals.  To compute variation metrics within and between the 9 populations we 

removed individuals with more than one nonnative allele from the dataset.  This removal had 

very little effect on estimates of population variation (heterozygosity or number of alleles per 

locus).   

 

Results of Population Inventories 

Seven of the 10 “conservation populations” were judged to be limited enough spatially so that 

one 100m sample adequately typifies the entire population.  However the Kraft Creek population 

extends over 18 km and this was divided into four populations named Lower Kraft, Upper Kraft, 

Red Butte and Hemlock.  Hemlock was sampled in 2010 so this effort focused on the remaining 

three.  Cedar and Piper Creeks each extend over 6 km and these were also divided into upper and 

lower populations.  Table 2 summarizes the results of 14 population inventories in 2011. 

 
Table 2.  Population estimates in streams listed from north to south.  Population estimates are individuals greater 

than 7cm total length.  Confidence intervals are p=.95 of avoiding Type I error.  The symbol “?” means just 

professional opinion with no confidence interval 

Population Cutthroat 

Trout per 100m 

Brook trout 

per 100m 

Estimator 

used 

Total length of 

habitat 

Total Population 

1. Wolf 17 0 CPUE 2.4 km 400-800? 

2. Sixmile 13-15 0 CPUE 3.2 km 700? 

3.  Groom 43.9 

 (38.9-48.9) 

0 Zippin 4.6 km 2,052  

(1820-2286) 

4a. Upper Cedar 29.7 

(25.6-33.9) 

0 Zippin 7.1 km total 

stream 

2,109?  Unclear 

distinction 
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between upper 

and lower 

4b. Lower Cedar 10 0 CPUE   

5a. Upper Piper 70.4  

(51.6-89.2) 

0 Zippin 7.8 km total 

stream 

5,491? Unclear 

distinction 

between upper 

and lower 

5b. Lower Piper 30 0 CPUE   

6. Lion < 1 0 Insufficient 

capture 

5.3 km Less than 50? 

7a.  Lower Kraft 67 47 CPUE 3.3 km 2264? 

7b. Upper Kraft 32.0 

 (27.2-36.2) 

68.7  

(63.7-73.7) 

Seber-LeCren 4 km 1288 

(1095-1457) 

7c. Hemlock 

(2010 data) 

14.3  

(9.9-18.6) 

36.4 

(20.6-52.1) 

Zippin 6.4 km 920 

(634-1191) 

7d. Red Butte 18.9  

(15.3-22.5) 

<1 Zippin 5.2 km 983 

(796-1170) 

8. Herrick Run 24.0 

 (4.2-28.2) 

0 Zippin 0.6 km  154  

(25-169) 

9. Owl 5 30 CPUE 2.1 km 105? 

10. Upper Swan 

River 

24 0 CPUE 9.7 km 2339? 

 

 

Results for Admixture Detection 
We assessed population admixture from nonnative fish taxa by (1) computing the percent of the 

diagnostic alleles that were from westslope cutthroat trout and (2) by computing the percent of 

individuals with at least one nonnative allele.  Table 3 presents the results of admixture 

detection.  Some populations had been sampled in previous years with different techniques and 

we include this data for comparison. 

 
Table 3.  Percent westslope cutthroat trout (WCT) alleles in current (2011) samples genotyped using 57 diagnostic 

SNP loci (114 alleles).  The left 4 columns show historical samples genotyped using 10-15 allozymes, “PINES” 

(paired interspersed nuclear DNA elements), or indel (insertion/deletion) markers.  If multiple sampling had taken 

place over the years, the most recent data are displayed.  Dashes indicate the population has never before been 

sampled.  Populations are listed from North to South. 

 

 Previous Data 2011 genotype with 57 diagnostic SNP loci 

(114 alleles) 

Population Year N  Analysis 

Type 

Results 

% WCT 

N  Results 

 % WCT 

N of 

individuals 

with 

nonnative 

allele 

Max N of 

nonnativ

e alleles 

per 

individual  

Wolf 1999 11 PINES 98 30 100 0 0 

Sixmile 1983 25 Allozymes 100 30 100 0 0 

Groom 1983 25 Allozymes 100 30 100 0 0 
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Lower Cedar 2006 25 Indels 100 10 99.8 2 1 

Upper Cedar  ---    24 99 13 8 

Lower Piper  ---    27 96 19 6 

Upper Piper   ---    29 99 17 3 

Lion  ---    1 100    

Lower Kraft 2004 18 PINES 95 27 88 21 63 

Upper Kraft 2003 20 PINES 100 10 99.2 3 5 

Red Butte 2002 20 PINES 100 14 100 0 0 

Owl 2007 10 Indels 100 24 99.7 5 3 

Herrick Run 2005 25 Indels 100 34 99.9 1 1 

Upper Swan  ---    34 99.8 2 5 

 

Our results suggest that just four populations are 100% westslope cutthroat trout with no 

admixture detected (Wolf, Groom, Sixmile and Red Butte).  Curiously, the Wolf Creek 

population was previously reported at 98% purity.  This may be a reflection of sampling error or 

the possibility that those individuals with nonnative alleles did not successfully reproduce.  

Replicate sampling within a generation of fish (roughly 4-5 years) would be invaluable to study 

this phenomenon. 

 

Every population (except Lower Kraft) had more than 95% average purity.  An interagency 

conservation strategy recommends that all populations at least 90% pure have conservation 

efforts (Montana Department of Fish, Wildlife & Parks 2007).  However we recommend 

consideration of the number of hybrid individuals and quantity of nonnative alleles more so than 

simple overall averages.  For example, both the Herrick Run and the Upper Swan River 

populations are more than 99% pure.   Herrick Run had only one individual with one nonnative 

allele (among 114 diagnostic alleles genotyped) from 34 individuals sampled; this represents 

99.97% (pure) WCT alleles (1/ 34*114 = 1/ 3876 = 0.0003 nonnative).  This very low level of 

nonnative alleles makes the population worthy of conservation.  In comparison Upper Piper had 

17 individuals out of 31 with at least one nonnative allele and some had 3 nonnative alleles.  This 

represents much further degradation of genetic purity and evidence of backcrossed hybridization. 

 

Yellowstone cutthroat trout (YCT) alleles were observed in 8 out of 9 admixed populations.  It is 

possible that some YCT ‘diagnostic’ loci and alleles are not uniformly diagnostic, because some 

YCT alleles might naturally occur at low frequency in some WCT populations.  This means that 

populations with only 1 or 2 YCT alleles may actually still be potentially pure WCT.  These 

situations were found in Herrick Run, Lower Cedar, and Upper Swan.  Upper Kraft Creek had 4 

YCT alleles in some individuals, making it a borderline case.  Further research of the frequency 

of YCT-diagnostic alleles in WCT would be invaluable to conservation efforts.The remaining 6 

populations had proportionally more individuals with nonnative alleles. The Kraft Creek 

watershed populations have declined in genetic purity since the 2003-2004 sampling.  Lower 

Kraft Creek had the highest admixture with only 88% pure WCT alleles.  Twenty one individuals 

of 27 (78%) had at least one nonnative allele and one individual had 63 nonnative alleles.  Lower 

Kraft Creek appears to have become more 27% hybridized since the 2004 sample.  Upper Kraft 

also has reduced purity with 30% of the individuals sampled having at least one nonnative allele.  

We recognize that some of this difference may be due to using more powerful marker sets which 

were not available earlier.  But the widespread admixture (including the 2010 Hemlock Creek 
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sample) and the uniform gradient of admixture traveling upstream strongly suggests the Kraft 

Creek watershed is systematically deteriorating over time.  

 

Upper Cedar Creek is also an interesting population.   YCT introgression was substantial (at 9 

loci) in Upper Cedar but not in Lower Cedar (at only 2 loci).  Conventional thinking is that 

hybridization spreads upstream and yet in Cedar Creek, it seems the YCT alleles are spreading 

downstream from mountain lakes.  It is possible that the 2 hybrid individuals in Lower Cedar 

Creek are in fact transients from Upper Cedar Creek and there is no distinct segregation between 

these two stream reaches.  Additional sampling and genotyping would clarify the hybridization 

status of Lower Cedar and improve understanding of the extent of YCT introgression.   

 

No interpretation is possible for Lion Creek.  Sampling captured only one individual, although it 

is a pure WCT.   

 

Results for Variation within Populations: 

The mean heterozygosity (He) among populations was 0.200 (range:  0.163-0.280), not including 

Herrick Run.  Table 4 below summarizes the results.  Heterozygosity for Herrick Run was nearly 

an order of magnitude lower in (He = 0.028) compared to the mean among other populations.  

The percentage of loci polymorphic (% PM) was also lowest at Herrick Run (13%) compared to 

93.8% at Groom and a mean of 70% among populations.  These data suggest Herrick Run could 

potentially be suffering reduced fitness due to low variation and inbreeding.  

                                                                                                                                             
_________________________________________________________________________________
Table 4.  Heterozygosity expected (He) and observed (Ho) and the mean number of alleles (A) observed in the nine 

populations that had few or no nonnative alleles.  Herrick Run heterozygosity is highlighted to show the very low 

value.  The largest number in each column is bold.   

 

Population N He Ho FIS A % PM 

Groom 30 0.265 0.259 -0.014 1.97 93.75% 

Herrick Run 34 0.028 0.021 0.006 1.12 12.50% 

Low Cedar 10 0.201 0.196 -0.029 1.73~ 78.13% 

Wolf 30 0.163 0.162 -0.002 1.60 59.38% 

Owl 25 0.280 0.293 -0.027 1.87 87.50% 

 Up Swan 34 0.238 0.245 -0.009 1.93 90.63% 

Six mile 30 0.208 0.208 -0.011 1.70 75.00% 

Red Butte 14 0.200 0.232 -0.146 1.53 59.38% 

Up Kraft  8 0.180 0.242 0.271^ 1.75~ 78.13% 

Mean 24 0.200 0.206 0.004 1.55 70.49% 

*These values calculated for 31 loci (after removing a locus that was out of HW proportions). 

~These may have low a number of alleles due to small sample of individuals. 

^this high FIS (deficiency of heterozygotes) suggests cryptic population subdivision (Whalund effect)   

or several immigrants are in the sample. 

N is the number of individuals sampled. FIS is the deviation from Hardy-Weingberg proportions (e.g.  

random mating).  % PM  is the proportion of the 31 loci that were polymorphic. 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
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The relatively high FIS (deficite of heterozygotes) in Upper Kraft Creek (Table 3) suggests that 

this “population” (sample) could contain individuals from two genetically- distinct breeding 

populations (demes).  Future research including assignment tests (Cornuet et al. 1999) might 

help test this hypothesis of two demes.  We conducted assignment tests on the 10 individuals 

from Upper Kraft and discovered that only 5 of the 10 assigned to Upper Kraft (data not shown). 
                                                                                                                                                                             
Differentiation among populations: 

Genetic differentiation was moderate or high among population with mean FST = 0.33 and 

pairwise FST values ranging from 0.126 (Groom vs. Owl) to FST > 0.78 for Herrick Run versus 

Lower Cedar.  The high differentiation for Herrick Run (mean pairwise FST = 0.67) is consistent 

with this population being small and isolated and perhaps having suffered a severe population 

size decline.   

 

We used a cluster analysis to group individuals together based on their genotype similarity 

(Figure 2).  This analysis (principle correspondence analysis) suggested that Herrick Run is 

highly genetically divergent, likely due to relatively strong genetic drift (consistent with the low 

heterozygosity).  A similar analysis of mean pairwise genetic distance between individuals 

shows high genetic similarity (relatedness) between individual in Herrick Run (Fig. 3). 

 

 

Table 5.  Pairwise Population FST  estimates.  Herrick run (pairwise) FST values are high, consistent with relatively 

strong differentiation (low gene flow and high drift) in this population. The lowest FST values are underlined and 

highest in bold. 
_____________________________________________________________________________ 

Popul.    Groom  Herrick  Low Cedar  Wolf   Owl    Up Swan  6mile   Red Butte        

Herrick   0.622  

Low Cedar 0.363   0.783  

Wolf      0.310   0.734    0.465  

Owl       0.126   0.526    0.589    0.314   

Up Swan   0.303   0.622    0.389    0.391   0.306  

6 mile    0.168   0.655    0.338    0.290   0.196   0.327  

Red Butte 0.243   0.726    0.460    0.405   0.251   0.397   0.230  

Up Kraft  0.194   0.759    0.338    0.248   0.168   0.348   0.128   0.139 
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Figure 2. Principal coordinates analysis clustering individuals (dots) based on their genetic similarity.  The most 

genetically distinct population is Herrick Run (green squares).  Second most distinct is Population is Upper Swan 

(blue square). 
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Figure. 3.  Mean genetic distance (d) between pairs of individuals for each population, with upper and lower 95% 

confidence intervals (CIs).   Red Upper and Lower CI bounds show the expected (d) computed from a random 

permutation test.  Herrick Run shows the highest pairwise relatedness (very small genetic distance between pairs of 

individuals), while Upper Kraft shows high genetic distance between individuals on par with results from the 

permutation test, which simulated random unrelated individuals.    

 

Discussion 
We found the status of cutthroat trout in the Swan River valley to be more impaired than 

previously recognized by the Flathead National Forest et al report (2010).  Of the 14 populations 

previously identified as “conservation populations”, we felt that only 7 to 9 populations are of 

conservation value at this point.  We recommend actions to conserve the 4 populations with 

100% pure WCT, namely Wolf, Sixmile, Groom and Red Butte Creek.  Red Butte Creek may be 

the most critically endangered due to an apparent spread of hybridization moving upstream from 

Kraft Creek.  Red Butte Creek also has early stage invasion of brook trout, although they have 

not yet been successful in colonizing the stream.  Wolf and Groom Creek are also endangered in 

that they have no protection from invasion of nonnative species.  The fact that these cutthroat 

trout have persisted to date is unexpected and may be adventageous to investigate the reasons.  

Sixmile Creek appears secure since it has an artificial barrier and no evidence of reduced 

heterozygosity. 

 

We also strongly recommend the conservation of Herrick Run, Upper Swan and Lower Cedar 

populations.  These populations have only very low levels of YCT alleles and they may be 

natural variants.  Herrick Run appears imperiled due to reduce genetic fitness and thus would 
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benefit from restoration of genetic variation and gene flow (Tallmon et al. 2004; Frankham et al. 

2011; Allendorf et al. 2013).  Moving a few (perhaps 6-8) breeding individuals (or embryos) to 

Herrick Run should have immediate benefit.  Normally the likely best source population for 

restoration would be a population that was recently (e.g., < 100 years) connected to Herrick Run 

via gene flow.  However, Herrick Run is not believed to be endemic and its original source is 

unknown.  We recommend the best source population is anything but Upper Swan, which is 

distinctive from all other populations.  This would allow for a badly needed research and 

information to quantify of the benefits to individual fitness and population performance of 

genetic restoration.   

 

We are unsure of what conservation measures can be taken for Upper Swan River due to 

infeasibility of isolation here.  Lower Cedar may benefit from actions that remove nonnative fish 

upstream in the lakes. 

 

We also feel that Owl Creek and Upper Kraft Creek may have some merit for conservation, 

although not as high priority as the populations listed above.  Owl Creek had 20% of population 

with nonnative RBT alleles, although the maximum number of nonnative alleles per fish was 

only 3 out of 114.  However, Owl Creek has increasing numbers and distribution of brook trout, 

which add further stress to the population.  Upper Kraft Creek is similar in that the number of 

nonnative alleles per fish is low but it has brook trout colonization. 

 

Our data indicates that Lion Creek is a largely unoccupied system located upstream of a natural 

barrier.  Cutthroat trout exist in a headwater lake but have failed to colonize the 5.3km stream 

available to them.  It would be appropriate to evaluate habitat limitations and consider moving 

pure WCT to this watershed as a conservation strategy. 

 

We do not recommend active conservation of Lower Kraft Creek, Lower Piper Creek, Upper 

Piper Creek and Upper Cedar Creek.  These populations have numerous hybridized individuals 

with multiple nonnative alleles.  These are unfortunate developments.  Upper and Lower Piper 

Creek had a sizeable population.  Lower Kraft Creek has an opportunity to isolate this population 

and thus conserve Lower Kraft, Hemlock, Upper Kraft and Red Butte Creek.  However our 

findings suggest it is too late, unless steps are also taken to remove brook trout and hybridized 

individuals upstream.  Regardless of management action taken in the Kraft Creek watershed, this 

area could provide invaluable study of the rate of hybridization spread.   

 

We were disappointed that older data from Whitetail and South Fork Lost Creek could not be 

evaluated with our 95 diagnostic SNP loci technique.  These streams, as well as the other 6 

populations identified by the Swan Native Fish Committee, should be sampled in order to gain a 

complete status of the Swan River valley. 

 

Acknowledgements 

This project was funded by Southwest Crown of the Continent Collaborative Forest Landscape 

Restoration Program, Flathead National Forest, Northwest Connections, Missoula County 

Resource Action Fund, Montana Department of Fish, Wildlife & Parks, and the University of 

Montana – Flathead Lake Biological Station.  We thank Adam Lieberg, Andrea Stephens, Tom 

Parker, Cassie March, Krista Kaarre, Sean Donovan, Emily Miller, Sarah Caffrey, DJ Rankosky, 

Leo Rosenthal, Scott Haxhurst, and Tyler Tappenback for assistance in collecting population 



13 

 

information and genetic samples.  Robb Leary provided advice on samples, historical data, and 

data interpretation and support.  Sally Painter helped with data production.   

 

Literature cited 

 

Allendorf, F.W., G. Luikart, S. Aitken.  2013. Conservation and the Genetics of Populations.  

Wiley-Blackwell. Pp. 642.   [Second Edition, In press.] 

 

Amish, S.J., P.A. Hohenlohe, R. F. Leary, C. Muhlfeld, F.W. Allendorf, and G. Luikart.  2012.   

Next-generation RAD sequencing to develop species-diagnostic SNPs chips:  An  

example from westslope cutthroat and rainbow trout.  Molecular Ecology Resources. In  

Press. 

 

Cornuet, J-M., S. Piry, and G. Luikart, A. Estoup, and M. Solignac. 1999.  New methods  

employing multilocus genotypes for selecting or excluding populations as origins of  

individuals. Genetics,  153:1989-2000. 

 

Flathead National Forest, Montana Department of Fish, Wildlife & Parks, Montana Department   

of Natural Resources & Conservation, US Fish and Wildlife Service, Swan Ecosystem 

Center, Northwest Connections and Flathead Valley Chapter of Trout Unlimited.  2010.  

Swan Lake Watershed Westslope Cutthroat Trout Restoration.  Unpublished report, 8 

pages. 

 

Frankham, R., and 6 others. 2011. Predicting the probability of outbreeding depression: critical 

information for managing fragmented populations. Conservation Biology, 25:465–475 

 

Hogg, J.T., S.H. Forbes, B.M. Steele, and G. Luikart.  2006.  Genetic rescue of an insular  

population of large mammals.  Proceedings of the Royal Society, 273:1491-1499. 

 

Montana Department of Fish, Wildlife & Parks. 2007.  Memorandum of Understanding and 

Conservation Agreement for Westslope Cutthroat Trout and Yellowstone Cutthroat Trout 

in Montana.  34 pages. 

 

Tallmon, D.A., G. Luikart, and R.S. Waples.  2004. The alluring simplicity and complex reality  

of genetic rescue. Trends in Ecology and Evolution, 19:489-496. 

 

 

 

 


