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Whither the Hybrid Swarm? 
Stream environments segregate cutthroat and 
rainbow trout to control hybrid zone locations 



BIG FISH Data

Stream Temperature & Species Distributions
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Isaak et al. 2017. Big biology meets microclimatology. Ecological Applications



Cutthroat & Rainbow are Similar but Different
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Hybridization in Fish is Common
• External fertilization
• Incomplete reproductive isolation may lag

for millions of years after species divergence

Spawned Fears of:
“The Swarm” &

“Genomic Extinction” 

“Dark Power of the
Genomic Ratchet”

Cutthroat & Rainbow Trout (a.k.a. the Poster Children 
for Invasive Hybridization)
• Presence of post-F1 hybrids after stocking
• Ubiquity of hybrids at some locations
• Movement of hybrids away from stocking locations
• Hybrids beget more hybrids…



• 188 sites in 129 streams 
(2nd – 4th Order)

• 3,865 fish genotyped 

McKelvey et al. 2016. Patterns of hybridization among cutthroat trout and rainbow trout 
in northern Rocky Mountain streams. Ecology and Evolution. 6:688–706. 

• 137/188 sites (73%) <5% RBT alleles
• 109/188 sites (58%) <1% RBT alleles

“…have been extirpated from 
90% of historical habitat”

A Random Sample to Document the Demise 
of Westslope CT A priori Expectations: 

1) Widespread hybridization, 
2) Cutthroat trout would be rare



Admixture Patterns in Individual Fish
Prediction: Extensive admixture

Observation: Limited 
admixture at 188 sites

Percent Westslope Cutthroat Trout
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McKelvey et al. 2016

71% of fish nonadmixed WCT
4% of fish nonadmixed RBT
25% of fish hybrids

Hybrid swarms at 8 sites 
but 7 involved 
Yellowstone CT stocking



Rainbow Trout Stocking is Pervasive
Montana has stocked 400,000,000 in 60 years

Real Question Should be 
“How Do So Many Cutthroat 
Populations Persist Despite 

the Onslaught?”



Mechanism: Physiological Differences 
Among Cutthroat, Rainbows, & Hybrids
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Motivation: Continued Misperception

• 20 million rainbow 
trout stocked in NFK 
Flathead River (& 
private hatchery 
releases)

• Flathead Lake 
rainbow
trout source 
immediately 
downstream

Genomic 
extinction is 
inevitable!

1980s 2000s
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Muhlfeld et al. 2014. data plotted vs. NorWeST baseline



Let’s Test the Alternative Hypotheses:
1) Isolation By Distance (IBD; Wright 1943): Genetic 

patterns controlled only by dispersal & distance. If 
true, hybridization shouldn’t be predictable from 
stream habitat characteristics. “Hybrid Ratchet Effect”

2) Isolation By Environment (IBE; Wang & Bradburd
2014): Genetic patterns controlled by environment. If 
true, genetic patterns will be predictable from stream 
habitat characteristics.



A Definitive Hybridization Dataset
• Data aggregated from 12 previous Westslope studies
• 558 stream sites, 13,315 genotyped fish

~20,000 years 
of coexistence

~100 years of 
coexistence



Link Data to Reach-Scale Habitat Descriptors
Consistent GIS datasets for all streams in West

Cooter et al. 2010. A nationally consistent NHDPlus framework for identifying interstate 
waters: Implications for integrated assessments and interjurisdictional TMDLs. 
Environmental Management 46:510-524. 

3,000,000 stream 
kilometers

VIC flow 
metrics

Many others…
• Forest canopy
• Elevation
• Slope
• %Landuse
• Precipitation
• Etc…



Habitat Descriptors Considered in Models
Variable Rationale Source

VIC flow 
metrics

NorWeST

NHDPlus

Custom GIS 
script

Not considered: road density, precipitation, elevation, wildfire



Developed 3 Logistic Regression Models 
Probability Hybridization > 1% / 10% / 20% thresholds

Young et al. 2016. Climate, demography, and zoogeography predict thresholds 
in salmonid hybrid zones in Rocky Mountain streams. PLoS ONE 11: e0163563 

PRTA = Percent RBT alleles



Models Make Accurate Predictions & Are Robust

PRTA > 10%

Accurate despite…
• Fish movement & age class 

mixing
• DS, DT13 are proxies for 

propagule pressure
• NorWeST model imprecision

(+/- 1.0°C)
• Decadal trends ignored

Age 0 Age 1

Buehrens et al. 2013



A Hybrid Deficit?
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Deficit Explanations:
1) Perhaps introduced rainbow trout have lower fitness 
outside their native range, are unable to spread as 
extensively, and have already reached their 
environmentally-mediated distribution?

2) Perhaps there are additional environments rainbow 
trout will colonize & hybridization will spread, but if so 
the establishment of hybrid zones takes a long time?

“Relaxation” Hypothesis:
1) Hybridization will decrease once local propagule 
pressure is reduced & could be reversible in some 
environments (e.g., small cold streams) 

3) Perhaps large anadromous steelhead enhance 
propagule pressure throughout the native range of 
rainbow trout in the Pacific Northwest?



Scenario 1. Current: 31,600 km
Scenario 2. Equilibrium: 23,500 km (26% loss)
Scenario 3. Current +0.5°C: 27,500 km (13% loss)
Scenario 4. Equilibrium +0.5°C: 19,200 km (39% loss)
Scenario 5. Current +1.0°C: 23,900 km (24% loss)
Scenario 4. Equilibrium +1.0°C: 15,200 km (52% loss)

PRTA < 10%

• Also PRTA < 1% 
& <20%

• By stream 
length & 
volume

Young et al. 2016. Climate, demography, and zoogeography predict thresholds 
in salmonid hybrid zones in Rocky Mountain streams. PLoS ONE 11: e0163563 

55,000 kilometer stream network

Model Scenarios Span the Possibilities (& Climate 
Change)



Scenarios Formatted as User-Friendly 
Digital Maps for Conservation Planning

1-km resolution

BIG

Look before leaping…



Website: Cutthroat-Rainbow Trout Hybridization

Papers
Dataset

Scenario 
Maps


