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Much Has Transpired in the Bull Trout World 
Over Millions of Years…

Human Civilization



1800 1850 1900 1950 2000 2050 2100

Dams & flow diversions

Global warming ?

Habitat restoration

Reintroductions (fish 
& beaver)

Non-native suppression

Novel Twists Last 200 Years…

Non-native species 
introductions

Legacy effects ?

Mining & dredging Legacy effects ?

Beaver removal ?

Overharvest fluvial fish

Livestock grazing ?

Road network buildout Legacy effects

CC = turd in the punch bowl 



Rieman et al. 2007. Anticipated climate warming effects on bull trout habitats 
and populations across the Interior Columbia Basin. TAFS 136:1552-1565

1st-Generation Bull Trout Distribution Model 
Predicts Large Habitat Reductions from Warming

+1.6°C AirT = 40% habitat loss
+5.0°C AirT = 92% habitat loss



Some Research Suggests Distributions are 
Contracting into Headwaters



Expected Because Rivers & Streams are 
Getting Warmer… Bonneville Dam 

Temperature Record

Isaak et al. 2018. Global warming of salmon and trout rivers in the Northwestern U.S. Road to ruin 
or path through purgatory? Transactions of the American Fisheries Society 147:566-587.

+0.5–1.0°C during 1976–2015
summer & early fall months



Which Streams May Serve as Climate 
Refugia? Precision Forecasts Needed



High-resolution 
landscape models

…instead of here

I’m going to invest here…

Which Streams May Serve as Climate 
Refugia? Precision Forecasts Needed



2nd-Generation Bull Trout Distribution Model

>4,500 sites
>500 streams

Isaak et al. 2015. The cold-water climate shield: Delineating refugia for preserving 
native trout through the 21st Century. Global Change Biology 21: 2540-2553

Occurrence 
probability maps

Predictive Logistic 
Regression Models

• Summer temp
• Patch size
• Gradient
• % Brook trout

Better  stream 
covariates

Large species occurrence 
datasets



Model selection

Best model accuracy: 78% (i.e., 
population occupancy correctly 
predicted for 400 of 512 streams)

2nd-Generation Bull Trout Distribution Model

Stream occupancy dataset

Occupied

Unoccupied

Habitat network size (km)

Response curves



Model Used to Predict Potential Habitat 
Universe & Occurrence Probabilities

2000’s: N = 5,300 
habitats
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2080’s: N = 3,300 
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Bull Trout Population Occurrence Probability

5,332 >0.1 habitats
1,325 >0.5 habitats
348 >0.9 habitats

2000

Stream 
population scale 

predictions



3,304 >0.1 habitats
641 >0.5 habitats
130 >0.9 habitats

Bull Trout Population Occurrence Probability

2080

Extinction not 
likely!

+5°C air 
scenario = 

40% habitat 
loss.

Not earlier 
92% estimate



Why the Discrepancy?

Isaak et al. 2016. Slow climate velocities of mountain streams portend their role as climate refugia
for cold-water biodiversity. Proceedings of the National Academy of Sciences 113:4374-4380.

1. Cold bull trout streams are weakly responsive to climate variability

2. Slow climate 
velocities (0.3 to 0.5 
km/decade) due to 
steep spatial 
temperature gradients 
& small warming rates



21st Century Regional Bull Trout Trend
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Local Reversals of Regional Decline
Reintroductions to historical habitats

Case histories 
& institutional 

knowledge are 
increasing



Local Reversals of Regional Declines
Assisted migration into climate refugia above 

geologic barriers

Isaak et al. 2015. The cold-water climate shield: Delineating refugia for preserving native 
trout through the 21st Century. Global Change Biology 21: 2540-2553



Before After

Local Reversals of Regional Declines
Habitat quality & connectivity improvements



Roper et al. 2019. Did changes in western federal land management policies improve 
salmonid habitat in streams on public lands within the Interior Columbia River 
Basin? Environmental Management 191:574.

Local Reversals of Regional Declines
Habitat quality on public lands is improving

• PIBO monitoring program 2004–2016 
• Random sample of 1,250 sites in FS/BLM 

streams
• Trends: 1) more LWD, 2) more pools, 3) 

better banks



Distance from headwaters (km)

Local Reversals of Regional Declines
Eradication & suppression of brook trout



Distance from headwaters (km)

Local Reversals of Regional Declines
Eradication & suppression of brook trout

Costs could drop in the future GMO



•Maintaining/restoring flow…
•Maintaining/restoring riparian…
•Restoring channel form/function…
•Prescribed burns limit wildfire risks…
•Non-native species control…
•Improve/impede fish passage…

Where to do 
them?

How to maximize 
bang for the

Understanding What Does/Doesn’t Work

Better Precision Improves Strategic Investing



Precise Inventory & Monitoring
Website: Rangewide eDNA Bull Trout Project

Subpages

Supporting
Science

Protocols
Sampling 

maps Results



Climate Shield Potential Habitat Maps Guide 
Efficient eDNA Sampling Inventories

• There are ~5,332 
potential bull trout 
habitats

• New samples targeted  
to reduce uncertainties

Does this stream 
support a population?

Are trends apparent?



Progress to date…
2015–2019 : ~7,000 sites sampled

Crowd-sourced data collections 
by many partner agencies

Funded by



Climate Shield Habitat Maps + 
Rapid eDNA Surveys Have Helped…

Confirm absences

Upper 
Stehekin River

Discover new populations

Little Blackfoot 
River

Refine critical 
habitat?

St. Joe 
tributaries



Dynamic Webportal Delivers Data in User-
Friendly Digital Formats w/Metadata

eDNA sample metadata



2006-2007 e-fishing surveys

Allen et al. 2010

2016 eDNA surveys

Powerful Status & Trend Assessments



Many Different Factors Weigh Into this 
Century’s Partly Cloudy Bull Trout Forecast
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21st Century is a BottleNeck to Survive

Human population
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Something will come 
out of the other side
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Some encouraging 
trends…
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out of the other side

Some encouraging 
trends…

$0.02 / kwh 
installed

+$0.01 kwh with 
battery storage



The End


