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in the Crown of the Continent:
Implications for Adaptive Management
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A landscape undergoing change

Grinnell Glacier 1910 - 1998
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The CCE — A Native Species Stronghold




Temperatures are Rising

Loss of “month of cold days (32°F) 3-fold increase in hot days (90°F)
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A Landscape Undergoing Change
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Flathead River Discharge  Flow Regimes are Changing
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Stream temperatures are increasing




USGS Repeat Photography Points
in Glacier National Park

Sperry Glacier
Glacier National Park
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Aquatic Stressors

Habitat alteration Invasive species




Aquatic Adaptation Strategy

Transboundary Flathead River, USA & Canada
MOU Goals
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Cultural, Biological, Economic

Adapted from Glick et al. (2011) ARUrS / Muhlfeld & Hauer (GNLCC Project)




Bull Trout — A Threatened Species

J. Sartore J. Sartore




CCE Stream Temperature
Monitoring & Modeling

Daily Model:
2 800 sites
tt >9 million data points

Stream Temperature
Predictions (Celsius)
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Jones & Muhlfeld (In-prep)




% Habitat

Bull Trout Occupy Cold Waters

Foraging, Migrating, Overwintering
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J. Sartore

e 20% Loss of FMO Habitat

* 2% Loss of SR Habitat

Exceedence of Thermal
Thresholds

Jones et. al. (2013)




2059 Simulation
+3.275° C

-

J. Sartore

* 58% Loss of FMO

* 36% Loss of SR

Exceedence of Thermal
Thresholds

Jones et. al. (2013)



2099 Simulation
+ 5459 " C

J. Sartore

* 86% Loss of FMO

* 76% Loss of SR

Exceedence of Thermal
Thresholds

Jones et. al. (2013)



Groundwater upwelling zones Spawning habitat
are important bull trout
spawning and rearing habitats

Ole Creek
Glacier National Park

Bean et al. (In-press)




Lake trout invasion in western
Glacier National Park
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Westslope Cutthroat Trout
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Hybridization Spreads with Decreasing Spring Precipitation
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Muhlfeld et al. (In-revision) Nature Climate Change



Hybridization Spreads with Warming Stream Temperatures

0-5

, 5-50

L] ® s50-100

Stream Temperature (°C) % O. mykiss Admixture

4

Muhlfeld et al. (In-revision) Nature Climate Change



The Meltwater Stonefly — An ESA Candidate Species

J. Giersch
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Mubhlfeld et al. (2011)
Climatic Change
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“Skate to where the puck is going to be,
not where it has been”

“You miss 100% of the shots you don’t take”
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Fish Friendly Flows & Temperatures
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Suppression of Invasive Lake Trout
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Suppression & Eradication of Hybrid Sources

Streams Management Strategy: Eliminate
Abbot sources
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Using barriers to conserve native fish at risk from
nonnative fish invasions
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Muhlfeld et al. (2012) Open Fish Sci.
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