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Cutthroat trout probability 2040



Floodplain thermal refugia: cold water alcoves

• Seasonally warm areas can 
support fish populations 
when they have thermal 
refuges.

• Fine scale features that stay 
cool during summer and 
can allow fish to survive 
over summer maximum 
temperatures/ thermal 
stress 

NIR image Kamkaun Spring, Sprague River thermal refuge





• Mainstem Willamette River 
temperatures exceed 20C 
during summer

• Floodplain alcoves fed by 
subsurface flows provide 
cooler temperatures for 
Coastal Cutthroat Trout.



Floodplain thermal refugia: cold water alcoves

• Alcoves connected to main channel only at 
their downstream end

• Temperatures at least 2°C cooler than the 
mainstem
• Stratified water column with cool hyporheic

discharge



• Our study hopes to help understand the 
contribution of these refuges to over-
summer survival of cutthroat trout.
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• Our study hopes to help understand the 
contribution of these refuges to over-
summer survival of cutthroat trout.

• Timing of refuge use

• Feeding ecology on refuges

• Oxygen-temperature trade-offs
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Phenology of refuge use
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Phenology of refuge use
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eDNA and Barcoding



Amplification 
using specific 

primers

Sequencing



1-Jun 21-Jun 11-Jul 31-Jul 20-Aug 9-Sep 29-Sep

Mainstem eDNA Alcove eDNA



Foraging ecology of fish on refuges

• Ability to survive on refuge depends on 
when a fish runs out of energy stores. 
• Are CTTs eating enough to meet their 

energetic demands?

• We want to know whether they are 
starving or able to forage to some degree. 

Graph of diets across season here

Photo by
Jonathan Armstrong



Methods 
• Diet analysis

• What prey sources support them 
• Feeding forays to mainstem (chironimid ID)? 

• Over summer body condition? (weight/length ratio)

• Compare energy in stomach contents to maintenance ration. 



Balancing Oxygen and Temperature

• Cool hyporheic flows also anoxic

• How do CTTs balance the trade off between oxygen demands and 
temperature preference within alcoves?
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Calibration frame

3-D technique to measure fish in physical environment



20

40

60

80

100

120

140

160

0 5 10 15 20

DO mg/l Temperature C

D
ep

th
 (

cm
)

Alcove Mainstem



• Timing of refuge use varies among sites

• Fish are not bound to refuges for an entire summer

• Diets appear to be dominated by lentic prey items and low ration sizes

• Spatial trade-offs in temperature and oxygen vary between and within
refuges 

What we’ve learned



Thinking beyond summer…

• While it is important to understand the over-summer services that 
refuges provide, it is also critical to consider how conditions in the 
mainstem contribute to fueling annual energy budgets. 

• We are interested in what CCT’s are doing in mainstem habitats at 
other times of the year
• Foraging in spring to store fat to survive summer

• Foraging in fall to build energy reserves in preparation for spawning
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