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Brook trout and climate change: 

what do (we think) we know?
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Adapted from Foden et al. 2013. 
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Fundamental limits on Brook Trout

Landscape

% forest

Kanno et al., 2015, TAFS

Childress and Letcher, 2017, 
Ecology

Water quality
Temperature 

Acid Mine Drainage (AMD) 

Water quantity
Flow; droughts and floods
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EBTJV (2014)
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E Exposure: 

Stream temperature

Warming stream temperatures

Heat response thresholds

20 ºC: physiological stress

23 ºC: occupancy

25 ºC: lethal limit

Rice and Jastram 2014

Climatic Change



E Exposure: 

Stream temperature

Prior assumption: 

Elevation drives stream warming via air temperature

…but groundwater (GW) 

can buffer air temperature effects and 

is spatially and temporally complex
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Shavers Fork of the Cheat River

Groundwater



Stream temperature data can predict GW buffering

Day of summer

Snyder et al. (2015)
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Landform features predict GW in streams

• Bedrock depth

• Stream gradient

• Lateral hillslopes

• GW recharge areas

• Vegetation



https://chesapeake.usgs.gov/fishforecast
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Exposure: 

Accounting for GW in climate change forecasts
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Sensitivity:
Importance of multi-year flows

Extreme 
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events 

common
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Sensitivity:
Invasive species x thermal stress

Hitt et al. (2017) CJFAS

• Brook trout can use 

warmer water when 

brown trout are 

absent

• Effects of climate 

change depend on 

community structure



Letcher et al. West Brook, MA
Objectives

1. Quantify effects of 
environmental drivers 
on body size and trout 
population dynamics 

2. Understand how stream 
flow affects early life of 
Brook Trout



Demographic model results

2/3 of variation in abundance 
is due to flow and 
temperature (other 1/3 is 
fish density)

Decreased survival from 
warmer temperatures

Lower abundance → larger 
fish

Higher flow in summer and fall 
→ larger fish



Number of breeders Nb

Kanno et al. 2014
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Adaptive capacity:
Potential for local adaptation?



AC

Adaptive capacity:
Potential for local adaptation?

Stitt et al. 2014

Phys. Biochem. Ecol.
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Exposure

Where are we most/least confident?

• High certainty at 

landscape level

• Low certainty in GW-

influenced streams

Sensitivity

• High certainty for 

single-year effects 

• Low certainty for 

multi-year effects

• Low certainty

Adaptive capacity



Questions?

faulkners@usgs.gov


