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Outline
• Climate change in the northeast

• Changes to habitat

• Fish species response

• Climate-adaptive management
– Identification of coldwater climate change refugia
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Climate Change Effects to Date

Temperatures +   
Droughts +   
Rain:snow +  
Flows +/-

Hayhoe et al 2006 and references therein; Hayhoe et al. 2008; Ucsusa.ogr; Primack et al 2009
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Rate of Change
Northeastern US warming faster than other parts of the world

Karmalkar and Bradley 2017
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Ucsusa.org
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Changes to streams along a gradient

Most altered habitats = novel ecosystems (transformed)
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Coldwater fish responses to date

• Faster growth (only sometimes)

• Decreased survival

• Earlier upstream migration of fishes

• Earlier spawning

Hayhoe et al 2006 and references therein; Primack et al 2009; Xu et al. 2010
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Fish assemblage response along a gradient
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Resilient habitat = climate change refugia
Adapted from Morelli et al. 2016

Elevation Deep snow
Valleys

Canopy 
cover

Deep lakes

Groundwater
Aspect
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Brook Trout occupancy models
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Management scale?
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Fisheries surveys since 2000​:

Purple = lakes and ponds​
Red = warmwater rivers​
Blue = coldwater streams​
Black = fishless samples
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Blue: 2017 coldwater fisheries resource 
(CFR) survey points​

Coldwater streams are potential 
coldwater climate change refugia
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With a 2° C increase in July air 
temperatures, 42% of coldwater
streams (now in red) are likely 
too warm to support Brook Trout 
in summer​
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With a 4° C increase in July air 
temperatures, an additional 
28% of coldwater streams (now 
in red) are likely too warm to 
support Brook Trout in summer
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With a 6° C increase in July air 
temperatures, an additional 
45% of coldwater streams (now 
in red) are likely too warm to 
support Brook Trout in summer​
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Temperature + flow

Coldwater streams (blue dots) that 
also provided habitat during the 2016 
drought are climate change refugia 
from both increasing temperatures 
and drought conditions​
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Flow 
refuge

Cool water 
refuges

Drought 
refuge

Invasives refuge
Disease   refuge

Drought 
risk

Isolation 
risk

Flood risk
Warm temperature 
risk

Refugia are 
created through 
a network of 
refuges
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Developing Collaborations
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Thank you
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