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Foden et al. 2013, PLOS ONE

Major components of 

species vulnerability



Sensitivity

Area of 
Occupancy

Geographic Rarity Index

Climate Sensitivity

Rare = smallest AOO, 
highest climate sensitivity



Exposure



Genetic diversity 

Traits and life history

Thermal tolerance

Adaptive
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ENDOTHERMS
like the mouse 

generate metabolic 
heat to maintain 

internal temperature

Endotherm vs. Ectotherm

ECTOTHERMS
like the fish have a 
body temperature
that changes with

the temperature
of the environment



Metabolic Rate: The amount of energy 
used by an animal per unit time.

• Standard metabolic rate (SMR)

• Maximum metabolic rate (MMR) 

• Aerobic scope (AS)

• Critical Thermal Maxima (CTmax)

We measured the rate of O2

consumption



SMR

Temperature

MMR



...how does metabolic 

rate vary between 

individuals, across 

populations?

As Temperature Changes....



Stream-side Respirometry Experiments



Study 
Areas

Alsea

North Santiam McKenzie



Temperature Treatments

North Santiam
North Santiam River

Ambient

Max August = 14 ° C

Climate scenario = 19 ° C

Alsea
Fall Creek Tribs

Ambient

Max August = 19 ° C

Climate scenario = 22 ° C

McKenzie
White Branch Creek

Ambient

Max August = 14 ° C

Climate scenario = 19 ° C



Location, location, location!





O2 sensors





Alsea
Fall Creek Tribs

Coastal Cutthroat Trout

Mean SD Min Max

BW

(g)

23.6 0.096 12.8 44.9

Len

(mm)

129.6 17.591 101 165

McKenzie
White Branch Creek

North Santiam
Upper North Santiam River

Mean SD Min Max

BW

(g)

23.4 0.083 12.9 45.5

Len

(mm)

131.3 15.586 106 167

Mean SD Min Max

BW

(g)

26.1 0.107 9.6 58.6

Len

(mm)
136.8 19.450 116 181



Acclimation



Acclimation tank





Measurement



CT Max



We have results!



Standard Metabolic Rate

M
O

2
(m

g 
O

2
kg

-1
m

in
-1

)



Aerobic Scope
MMR - SMR



Comparisons – Willamette Basins
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Comparisons – Willamette Basins
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Comparisons – Willamette Basins



Critical Thermal Maxima (CT max)



Thinking about…

• Thermal history

• Representative responses 

• Life history influences

Arismendi et al. 2013
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