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Whatôs changing?

(1st order effects)

ÅWarming

ÅWinter-summer precipitation
ÅTiming

ÅVariability

ÅExtremes

ÅSpring snow pack and 

melt time

0.6 °C éso far

By 2050
2.5 °C

Mote et al. 2005

Stewart et al. 2005



Whatôs changing?

(2nd Order effects)

ÅStream Flows

timing

variability

extremes
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Whatôs changing?

(2nd Order effects)

ÅStream Temperatures
timing

variability

extremes

ÅStream Flows

timing

variability

extremes
Maximum Water Temp: Roaring River, Boise 
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Whatôs changing?

(3rd Order effects)

ÅStream Flows
ÅStream Temperatures

ÅWatershed Disturbances



ÅSupply and transport of sediment 

and wood

ÅChannel-riparian structure 
and succession

Whatôs changing?

(3rd Order effects)



Whatôs changing?

(3rd Order effects)

ÅStream Flows

ÅStream Temperatures

ÅWatershed Disturbances

ÅMaterial supplies

Some systems are changing more, 

or more quickly than othersé



Implications for fish?

ÅChanges in condition of local habitats

Cover, structure, nutrients, forage, temperature, 

decoupling timing, growing season, stress seasonéé.

Competition, predation, parasitism, diseaseé.



Implications for fish?

ÅSize & location of habitat networks

Shrinking
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Implications for fish?

ÅSize & location of habitat networks

Shrinking

Expanding

Moving

Novel combinations



Implications for fish?

ÅFrequency/magnitude/extent  of ñdisturbanceò



Implications for fish?

ÅFrequency/magnitude/extent  of ñdisturbanceò

Scaling interaction between populations and 

disturbances é?



ÅProductivity and survival 

ÅSpatial structure and life history expression

ÅDiversity and capacity for natural adaptation

Implications for fish?

Winners and Losers, Vulnerable and Resistant 

Context Matters

Biological resistance/ resilience to climate change will dependé
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ÅProductivity and survival 
ÅSpatial structure and life history expression

ÅDiversity and adaptation

Implications for fish?

Growth, fecundity and survival
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Implications for fish?

Non-climate stresses will limit resilience 

to climate change

ÅProductivity and survival 
ÅSpatial structure and life history expression

ÅDiversity and adaptation



Implications for fish?
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Implications for fish?
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ÅNetwork size vs. disturbance

ÅConnectivity

Implications for fish?
ÅProductivity and survival 

ÅSpatial structure and life history expression
ÅDiversity and adaptation



Implications for fish?
ÅProductivity and survival 

ÅSpatial structure and life history expression
ÅDiversity and adaptation

Isolation and fragmentation will limit resilience to 

climate change



Spawning Time

ÅProductivity and survival 

ÅSpatial structure and life history expression

ÅDiversity and adaptation

Implications for fish?



ÅProductivity and survival 

ÅSpatial structure and life history expression

ÅDiversity and adaptation
Hedging

Implications for fish?

Hilborn et al., 2003


