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Expected Effects of Climate Change 

 Freshwater 

 Change in seasonal temperatures 

 Change in hydrograph 

 

 

 

 

 

 



From: http://igloo.atmos.uiuc.edu/SNAP/ 

Winter Temperatures 

http://igloo.atmos.uiuc.edu/SNAP/


Reduced Number of Days to Emergence from  

Each 1oC Increase in Water Temperature from Base 



Numbers of age 1+ and 2+ coho salmon smolts 
migrating from Carnation Creek, BC, 1971-1987 

From: Hartman and Scrivener, 1990. Impacts of forestry practices on a coastal stream ecosystem, Carnation Creek, 

British Columbia. Canadian Bulletin of Fisheries and Aquatic Sciences 223 
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from LB Holtby (1988) Can. J. Fish. Aquat. Sci. 45: 502-515 





Results: Coho Salmon Emergence Timing 
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Adaptations 

 Shift in time of spawning 

Change in egg size/yolk content 

 

 

 

 

 



 

More Vulnerable  

Increased Adaptive 

Capacity? 



 

Less Vulnerable  

Reduced Adaptive 

Capacity? 



From: http://igloo.atmos.uiuc.edu/SNAP/ 

Changes in Precipitation 

http://igloo.atmos.uiuc.edu/SNAP/


Eggs & Developing 
Embryos 

 Water temp 

 Flows 

Increased rate of 

development 

Increased susceptibility 

to scour - ? 
 



Static channel morphology 

Unconfined channels 



Static channel morphology 

Confined channels 



Expected Effects of Climate Change 

 Freshwater 

 Change in seasonal temperatures 

 Change in hydrograph 

Marine 

 Increased water temperatures 

 Change in pH  

 

 

 

 

 



Adults: Ocean 

 Water temp 

 pH 

decreased food 

supplies 

decreased growth 

and survival in 

marine environment 

 





         Increase in Winter Flows (%) 



Decrease in Summer Flows (%) 



 

Effects of Climate Change 
Obvious 

Negligible 
Subtle 



“There are known knowns. These are things 

we know that we know. There are known 

unknowns. That is to say, there are things that 

we know we don't know. But there are also 

unknown unknowns. There are things we don't 

know we don't know.” 

 

Donald Rumsfeld 



   “The significant problems we face today cannot 

be solved with the same level of thinking that 

were at when we created them.”   

     Albert Einstein 



The Aquatic View of 
Large-scale Habitat 

Conditions? 
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From: D. Schindler 





Adaptations of Salmonids to  
Dynamic Environments 

Straying of adults 

High fecundity 

Multiple life histories 

Mobility of juveniles 



Sometimes High Intensity Trauma  

Happens 
L.M. Reid 



Percent of Life-History Type in Returning Populations of 
Sockeye on the Copper River Delta (1987 -1997) 

      Age    Mean  Range  
   2  
   0.1     0.09     0.03 - 0.3  
 
   3  
   0.2     6.2       1.9 - 12.4  
   1.1     2.6       0.9 - 7.9  
 
   4  
   0.3     7.1       2.7 - 18.5  
   1.2    39.8      27.9  - 56.7  
   2.1    0.03      0.0 - 0.14  
 
   5  
   0.4    0.02      0.0 - 0.08  
   1.3    45.3     33.2 - 55.0  
   2.2    0.39     0.0 -3.2  
 
  6  
  1.4     0.07     0.0 - 0.03 
  2.3    0.4        0.0 - 1.9  

From: Powers et al.  2007 
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Life-history Variation 



      Moving Forward  

 Hydrograph and temperature regimes 
 

 
 



    Moving Forward  

 Hydrograph and temperature regimes 
 Timing of selected life-history events 

 
 
 



    Moving Forward  

 Hydrograph and temperature regimes 
 Timing of selected life-history events 
 Focus on life-history diversity & not 
just abundance  
 

 
 



    Moving Forward  

 Hydrograph and temperature regimes 
 Timing of selected life-history events 
 Focus on life-history diversity & not 
just abundance  
 Challenge assumptions & beliefs as 
develop adaptation & mitigation 

  
 

 
 



Life-history Cycle of a ‘1-year Aquatic Insect’  
on the Copper River Delta 
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Life-history Cycle of a ‘1-year Aquatic Insect’  
on the Copper River Delta 
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Oncorhynchus mykiss 

Steelhead 
Anadromous life history 

Rainbow Trout 
Resident life history 

photo: J. 

McMillan 

Photo: J. 

McMillan 



Smolting fish Maturing fish 

Determination of Life History 



Energy storage & Water temperatures 
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Age Comparison 
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