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Long-term ecological change and associated environmental forcings in 
critical freshwater habitat for Okanagan Basin Sockeye Salmon (O. nerka) 
A comparative paleolimnological study of Wenatchee Lake, WA, USA  
& Osoyoos & Skaha lakes, BC Canada 
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Paleolimnology: 
 
The reconstruction of lake and river 
histories using the physical, chemical, 
and biological information stored in lake 
sediments 

• Provides valuable information on environmental 
change in lakes, their watersheds, and the atmosphere 

 

• Critical data used to address major environmental 
issues (i.e. acid rain, eutrophication, climate change) 
 



Paleolimnology: 
 

Reconstructing lake and environmental 
histories from sediment archives 
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Our Objectives 

• Reconstruct the trophic ecology of Okanagan and 
Wenatchee Sockeye nursery ecosystems over the 
past ~150 years 
 

• Attempt to identify major drivers of ecological 
change influential to nursery lake productive 
capacities 
 

• Assess relative sensitivities of nursery ecosystems 
to ongoing and future drivers 



Image courtesy of N. Fobes 

Our Approach 
• Radiometric Dating (210Pb, 137Cs) 
• Sediment Geochemistry 

 Sediment elemental chemistry (C/Nmolar) 
 Sediment stable isotope ratios (δ15N, δ13C) 

• Lake Trophic Reconstructions 
 Primary Production 

• Fossil algal pigments 
• NIRS chlorophyll a 
• Diatom microfossils 

 Secondary Production 
• Cladoceran zooplankton sub-fossils 
• Chironomid larvae 

• Quantitative Inference of Key Limnological Parameters 
 Total Phosphorus (diatoms) 
 Dissolved Oxygen (chironomids) 
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“The Game Changer” 
Climate Change 

Brohan et al. 2006; J. Geophys. Res. 111: D12106 

Mean monthly global temperature anomalies relative to the 1961-1990 period 



Modified from Vincent 2009 

Climate Forcing of Lake Ecology 



Modified from Moss et al. 2011 

Climate Change & Eutrophication 
Interactive Lake Forcings 



Internal Nutrient Loading 
• Internal Loading 

• Release of limiting nutrients from sediment 
stores (phosphorus (P), ammonia (N)) 

• Causes 
• Oxygen loss at the sediment-water interface 
• Aerobic microbial decomposition of organic 

matter (e.g. dead algae, plants, animals) 
• Implications 

• Release of “stored” nutrients from sediments 
• Increased algal and plant growth (first 

modest, then rapid) 
• Potential for positive feedback/runaway 

eutrophication 
• Changes to lake ecosystem structure & 

functioning 
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SUMMARY 
• Okanagan & Wenatchee Basins 

 Broad-scale & diverse FW habitat changes 
• Wenatchee Lake 

 Minor lake enrichment 
 Remains oligotrophic 

• Osoyoos & Skaha Lakes 
 Cultural eutrophication history 
 New lake “state” induced by eutrophication 
 Likely magnification of eutrophication symptoms by             

climate change 
• Climate Change Futures 

 Winners and losers 
 Osoyoos - Internal loading, hypolimnetic oxygen, surface temps. 
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