
Jan 23  Conceptual models of ecological systems 
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Arrows indicate controlling levels 

Example of drawing strong generalizations in ecology:  



Bottom-up  Top-down  

Trophic Cascades 

Arrows indicate controlling levels 

Example of drawing strong generalizations in ecology:  

Are ecosystems controlled by bottom-up or top down trophic cascades? 



From Ripple and Beschta 2004 

Yellowstone Case Study 



Climate Change Hypothesis 
Bottom-up Control 

 

Growing 
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days 

  

Improved growing 
conditions 

Increase in vegetation 

•Longer periods of favorable conditions 
in the spring provide longer stems 
•Longer periods of favorable conditions 
in the fall provide more defensive 
chemicals  

 

Yellowstone Case Study 

http://usachppm.apgea.army.mil/HealthTipOfTheWeek/sunProtection/images/image001.jpg


  

Consensus is that predators contribute 
significantly to top-down trophic cascades 
on the Yellowstone Northern Range. 

Yellowstone Case Study 

? 

http://usachppm.apgea.army.mil/HealthTipOfTheWeek/sunProtection/images/image001.jpg


2011. Science.  333:301-306.  

Call for Predator Restoration 



Top-down effects vary with Primary 
Productivity 

Generalized role of predation in limiting roe deer 
abundance below the habitat carrying capacity along the 
productivity gradient. In the most productive regions, deer 
populations with predators present attained 60-80% of the 
predator-free population density. In the least productive 
regions, populations with predation had densities less that 
10% of those without predators. From Melis et al. 2009. 

Trophic Cascades are Context Dependent? 



Trophic Cascades are Context Dependent? 

Implications 
• Does wolf effect vary across the productivity gradient of the 

Northern Rockies? 



Trophic Cascades are Context Dependent? 

Implications 
• Will reintroduction be effective in restoring ecosystem function in 

all biomes? 



Other Context Dependent Ecological Interactions?? 

• Invasive species effects? 
 

• Grazing effects on plant diversity? 
 

• Habitat fragmentation effects? 
 

• Human land use effects on biodiversity? 
 

• Climate change effects? 
 



Typical Approach to Studying Ecology 

Biology 303 Principles of Ecology 
 
Jan 16              Introduction to Ecology                                             
Jan 18              Overview of Class, Scientific Method     
Jan 23              Climate Processes 
Jan 25              Geography of Biomes 
Jan 28              Aquatic Environments                                                                
Individual Organisms 
Jan 30              Organisms and Limiting Factors 
Feb 1               Niche Concept                  
Feb 4               Temperature Relations 
Feb 6               Water relations 
Feb 8               Energy and Nutrient Relations 
Populations 
Feb 13             Evolution and Natural Selection 
Feb 15             Evolution and Natural Selection 
Feb 22             Population Distribution and Abundance 
Feb 27             Movements: Dispersal and Migration 
Feb. 29            Population Dynamics: Survival and Age 
 Distribution 
Mar 3               Population Dynamics Continued 
Mar 5               Exponential Population Growth 
Mar 17             Logistic Population Growth 
Mar 19             Population Regulation 

 

Communities and Ecosystems 
Mar 24             Interspecific Competition 
Mar 26             Predation 
Mar 28             Predation Case Study                                                            
Apr 2               Herbivory: Animals in Ecosystems 
Arpil 9             Community Diversity 
Apr 11             Ecosystem Energy Flow 
Apr 14             Ecosystem Nutrient Cycling 
Large-scale Ecology 
Apr 16             Ecological Succession 
Apr 18             Natural and Human Disturbance 
Apr 21             Landscape Ecology 
Apr 23             Landscape Ecology: Fire and Biodiversity                             
Apr 25             Island Biogeography and Conservation                          
Apr 28             Human Population Change 
Apr 30             Human Effects on Climate 



Typical Approach to Studying Ecology 

Pickett et al. 2007 



Typical Approach to Studying Ecology 

Which sub-disciplines are needed to deal with geographic variation in trophic 
cascades? 



Typical Approach to Studying Ecology 

How would we put the pieces back together to study integrated ecological systems? 
 



Why is Integration Needed in Ecology? 

Great advances have been made by dividing ecology into subdisciplines. 
 
But too much focus on subdisciplines has also hindered ecology 
• too little study of the interface between disciplines 
• tended to narrow focus to particular scales and levels of organization 

when in fact may problems are best understood at multiple scales/levels 
• subdisciplines loose the ability to understand and to appreciate each 

other.  
 Pickett et al. 2007 



Why is Integration Needed in Ecology? 

Pickett et al. 2007 



Why is Integration Needed in Ecology? 

Pickett et al. 2007 



Conceptual Models of Ecological Systems and Integration 



Conceptual Models of Ecological Systems and Integration 



Conceptual Models of Ecological Systems and Integration 

Ecosystem 
Primary productivity 

Disturbance 
Vegetation structure 

Vegetation composition 

Abiotics 
Climate 

Soils 
Topography 

Landscape 
Habitat composition 

and configuration 
Land use 

 

Biosphere 

Organism 
Survival  
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Growth rate 

Population 
Abundance 
Growth rate 
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Predation 
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Geographic Variation 

Implication for management? 

Biome 

Coevolutionary 
Hierarchy 

Energy and 
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Abiotic Factors 



Conceptual Models of Trophic Cascades as Suggested by Melis et al 2009 

Ecosystem 
Primary productivity 
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Population 
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Predation 
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Continental to Global Scale Ecology Programs 



Continental to Global Scale Ecology Programs 

National Ecological Observatory Network (NEON) 

Long-term Ecological Research 
Program (LTER) 



Continental to Global Scale Ecology Programs 

National Ecological Observatory Network (NEON) 

Long-term Ecological Research 
Program (LTER) 

How could LTER and NEON data be used 
to examine how ecological interactions 
(e.g., trophic cascades) vary 
geographically and the general 
principles that underlie these patterns? 
 



Jan 23   Conceptual models of ecological systems, Class orientation  
Jan 30 Terrestrial forest biomes of the world  
Feb 6    Primary productivity: controls, patterns, consequences 
Feb 13  Primary productivity: comparison among biomes 
Feb 27   Habitat complexity: controls, patterns, consequences 
Mar 5    Habitat complexity: comparison among biomes 
Mar 19   Trophic cascades: controls, patterns, consequences 
Mar 26   Tropic cascades: comparison among biomes 
Apr 2    Community diversity: controls, patterns, consequences 
Apr 9    Community diversity: comparison among biomes 
Apr 16   Synthesis: Interactions among state variables across biomes 
Apr 23   Synthesis: Grouping Biomes based on ecological properties  
Apr 30 Student presentations 

Course Topics 
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