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Complex Adaptive Systems 

 Collections of individual agents 

 Agents can be heterogeneous 

 Agents interact locally and nonlinearly 

 Agents adapt their features/strategies based 
on the outcomes of those interactions 



Features of Complex Adaptive Systems 

Rapid adaptation 
Codependent agents 

Emergent phenomena 
Tipping points 

Self-organized criticality 
Social dilemmas 

Stakeholder diversity 



Rapid 
Adaptation 



Two Types of Adaptation 

 Biological evolution 
operates through genetic change (slower) 

 Cultural evolution 
operates through social learning (faster) 



Two Common Misperceptions 

 Biological evolution is always slow 
 On the contrary, rapid contemporary evolution 

is widespread, in particular in response to 
anthropogenic environmental change 

 Biological evolution is always optimizing 
 On the contrary, selection operates at the 

individual level, implying that population-level 
features will rarely get optimized by evolution 



 Evolutionary responses of stocks to 
modern fishing pressures are inevitable 

 Significant evolution can occur within 
just a few generations 

 Evolutionary changes are not necessarily 
beneficial 

 Evolutionary changes will often be 
difficult to reverse 

Example: Modern Fisheries 



Which Traits Are at Risk? 

 Age and size at maturation 
  Reproducing late is impossible 

 Reproductive effort 
  Saving for future seasons is futile 

 Growth rate 
  Staying below mesh size prolongs life 

 Morphology and behavior 
  Avoiding fishing gear is advantageous 
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Northern Cod: Fishing History 

The northern cod stock collapsed in 1992, 
in one of the worst disasters of modern fishing 
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Northern Cod: Evolutionary Change 

 
A strong negative trend in maturation schedule, 
as predicted by theory 



© Google Earth 

Feeding grounds 
Barents Sea, 
mature & juvenile fish 
Spawning grounds 
Norwegian coast, 
only mature fish 

With a catch of 400,000 tonnes per year, Northeast Arctic cod is 
one of the most important European fish stocks 

Northeast Arctic Cod: Stock Structure 
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This shift in maturation schedule contributes to a drop in 
maturation age from 9-10 years to 6-7 years and reduces initial 
egg production by about 50% 

Until about 1970 

Today 

Northeast Arctic Cod: Evolutionary Change 
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Codependent 
Agents 





A few rich cooperators suffice to enable 
cooperation under adverse conditions 

With wealth inequality Without wealth inequality 

Blue: cooperators, red: defectors, bright: rich sites, dark: poor sites 



Social planners can maximize cooperation by 
managing wealth inequality 

High temptation to defect Low temptation to defect 
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Making just 10% of sites 
3 times richer greatly 

improves cooperation 

Planners can move along 
iso-wealth curves to 

maximize cooperation 

For low 
temptation to 
defect, as in 

societies with 
strong 

institutional or 
social control, the 

situation 
reverses: full 

equity now 
maximizes 

cooperation 



Emergent 
Phenomena 



Langton’s Ant 

Ant moves: 
(1) On a white 
square, turn 
90° right, on a 
black square, 
turn 90° left 
(2) Flip the 
color of the 
square and 
move forward 
one square 
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Evolution under Local Competition 



Agent-based Evolution 

Disruptive selection 

Branching point 

Evolutionary time 

Ph
en

ot
yp

e 

Directional selection 



Branching point 

Evolutionary time 

Ph
en

ot
yp

e 
Endogenous Diversification 

Directional selection Disruptive selection 



Evolving Vegetation 



Fitness Landscape of Evolving Vegetation 

Leaf construction cost (kg per m2 ) 
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Reconciliation of niche theory and neutral theory 
within a single integrative model 



Tipping 
Points 
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Social trap 

Compulsory Participation 



= c/n = c 

Voluntary Participation 



Self-
organized 
Criticality 



Community Assembly and Collapse 



Community Assembly and Collapse 


	Slide Number 1
	Slide Number 2
	Understanding�Complex Adaptive Systems  
	Complex Adaptive Systems
	Features of Complex Adaptive Systems
	Rapid Adaptation
	Two Types of Adaptation
	Two Common Misperceptions
	Example: Modern Fisheries
	Which Traits Are at Risk?
	Northern Cod: Fishing History
	Northern Cod: Evolutionary Change
	Slide Number 13
	Northeast Arctic Cod: Evolutionary Change
	Fast Pace of Evolutionary Decline
	Slow Pace of Evolutionary Recovery
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Codependent Agents
	Slide Number 23
	A few rich cooperators suffice to enable cooperation under adverse conditions
	Social planners can maximize cooperation by managing wealth inequality
	Emergent Phenomena
	Langton’s Ant
	Evolution under Local Competition
	Agent-based Evolution
	Endogenous Diversification
	Evolving Vegetation
	Fitness Landscape of Evolving Vegetation
	Tipping Points
	Slide Number 34
	Compulsory Participation
	Voluntary Participation
	Self-organized Criticality
	Community Assembly and Collapse
	Community Assembly and Collapse

