
Nurturing Resilience ï

Lessons from Managing Complex Ecosystems
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Holling, CS. 1978. Adaptive Environmental Assessment and Management. 
Blackburn Press

How do theories, myths, mental models, paradigms 

provide foundations for management ?



Coral Dominance

Algae Dominance

Coral Reefs
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Everglades

Grand Canyon      
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Two Stories



Everglades Issues
ÅEndangered Species (20)

ÅDecline in Wading Bird Nesting

ÅWater supply

Å(urban, agriculture, ecosystem)

ÅWater quality

Å(agriculture runoff )



Sawgrass Marsh

Cattail Marsh

Soil Phosphorus

Disturbances (fire,drought)

????

Loss of ecological 

resilience



Sand for Beaches
Endangered plants and animals 

Recreational Use-Fishing, Rafting, Camping, Hiking
Power Generation

Non-native plants and animals
Cultural History-Claims

Water Allocations/ Deliveries

Glen Canyon Dam

Northern Arizona

Grand Canyon Resource Issues 



Loss of Sediment 

1952 1995



River Temperature pre dam

River Temperature Post dam



Humpback Chub 

Population estimates

Native Fish
4 species extinct

3 endangered species



From a hot & cold, muddy river

to a colder, clearer river
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Managing Ecological 
Regimes

Maintain desired regime
Focus on thresholds

Enhance ecological resilience

Restore to more desirable regime
Reversibility/hysteresis

Sufficient resources to experiment

willingness to experiment

ecological resilience may be intentionally 
degraded



Ecosystem Management = Regime Management

State
System                   A                 B

Wetland 
vegetation:       sawgrass < -- > cattail

Birds:                 nesting < -- > non -nesting

Populations:         endangered < -- > safe

Sediment: replenished <--> eroding



Betting on Reversibility..
Everglades Restoration

8 billion US$ 

authorized in 2000

30 year time horizon

Grand Canyon AMP

12 million US$ per year

200 million US$ for TCD



Passive Adaptive Management :
-Use information  on system to iteratively update, evaluate policy 

-Actions related to system state and historical constraints

-Robust to uncertainties

-Fails due to conservatism in face of uncertainty

Active Adaptive Management :
-Deliberate experimentation (perturb system for response)

-Requires trade-off between objectives and learning

-Requires ability to control actions, partition factors

-Adequate design (controls and replication)

Walters, C.J.  (1986) Adaptive Management of Renewable Resources

What is Adaptive Management?



Everglades Adaptive Management  

Assessment Workshops

3 years, 8 workshops (1989-1992)

60-80 persons involved

Transformation of Understanding

Led to Restudy Process

Avoiding Management Trials

For more than a decade, have planned, but not 
acted. 

Suggests that the social system is very resilient


