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Adapation is a never ending, continually accelerating process. 



Adaptative capacity = strategies of a system to 
respond to environmental (and socioeconomic) 
changes

- by new ways of operating, interactions, and 
reorganization. 

Success = Provision of desired ecosystem services

Resilience = adaptation + success 

Adaptation versus Resilience
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Organiza-
tional level

Measurable
property

Adaptation mechanisms

Communities Species composition Migration, extinction,  speciation

Food web structure Different routes and rates of energy 
movement (matter?)

Population Number of organisms Culturability, e.g., flexibility in 
reproduction rates, social structures, 
and relationships

Spatial location of 
organisms

Social plasticity, movement 

Organism Number of organs, 
relative position of 
organisms, behavior 

Developmental plasticity (e.g., 
muscle, leaf area, size), epigenetics

Physiological and behavioral 
plasticity Modified from Conrad 1983

Adaptation mechanisms
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Adaptation mechanisms



Climate change

From Hagerman and Pelai 2018 FrontEcolEvol

Adaptation: management recommentations



Adaptation: management recommendations



Silviculture tools



Thinning
Fertilization

Harvest
Clearcut
Shelterwood
Variable Retention

Regeneration
Planting
Seeding
Protection

Site 
Preparation

Pre-commercial 
Thinning
Release

Silviculture practices



(sensu A. 
Haldane)

The dog and the Frisbee 

Complex problems = simple rules

Sensu A. Haldane



• Insurance hypothesis: functional diversity 
of species, provenances, traits 

• mixed species, multiple canopy layers
• Cross-scale interactions

• variable density stands, different stand sizes, rotation 
age, retention 

• Self-organization, bottom-up control w/ 
feedback loops
• understocked areas, let natural processes play out

• Spatial configuration, modularity:
• connectivity, fragmentations, “inoculation”

• Disturbances: manage/reduce severity
• density management, rotation age, fuel management, 

let-burn policy, species choice, connectivity

Conceptual basis for management
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Conceptual basis for management



• Insurance hypothesis: functional diversity of 
species, provenances, traits 

• mixed species, multiple canopy layers
• Cross-scale interactions

• variable density stands, different stand sizes, rotation 
age, retention 

• Self-organization, bottom-up control w/ 
feedback loops
• understocked areas, let natural processes play out

• Spatial configuration, modularity:
• connectivity, fragmentations, “inoculation”

• Disturbances: manage/reduce severity
• density management, rotation age, fuel management, 

let-burn policy, species choice, connectivity

Conceptual basis for management



Conceptual basis for management



• Insurance hypothesis: functional diversity of 
species, provenances, traits 

• mixed species, multiple canopy layers
• Cross-scale interactions

• variable density stands, different stand sizes, rotation 
age, retention 

• Self-organization, bottom-up control w/ 
feedback loops
• understocked areas, let natural processes play out

• Spatial configuration, modularity:
• connectivity, fragmentations, “inoculation”

• Disturbances: manage/reduce severity
• density management, rotation age, fuel management, 

let-burn policy, species choice, connectivity

Conceptual basis for management



Conceptual basis for management



• Insurance hypothesis: functional diversity of 
species, provenances, traits 

• mixed species, multiple canopy layers
• Cross-scale interactions

• variable density stands, different stand sizes, rotation 
age, retention 

• Self-organization, bottom-up control w/ 
feedback loops
• understocked areas, let natural processes play out

• Spatial configuration, modularity:
• connectivity, fragmentations, “inoculation”

• Disturbances: manage/reduce severity
• density management, rotation age, fuel management, 

let-burn policy, species choice, connectivity

Conceptual basis for management





Conceptual basis for management:

• Insurance hypothesis: functional diversity of 
species, provenances, traits 

• mixed species, multiple canopy layers
• Cross-scale interactions

• variable density stands, different stand sizes, rotation 
age, retention 

• Self-organization, bottom-up control w/ 
feedback loops
• understocked areas, let natural processes play out

• Spatial configuration, modularity:
• connectivity, fragmentations, “inoculation”

• Disturbances: manage/reduce severity
• density management, rotation age, fuel management, 

let-burn policy, species choice, connectivity



https://www.nrfirescience.org/event/fuel-treatment-
effects-ponderosa-pine-and-mixed-conifer-forests

Conceptual basis for management
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Modified from Scheller et al. NSF proposal



Funct. 
Div.

Cross
-scale 

interact.
Self-

organ.
Spatial 
config. 

Reduce 
dist. 

sever.

Group selection CR SW SW SW

Shelterwood CR, SW SW

Thinning CR, SW

Natural regeneration CR, SW CR, SW CR, SW CR, SW

Artificial regen. 
(species mixtures)

CR

Assisted migration
species;provenances)

CR, SW SW

Variable rotation age CR CR CR, SW SW

Variable retention
(green tree; snag)

CR,SW CR, SW CR, SW CR,SW

Corridor creation CR

Expanded reserves SW CR, SW SW

Prescribed fire SW SW
CR = Coast Range                SW = SouthWest Oregon Modified from Scheller et al. NSF proposal
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Management examples



Uncertainty
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Management examples
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Weed control

Management examples



Possible pathways
Adaptive capacity

Possible pathways
Adaptive capacity

Traditional 
forest 
Management

Traditional 
forest 
Management 
+ adaptive 
capacity

Treatment timing: Even-aged forest



Possible pathways
Adaptive capacity

Drawing from Kuuluvainen et al. 2012 AMBIO

Treatment timing: Uneven-aged forest



Thinning Thinning Thinning ThinningThinning

Assisted migration: species

Adaption of treatment timing



Questions and 
Comments? 

Acknowledgement: Colleagues and students for inspirational readings, 
discussions, and feedback. 

Danke !! 
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