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Drivers of Evolution(Adaptation)

COUR ]ESTER
.,

Time scale

Modified from Benton 2009

Environmental or spatial scale

Adapation is a never ending, continually accelerating process.



Adaptation versus Resilience

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




Adaptability
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Adaptation = Ecosystem Service
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Silviculture treatment



Adaptation mechanisms

Organiza- |Measurable Adaptation mechanisms

tional level |property

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 Social plasticity, movement
organisms

Organism Number of organs, Developmental plasticity (e.g.,
relative position of muscle, leaf area, size), epigenetics

organisms, behavior

Physiological and behavioral
plasticity Modified from Conrad 1983



Adaptation mechanisms

Organizational scale
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Adaptation mechanisms
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Adaptation: management recommentations

Climate change

Actionable
(31%)

Management tactics

Planning and decision making

Policy reform
Increased capacity related to
scientific knowledge and
uncertainty

Societal awareness

Institutional capacity and
support

Strengthen existing or develop
novel partnerships
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General
20 40 Principle (69%)
Percentage of recommendations (%)
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Adaptation: management recommendations
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_Abstract: Natural resource managers need concrete ways fo
adapt to the affects of climate change. Science-managemant
parmerships have proven o be an gffective means of facili-
tating climate change adaptation for natwal resource man-
agement agencies. Hare we deseribe the process and results
i science-management parimerships in different for-
fons of the Unired Seates (U'S.). including the Pacific
Northwast, interior Wesi, Pacific Southwest, and Uppar Mid-
westand Northaast. Led by UL.S. Forest Sarvice seientists, these
10 adapt resource in
National Forests, national parks. and iand managed by other
federal and staw agencies w climaw chamge and ypically
mvolved vulnerabilily assessmenis and science-management
workhops 1o develop adapration swategias and wacrics. e
discuss conpmonalitias among these efforts, specific outcomes,
and applicabiity to ather regions and adaptation &fferts.

INTRODUCTION

Federal land management agencies in the United States
are beginning to incarporate climate change info their
memagement planming and operstions. Department-
and agencylevel strategic plans and directives are
Iy £ the of incorp
inz climate change in azency activities For example
Secretary of the Interior Order 3289, signed in 2009 and
amended in 2010, suzzests that potential climate changze
impacts pecessitate changes in how the U.S. Department
of the Interior (USDIOI) manages natural resources and
requires Ifs agencies to incorporate climate change m
planning, prioritization, and decision-making (USDOT
2009). Similarly, in the U.S. Department of Agriculture
(USDA) strategic plan for fiscal years 2010-2015
(USDA 2010), one of four stratezic zoals is to snsure
that National Forests and private working linds are
conserved, restored, and made moze resilient to climate
1 Departmentzl Regulation (DE-1070-
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Forest Adaptation Resources:
Climate Change Tools and Approaches
for Land Managers, 2nd edition

Annals of Forest Science (2019) 76: 48
https://doi.org/10.1007/513595-019-0827-x
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Silviculture tools
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Silviculture practices

Thinning
Fertilization

Pre-commercial
Thinning
Release

Clearcut
Shelterwood
Variable Retention

Regeneration preparation
Planting

Seeding
Protection



The dog and the Frisbee

Sensu A. Haldane

Complex problems = simple rules



Conceptual basis for management

* Insurance hypothesis: functional diversity
of SpECIES provenances, traits
* mixed species, multiple canopy layers



Conceptual basis for management
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Managing for adaptive capacity: thinning improves food availability
for wildlife and insect pollinators under climate change conditions

Andrew E. Neill and Klaus ]. Puettmann

e

Neill and Puettmann 2013



Conceptual basis for management

* Insurance hypothesis: functional diversity of
species, provenances, traits
* mixed species, multiple canopy layers

e Cross-scale interactions

* variable density stands, different stand sizes, rotation
age, retention
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Conceptual basis for management

* Insurance hypothesis: functional diversity of
species, provenances, traits
* mixed species, multiple canopy layers

e Cross-scale interactions

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

* Self-organization, bottom-up control w/
feedback loops

e understocked areas, let natural processes play out
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Conceptual basis for management

* Insurance hypothesis: functional diversity of
species, provenances, traits
* mixed species, multiple canopy layers

e Cross-scale interactions

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

e Self-organization, bottom-up control w/
feedback loops

e understocked areas, let natural processes play out

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



QO ® @ Center of deciduous, coniferous and mixed stands, respectively
Q Forest ownership
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Conceptual basis for management:

* Insurance hypothesis: functional diversity of
species, provenances, traits
* mixed species, multiple canopy layers

e Cross-scale interactions

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

e Self-organization, bottom-up control w/
feedback loops

e understocked areas, let natural processes play out

* Spatial configuration, modularity:
e connectivity, fragmentations, “inoculation”

 Disturbances: manage/reduce severity

* density management, rotation age, fuel management,
let-burn policy, species choice, connectivity



Conceptual basis for management

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



Funct.

Div.

Cross
-scale
Interact.

Reduce
dist.
sever.

Self-
organ.

Spatial
config.

Group selection
Shelterwood
Thinning

Natural regeneration
Artificial regen.
(Species mixtures)
Assisted migration
species;provenances)
Variable rotation age
Variable retention
(green tree; snag)
Corridor creation
Expanded reserves
Prescribed fire

Modified from Scheller et al. NSF proposal



Cross Reduce
Funct. : )
Div | -scale Self- Spat_lal dist.
interact. organ. config. 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. cR
(Sspecies mixtures)
ASS|s_ted migration R S W
Species;provenances)
Variable rotation age CR CR CR, SW SW
Variable retention — RS GRS GRS
(green tree; snag)
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



Management examples
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Management examples

Organizational scale

Biota

Population

Organisms

Assisted Expanded

migration: MESE S

species Species

_ mixtures

Variable
retention Corridor
Natural creation

Assisted regeneration

: . _ Group
migration: Variable selection
provenances rotation age
Weed control
Thinning

Uncertainty



Management examples

Organizational scale
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Treatment timing: Even-aged forest

Traditional
forest
Management

Forest Succession




Treatment timing: Uneven-aged forest

Drawing from Kuuluvainen et al. 2012 AMBIO



Adaption of treatment timing

COURT JESTER
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Assisted migration: species

Thinning Thinning Thinning Thinning Thinning




Danke !!

“Without
deviation
from
the norm,
progress

Questions and is not |
Comments? Sl

=-Frank
Zappa
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