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Let’s talk about old-growth forests:

1. What have we learned?
2. Commonality and variability around 

the world
3. Inventory and conservation in the 

U.S. and Europe
4. Restoration and adaptation in the 

face of global change

Photo credit: W.S. Keeton
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Old-growth hemlock-
hardwood forest, High 
Peaks Wilderness, 
Adirondack State Park, NY

Photo credit: W.S. Keeton

We tend to 
romanticize 
old-growth, 
looking for 
iconic forests

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Ecology and Recovery 
of Eastern Old-Growth 

Forests
Edited by Andrew M. Barton and 

William S. Keeton

www.islandpress.org
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“Contemporary 
ecology paints a 
different picture… 
we have to 
recalibrate…the 
retrained eye sees 
the messy 
consequence of 
disturbance as 
complexity…”

-  Keeton and Barton. 2018.  In: 
Barton and Keeton (eds.). Ecology 
and Recovery of Eastern Old-Growth 
Forests. Island Press

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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One Pathway of Forest Development Following 
Partial Disturbance 

Density dependent 
tree mortality

Density independent 
tree mortality
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Three alternate 

pathways of stand 

development, with 

associated structural 

complexity

From Donato et al. 2012.  

Journal of Vegetation 

Science
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The Koprova Valley in the High Tatra Range 

(Carpathian Mountains) in the Slovak Republic: 

a primary forest landscape shaped by centuries 

of superimposed natural disturbances 
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Old-Growth Riparian 
Forests 

Strong effects on:
• Large wood loading
• Stream geomorphology
• Light regimes and in-stream 

productivity
• Nutrient processing and retention
• Flood resilience
• In-stream carbon storage

See papers by: Keeton et al. (2007), Warren 
et al. (2009), Bechtold et al. 2016), Warren 
et al. 2016, Keeton et al. 2017, Peters-
Collaer and Keeton (2025)
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Old-growth forests are a global ecosystem formation across the 
temperate biome in both northern and southern hemispheres  
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• Spatial 
variability is 
THE defining 
characteristic

• Old-growth 
structure in 
dynamic 
systems is an 
emergent 
property

Rothwald Old-growth Forest, Austria
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Region

NMDS ordination 

of OG stands by 

region

(n = 246)

Old-growth forests in 

different regions exhibit 

structural similarities 

and differences. 

The US Northeast and 

Central/Eastern Europe 

are the most similar in 

our dataset
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• Old-growth 
values often 
higher than 
mature forest

• BUT high degree 
of variability 
within and 
among systems

Commonality 

in old-growth 

structure 

globally?

M = Mature  

OG = Old-growth   n = 501 sites
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U.S. Pacific 

Northwest

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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Bhutan, 

Central 

Himalayan 

Mountains

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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Patagonia, 

Chile

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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Carpathian Mountains, Ukraine

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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The stone pine forests of the 
Kôprová Valley in the High Tatra 
Range of the Carpathians, Slovak 
Republic

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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Eucalyptus regnans (mountain ash).  Queensland, Australia

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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Northern-hardwood-

conifer forests. 

Northeastern U.S.

What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Overall, carbon storage in 
older forests tends to be 
high globally, despite:

• Multiple sources of 
variability, including 
productivity

• Dynamics associated 
with disturbances, and

• Multiple pathways of 
carbon accumulation
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

U.S.

vs.

Europe
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Alternate methodologies 
in the U.S.:

Multivariate.  From Woodall et al. 
(2023).  National inventory of mature 
and old-growth forests

Classification based on carbon accumulation 
by forest type for the United States.  From: 
Barnet, Aplet, and Belote (2023). 
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

USDA Threat Analysis of Mature and Old-Growth Forests. 2023

Existing old-growth forests are 
threatened by:

• Forest fires 
• Drought 
• Insects
• Rural housing development.  

All of these threats are 
projected to increase in the 
future.

Conserving old-growth forests will require 
more than just protected areas
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Map:

Modeled (predicted) areas likely 

to have high concentrations of 

primary forests

Remnant stands and patches 

are highly fragmented

Findings:

1.4 million ha of primary forest 

in 32 countries (estimated)

89% have some protection, 

but only 46% are strictly 

protected
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Where are the restoration and 

protection gaps?

A modest 1% expansion of 

protected areas would protect all 

remaining old-growth in Europe – 

0.3% of land area

EU Biodiversity Strategy for 2030 

recognizes need to protect and 

restore old-growth and to increase 

complexity in managed forests

But how can we restore old-growth 

forests?  Passive management only, 

or can silvicultural restoration help?

Sabatini, Keeton, Lindner et al. 2020.  Protection 
gaps and restoration opportunities for primary 
forests in Europe.  Diversity and Distributions
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Question:

Would closer emulation of natural forest dynamics help restore old-growth 

characteristics and complexity in both protected and managed forests?

Mixed-species “Close-to-Nature” 

silviculture in Bohemia, Czech Republic

Structural Complexity Enhancement, 

Vermont, USA
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Photo credit: Jerry F. Franklin

For stem-exclusion stage, 
Douglas-fir stands with limited 
shade tolerant seed sources:

Step 1.  Variable density, 
thinning-from-below the canopy

Step 2. Underplanting of shade 
tolerant conifers

Restoration Treatments to 

Accelerate Forest Stand 

Development in the PNW
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Lowland old-growth pine – 
savanna; Longleaf and 
Slash pines

Upland clayhill old-growth 
pine savanna - woodland

Fuels treatment and 
prescribed burning 
will be central to old-
growth restoration in 
drier, fire-dependent 
forest ecosystems
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

• Long-term study 

• Testing effects of natural 
disturbance-based silvicultural 
treatments on development of 
late-successional forest structure 
and function

• Initiated in 2001

• Treatments in 2003

• Outcomes monitored to present

Experimental Old-growth 
Restoration in Northern 
Hardwood-Conifers (e.g. Keeton 

2006, Ford and Keeton 2017, Keeton et. al 2018)
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Learning from the 
developmental 
dynamics of old-
growth forests

Applying this 
knowledge to 
managed stands
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A “Comparability Index” to guide Natural 

Dynamics Silviculture in Europe

Three-dimensional figure displaying size, frequency, and 

residual structure attributes of silvicultural systems and natural 

disturbance regimes in European boreal and temperate forests. 

From: Aszalos, Thom…Keeton et al. 2022. Ecological 

Applications.
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A “Comparability Index” for European forests

Size, frequency, and residual structure 

attributes for natural disturbance regimes 

and silvicultural systems in Europe. 

Dots indicate the centroids of natural 

disturbance types and silvicultural 

systems. 

The Comparability Index is based on the 

centroids of all the natural disturbance 

types assessed. 

From Aszalos, Thom…Keeton et al. 2022. 

Ecological Applications
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Does “Close-To-Nature”silviculture 
promote old forest characteristics?

Works well for:
• Gap processes
• Natural regeneration
• Conversion to site-endemic, mixed 

species composition
• Redevelopment of vertical structure

Needs further modification for:
• Large legacy trees
• Standing dead trees
• Large downed logs
• Tip-up mounds
• Spatial complexity within stands
• Diversification at landscape scales → 

resilience to disturbance
• Adaptation to climate change

Close-to-Nature silvicultural 

demonstration at the Klokocna Forest, 

Czech Republic

Applying the Comparability Index: 
Example
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“Services” and biodiversity:
• Relative to forest age
• Relative to one another 
• With climate change Thom…Keeton et al.  2019. Global Change Biology 

The services that old-growth forests provide 

may be more resilient to climate change
W
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

The services that old-growth forests provide 

may be more resilient to climate change

Thom…Keeton et al.  2019. Global Change Biology 

Change in associations 

with climate climate
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Old-growth silviculture as adaptive management

• Old-growth will be different 
in the future → boundary 
conditions will change

• But “dynamic” restoration is 
one element of adaptive 
mgt.

• Resistance: e.g. below-
canopy microclimate 
buffering

• Resilience: e.g. functional 
trait diversity, genetic and 
evolutionary potential
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

Closing Thoughts:

1. Structure in old-growth temperate forests 
is highly variable, but provides services of 
universal value

2. Inventories of remaining old-growth vary 
among regions, as does degree of 
protection

3. Option for active restoration of structural 
and functional characteristics of old-
growth temperate forests

4. Conservation and management of old-
growth systems as an element of adaptive 
management in the face of climate change

Andes Mtns., Patagonia, Chile
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What have we learned?  Commonality and variability   Inventory and conservation   Restoration and adaptation

THANK YOU! 
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