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Can managing for late-successional and old-growth forest 
characteristics be one element of ecosystem management?

From: Burrascano, S., W.S. Keeton, F.M. Sabatini, and C. Blasi. 2013. Commonality and 
variability in the structural attributes of moist temperate old-growth forests: A global review. 
Forest Ecology and Management 291:458–479.   
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• Recognizing variability

• Flexibility in OG 
management!

• Multiple pathways of 
development

• Manage as dynamic 
systems

Broadening our perspective about “old‐
growth silviculture

From:  Bauhus, J., Puettmann, K., Messier, C., 2009. Silviculture for 
old-growth attributes. Forest Ecology and Management 258: 525-537.



Northwest Forest Plan
• U.S. Forest Service

• Bureau of Land Management

• U.S. Environmental Protection Agency

• U.S. Fish and Wildlife Service

• National Park Service



From Franklin…Keeton et al. (2002). For. Ecol. and Mgt.

One Pathway of Forest Stand Development: 
Role of Biological Legacies

Disturbance/Legacy 
Creation

Cohort 
Establishment

Canopy 
Closure

Biomass 
Accumulation/
Competitive 
Exclusion

Maturation/ 
Understory 
Reintiation

Vertical 
Diversification

Horizontal 
Diversification



Late‐Successional Reserves 
Established by the Northwest 
Forest Plan

From: Vogt, K.A…W.S. Keeton et al. 1997.  
Ecosystems: Balancing Science with Management.  
Springer‐Verlag, New York, N.Y. 4



Restoration Treatments to Accelerate Succession 

• Thinning from 
below the canopy

• Under‐planting of 
shade tolerant 
conifers

Photo credit: Jerry F. Franklin, University of 
Washington



Intermediate Treatments:

e.g. Variable Density Thinning

Figures from Franklin, Mitchell, and Palik (2007).  
US. Forest Service GTR NRS-19





“Demonstration of Ecosystem 
Management Options”

Variable Retention Harvesting





Science:
• Multi‐disciplinary team of 20 scientists and 

communications specialists
• Compilation of historic and contemporary 

data sources
• Use of remotely sensed National Land Cover 

Database 
• Variety of projection methods for future 

scenarios
• Integration of empirical and modeling 

studies to interpret trends

Application:
• Unprecedented effort to develop policy 

recommendations
• Expert opinion process 
• Major multi‐media campaign 
• Down‐scaling through stakeholder based 

processes



• Region area: 17 million ha
• Forested area: 13 million ha or 

79% of total

Modified from National Land Cover  Database (2001):

• 16‐class land cover classification 
• Spatial resolution = 30 meters. 
• Based primarily on unsupervised classification of 

Landsat Enhanced Thematic Mapper+ circa 2001 
satellite data. 

• Three elements: land cover, percent developed 
impervious surface, and percent tree canopy 
density.



Estimated forest cover change                
since the early 1600s 

Data sources compiled in: Foster, D. R., and J. Aber (eds). 2004. Forests in 
time: the environmental consequences of 1,000 years of change in New 
England. Yale University Press, New Haven, CT





• Sources: Population map based on data from the U.S. Census Bureau. To represent meaningful changes, 
only sub‐county areas with a 2008 population of 50 people or more are shown. 

• The projected forest development map is reprinted from the Forests on the Edge research project, 
sponsored by the U.S. Forest Service (Stein et al. 2005, 2010).



Sources: Maps reprinted from Lilieholm et al. (2010) with data from the James W. 
Sewall Company. Line graph reprinted from Hagan et al. (2005)

Changing ownership patterns are 
influencing forest loss and fragmentation…







Wildlands and Woodlands: 
The Long‐Term Alternative

• Will require a doubling in the rate of forest conservation 
over current levels to achieve the vision within 50 years.
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Patch Cutting:

• Used increasingly
• Sometimes with 

retention, dispersed 
and aggregated

• Proportion of 
landscape is key

• Long term 
implications ‐> 
increased 
abundance of stem 
exclusion stage 
stands?

Managing for Early‐Successional Habitat



“Expanding Gap” 
Study.  Univ. of Maine. 

• Expanding group 
selection with 
retention

•Entry cycle and 
area in openings 
mimic disturbance 
frequency and 
intensity

(From North and Keeton 2008; 
as modified from Seymour 2005)



Vermont Forest Ecosystem Management 
Demonstration Project



Structural Objective Silvicultural Technique 
Multi-layered canopy  Single tree selection using a target 

diameter distribution 
 Release advanced regeneration 
 Establish new cohort 

Elevated large snag densities  Girdling of selected medium to 
large sized, low vigor trees 

Elevated downed woody debris densities 
and volume 

 Felling and leaving, or 
 Pulling over and leaving 

Variable horizontal density  Harvest trees clustered around 
“release trees” 

 Variable density marking 
Re-allocation of basal area to larger 
diameter classes 

 Rotated sigmoid diameter 
distribution 

 High target basal area 
 Maximum target tree size set at    

90 cm dbh  
Accelerated growth in largest trees  Full and partial crown release of 

largest, healthiest trees 
 

Structural Complexity Enhancement (SCE)



Single-Tree Selection Unit

Structural Complexity Enhancement Unit

Pre-Harvest

Pre-Harvest

Post-Harvest

Post-Harvest



 Study Areas:

 Mount Mansfield State Forest

 Jericho Research Forest

 Paul Smith’s College (via cooperation)

• Mature, multi-aged northern 
hardwoods

• History of thinning and selection 
harvesting

• Mid-elevation, moderate productivity

Methods



P = 0.048   (Trees > 50 cm dbh) 

P = 0.042   (Tree > 61 cm dbh) 

FVS projected change in large 
tree densities after 50 years

Keeton , W.S. 2006.  Forest Ecology and Management
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Fungi Responses to Experimental 
Disturbance-based Treatments

Dove and Keeton. In Review



National Audubon’s Silviculture with Bird’s in Mind

http://vt.audubon.org/foresters‐birds



Predicted Carbon Storage using 
the Forest Vegetation Simulator
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Supporting carbon market participation  with 
the “best available science”…

Nunery and Keeton (2010)
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Cash Flows For Carbon Market Participation (ARB) 
by Predictor of Financial Viability

Kerchner and Keeton. Forest Policy and Economics. In Review



From Keeton et al. 2013. Springer Verlag

The Carpathian Mountain 
Region – Central and 
Eastern Europe



World Heritage 
Site designation 
recently extended 
to 5 forests in 
Germany







From: Kuemmerle, T., P. Olofsson, O. Chaskovskyy, M. Baumann, K. Ostapowicz, C.E. Woodcok, R. 
Houghton, P. Hostert, W.S. Keeton, and V.C. Radeloff. 2011. Post-Soviet farmland abandonment, forest 
recovery, and carbon sequestration in western Ukraine. Global Change Biology 17:1335–1349.



From: Kuemmerle, T., P. Olofsson, O. Chaskovskyy, M. Baumann, K. Ostapowicz, C.E. Woodcok, R. 
Houghton, P. Hostert, W.S. Keeton, and V.C. Radeloff. 2011. Post-Soviet farmland abandonment, forest 
recovery, and carbon sequestration in western Ukraine. Global Change Biology 17:1335–1349.

Net carbon fluxes due to land-use change in 
western Ukraine, 1900 to 2007



From Keeton et al. 2013. Springer Verlag

• Landscape‐scale conversion to 
genetically non‐endemic Norway 
spruce (Picea abies)

• Forest health decline
• Age class imbalance



Photo Credits: William Keeton

Restoration forestry in the 
Carpathians: spruce to 
mixed species conversion
• Rapid approach – patch 

cutting replanting
• Phased approach – group 

selection, retention, release 
of advanced regeneration



“Close to Nature Silviculture” –
FORZA’s Demonstration in Western Ukraine

 Demonstrated economic profitability of conversion cutting in 
Norway spruce plantations

 Developed a “close-to-nature” silvicultural system
 Established 126 demonstration sites for close-to-nature 

silviculture on State Forestry Enterprises in Transcarpathia. 
 Close-to-nature silviculture

trials conducted in 36 forest 
types

Photo credit:        
W. Keeton
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Data: Courtesy of Yuri Derbal, FORZA

Modeling performed by Dmytro Karabchuk, 
Carbon Dynamics Lab.
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Closing Thoughts

• Silviculture promoting late‐
successional characteristics is an 
element of ecosystem in many 
different regions

• There is no “one‐size‐fits all” 
approach; must be adapted to 
regional context

• Co‐benefits such as biodiversty and 
carbon

• Integration with multiple objectives 
and values

• Part of adaptive management?
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