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This project has experimentally tested the ecological and economic effects and tradeoffs involved in a range of 

modified, low intensity uneven-aged silvicultural treatments in northern hardwood forests.  Modified uneven-

aged systems can be employed to promote development of late-successional structural characteristics and 

certain elements of associated biological diversity.  These systems are economically viable under the right 

market and site conditions.  Applications are relevant to a variety of sustainable forest management scenarios.



Project Summary
The use of low-intensity, disturbance- or structure-based silvicultural systems is often proposed for the 

maintenance of biological diversity and ecosystem functioning across managed forest landscapes.  In the 

northern hardwood region of the eastern United States and Canada this includes managing for late-successional 

structure, which is vastly under-represented relative to pre-European settlement conditions.  One possibility is to 

modify uneven-aged silvicultural practices to more closely approximate fine-scale natural disturbance effects.  

The as yet untested hypothesis is that these approaches would result in accelerated rates of late-successional 

structural development and related ecological functions, while also providing economic returns from low-intensity 

timber harvests.  The Vermont Forest Ecosystem Management Demonstration Project is testing this hypothesis 

using a variant of uneven-aged forestry, termed ñStructural Complexity Enhancement (SCE),ò that promotes old-

growth structural characteristics.  This approach is compared against two conventional uneven-aged systems 

(single-tree selection and group-selection) modified to enhance post-harvest structural retention.  The study is 

replicated at two mature, northern hardwood forests in Vermont.  Manipulations and controls were applied to 2 ha 

units. The uneven-aged treatments were replicated twice; the SCE treatment and controls were each replicated 

four times.  Structural objectives in SCE include multi-layered canopies, elevated large snag and downed log 

densities, variable horizontal density, and re-allocation of basal area to larger diameter classes.  Data on 

operational expenses and revenue, sorted by treatment unit and product grade, were collected during and after 

logging operations, as was information on market conditions.  Forest structure and biodiversity (plants, 

salamanders, birds, and carabid beetles) data have been collected over two years pretreatment and four years 

post-treatment.  Fifty-year simulations of stand development were run using the northeastern variant of the 

Forest Vegetation Simulator, comparing alternate treatments and no treatment scenarios.  There will be 

significant differences in stand development based on the simulation modeling.  Late-successional structural and 

compositional characteristics, including aboveground biomass (and related carbon storage capacity), will develop 

to a greater degree under SCE.  Large tree (>50 cm dbh) recruitment will be impaired under the conventional 

treatments, whereas rates of large tree development will be significantly accelerated under SCE.  Elements of 

biological diversity associated with late-successional forests, including sensitive and interior dwelling herbaceous 

plants and birds, terrestrial salamanders, and certain groups of carabid beetles, were least impacted by SCE; in 

some cases populations responded positively to habitat conditions created by this and the conventional 

treatments.  Siviculturists have the flexibility to manage for wide range of structural characteristics and 

associated ecosystem functions using unconventional silvicultural approaches.  These will not maximize revenue 

compared to more intensive harvesting practices.  However, if site quality and market conditions are conducive, 

they will provide a moderate level of economic return.  Applications range from old-growth and riparian forest 

restoration to low intensity, sustainable timber management. 



Background and Justification

Introduction

The Vermont Forest Ecosystem Management Demonstration Project (FEMDP) has the goal of bringing together researchers from diverse fields in an experimental test of forest 
management effects on northern hardwood ecosystems.  Sustainable forestry practices across managed forest landscapes contribute to the maintenance of biological diversity and 
ecosystem functioning.  ñStructure-ñ or ñnatural disturbance-basedò silvicultural approaches provide alternatives for this kind of management.  Structure-based forestry focuses on the 
architecture of forest ecosystems at both stand-level and landscape-level spatial scales.  Disturbance-based silviculture attempts to approximate the range of structural and 
compositional conditions associated with natural disturbance regimes.  These approaches share the operational objective of managing for currently under-represented forest structures 
and age classes.  

In the northern hardwood region of eastern North America a structure or disturbance-based approach would include managing for late-successional structure, which is vastly under-
represented relative to pre-European settlement conditions.  An untested hypothesis is that silviculatural practices can accelerate rates of late-successional forest stand development, 
promote desired structural characteristics, and enhance associated ecosystem functions more than conventional systems.  We have tested this hypothesis using an approach, termed 
ñStructural Complexity Enhancement (SCE), that promotes old-growth characteristics while also providing opportunities for low-intensity timber harvest.  SCE was compared against two 
conventional uneven-aged systems advocated regionally for sustainable forestry.  Conventional uneven-aged prescriptions employed in this study were modified to increase post-
harvest structural retention.  In addition, group-selection treatments were modified to approximate the average canopy opening size associated with fine-scale natural disturbance 
events in the northeastern United States based on previous research.

Alternative Silvicultural Approaches

Interest in structure-based silviculture has evolved from studies of old-growth northern hardwood and mixed hardwood-conifer forests.  These have demonstrated the ecological 
significance of specific structural elements associated with late-successional and old-growth forests.   Availability of these structures can be highly limited in forests managed under 
conventional even and uneven-aged systems.  Managing for late-successional forests has the potential to enhance ecosystem services associated with structural complexity, such as a 
subset of wildlife habitats, carbon storage, and riparian functions.  As a result, managing for old-growth structural characteristics, either in part or in full, is a proposed alternative 
silvicultural approach.  While there has been much discussion of old-growth forest restoration in the theoretical literature, there have been few experimental studies of relevant 
silvicultural methods for northern hardwood forests.  Thus, it remains uncertain whether active restoration offers advantages over passive (or non-manipulative) restoration as means for 
recovering old-growth forest conditions.  Our experimental test of SCE addressed this uncertainty. 

The objectives of SCE include vertically differentiated canopies, elevated large dead tree and downed coarse woody debris (CWD) densities, variable horizontal density (including small 
gaps), and re-allocation of basal area to larger diameter classes.  The later objective is achieved, in part, using an unconventional marking guide based on a rotated sigmoid target 
diameter distribution.  Rotated sigmoid diameter distributions have been widely discussed in the theoretical literature, but their silvicultural utility has not been field tested.  Sigmoidal 
form is one of several possible distributions in eastern U.S. old-growth forests.  These vary with disturbance history, species composition, and competitive dynamics.  The distribution 
offers advantages for late-successional structural management because it allocates more growing space and basal area to larger trees.  We predicted that the rotated sigmoid 
distribution is sustainable in terms of recruitment, growth, and yield.  If so, it would suggest that foresters have greater flexibility in managing stand structure, biodiversity, and other 
ecosystem functions in the northern forest region than previously recognized.

Biodiversity Indicators

Our research has focused on a number of taxa selected as useful indicators of biodiversity responses to silvicultural treatment. Taxa were selected based on three criteria: 1) ecological 
significance (e.g. effects on key processes); 2) habitat requirements related to aspects of forest structure and within-stand environmental conditions likely to be modified by the 
experiment; and 3) population responsiveness at scales detectable by our sampling methodology.  The later criterion applies to all of our indicator taxa except birds, for which we 
employed a different approach to assess treatment effects.  Biodiversity indicators monitoring by the FEMDP include vegetation (overstory and understory; vascular and non-vascular), 
birds, amphibians, and select soil invertebrates.  Methods and results for the biodiversity component of this study are reported in Keeton et al. (in preparation), Smith et al. (in press), 
and McKenny et al. (2006).  Please see the ñlist of productsò for citations. 

Economic Tradeoffs

Our research is evaluating the economic tradeoffs among the structure-based systems tested.  The objective is to determine the stand (timber volume and quality), site (accessibility and 
cost of harvesting operations) and market conditions necessary for structure-based systems to be economically viable and profitable.  The economics of systems that promote structural 
complexity are poorly understood.  Previous research has shown that revenue and product type vary widely with even small modifications to uneven-aged prescriptions (Niess and 
Strong 1992, Buongiorno et al. 1994).  For alternative silvicultural approaches to have appeal for landowners and forest managers, their operational and economic feasibility must be 
demonstrated.  We are evaluating economic feasibility from a present value framework, factoring in the price uncertainty stemming from the output of diverse products.  This analysis will 
allow us to address a number of research questions.  For instance, what are the economic tradeoffs involved with varying intensities of timber removal versus habitat enhancement?  
What is the economic viability of alternative silvicultural models under different scales of production?  What is the level of economic uncertainty of these systems? How sensitive are 
returns to market prices of different forest products?  And finally, what factors beyond stumpage volume, price, and interest rates affect economic feasibility and risk?
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