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Abstract Forest inventory data provide simple indicators of forest structural diversity 
in the form of forest age distributions and their change over time. A result of past 
land use and disturbance, more than half of the 51 million ha of forest in the Central 
Hardwood Region is between 40 and 80 years old and young forest up to 10 years 
old constitutes only 5.5% of the area. Simulations of a sustained level of management 
over time produce more uniform (flatter) age-class distributions. A management 
scenario designed to maintain about 7% of total forest area as young habitat results 
in a region-wide young forest deficit of one million ha relative to current conditions. 
However, management activities that create an average of 200 ha of additional 
young forest per county per year would be sufficient to erase that deficit.

6.1  Introduction

Concern over the quantity, spatial distribution, and temporal distribution of early 
successional forest habitats is a direct result of conservation concerns for wildlife 
species dependent on these forest communities and for biodiversity in general. 
Sustaining diverse, early successional forest habitats through time and across forest 
landscapes is expected to improve—or at the very least to not diminish—opportunities 
for sustaining wildlife communities that depend upon access to them.

Early successional forests can consist of pioneer tree and shrub species in associa-
tion with annual and perennial herbaceous plants colonizing former agricultural or other 
nonforest land. They can also be early stages of forest regeneration following harvests 
or other major disturbances in established forests (see Greenberg et al., Chap. 1). 
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Early successional forests include young forest plantations as well as natural forest 
regeneration, although plantations comprise only 5% of the forest area in the Central 
Hardwood Region. Managers often refer to these young forests as seedling- or 
sapling-sized forests. In the context of forest stand development, these forests are in 
the stand initiation stage of development (Loftis et al., Chap. 5). All these young 
forest communities or vegetation stages can, to varying degrees, provide habitat for 
early successional wildlife. If undisturbed, they will eventually progress to the 
stem exclusion, understory reinitiation, and old-growth stages of stand development 
(Oliver and Larson 1990; Johnson et al. 2009; Loftis et al., Chap. 5).

Our focus is on young or regenerating forests that are in the stand initiation stage 
of development. For simplicity we refer to them as young forests. In the Central 
Hardwood Region the dominant tree cover in these young forest habitats typically is 
not more than 10 years old and never more than 20 years old. Young forests are an 
important component of all early successional habitats in the Central Hardwood 
Region. Young forests can be readily established and maintained through forest man-
agement, and data on habitat abundance over time are available from the US Forest 
Service (Forest Inventory and Analysis 2010b). Other vegetation types, such as shru-
blands, provide additional habitat for early successional species, however these types 
are poorly inventoried (Greenberg et al., Chap. 1; Warburton et al., Chap. 13).

This chapter is organized around three topics. First, forest management practices 
greatly impact the amount of young forest in the landscape and how it changes over 
time with stand development. Whether forests are managed for wood products, bio-
logical diversity, or other ecological services or commodities, there is growing 
interest in sustainable forestry. We examine the availability of young forests in the 
broader perspective of sustainable management. We discuss how age class distribu-
tions are an indicator of sustainable management and a coarse filter for habitat 
diversity. Second, we consider the age distribution of forest area to be an indicator 
of the past, present, and future quantity of young forest habitats. We summarize for-
est age class distributions by state and forest type for the Central Hardwood Region. 
We determine the temporal trends in forest age class distributions that are likely to 
result from continued current patterns of disturbance, and explore management sce-
narios that would sustain a constant availability of young forests over time. Third, 
we consider how spatial and temporal distributions of young forests affect wildlife 
habitat quality. Using simulation modeling, we demonstrate how forest manage-
ment practices and natural disturbances affect the amount and spatial pattern of 
forest age classes at the landscape level. For the second and third topics, we provide 
examples of how these patterns are related to early successional wildlife species.

6.2  Sustainable Forest Management and Age Class Diversity

Internationally accepted criteria and indicators for sustainable forest management 
developed under the Montréal Process (http://www.rinya.maff.go.jp/mpci/evolution 
_e.html) include 64 indicators (informative metrics) organized into seven Criteria 
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(broad classes). The first criterion is Conservation of Biological Diversity. Its nine 
associated indicators deal with landscape-scale or ecosystem diversity, species 
diversity, and genetic diversity:

Ecosystem diversity

 1. Area and percent of forests by forest ecosystem type, successional stage, age 
class, and forest ownership or tenure.

 2. Area and percent of forests in protected areas by forest ecosystem type, and by 
age class or successional stage.

 3. Fragmentation of forests.

Species diversity

 4. Number of native forest associated species.
 5. Number and status of native forest associated species at risk, as determined by 

legislation or scientific assessment.
 6. Status of on-site and off-site efforts focused on conservation of species diversity.

Genetic diversity

 7. Number and geographic distribution of forest associated species at risk of losing 
genetic variation and locally adapted genotypes.

 8. Population levels of selected representative forest associated species to describe 
genetic diversity.

 9. Status of on-site and off-site efforts focused on conservation of genetic diversity.

Although these nine indicators provide information important for characterizing 
forest biodiversity, there is no general agreement on which values or thresholds for 
a given indicator characterize forest sustainability (or a lack thereof). This situation 
is not particular to the Montréal Process Criteria and Indicators. Most definitions of 
sustainable forestry lack quantitative specificity (e.g., World Commission on 
Environment and Development 1987; Helms 1998, National Archives and Records 
Administration 2007).

Management to sustain diverse forest habitats can be a coarse filter approach for 
managing biological diversity. Rather than attempting to monitor individual popu-
lations of all forest associated species, the coarse filter approach provides a diver-
sity of forest habitats. This diversity is expected to provide suitable habitats for 
forest-associated species, including those for which inventory data are limited 
(e.g., invertebrates and fungi). Coarse filter screening can be adapted to take into 
account the distribution of habitats across ecoregions or other relevant strata in an 
attempt to ensure greater dispersion of habitats (e.g., to ensure that focal habitats 
such as woodlands or old-growth forests are spatially distributed across multiple 
ecoregions).

The coarse filter approach has been used to guide establishment of protected 
forest areas, but it is not limited to allocation of protected forests. Coarse filter 
approaches are equally applicable to actively managed forests where they can be 
used to quantify and maintain habitat diversity. Because forest habitats change 
over time due to endogenous and exogenous processes and disturbances, any 
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coarse filter approach to managing biological diversity must take into account the 
spatial and temporal patterns of disturbances necessary to maintain future habitat 
diversity (Haufler et al. 1996). The historic range of variation in habitat diversity 
and/or ecosystem processes (e.g., historic forest fire frequency) is sometimes 
used as a benchmark for judging adequacy of current habitat diversity, but that 
presumes a rationale for selecting a particular time in history as a desirable 
benchmark (see Warburton et al., Chap. 13). Benchmarks for the range of historic 
variation in forest ecosystems are often linked to years for which historic data 
happen to have been collected (e.g., during initial land surveys) rather than by other 
objective criteria.

Although coarse filter screening is a suitable starting point for evaluating present 
and future forest habitat diversity, characterization and maintenance of habitat 
diversity requires assessment at finer spatial scales. Thus, a hierarchical approach 
also includes meso-scale evaluations of habitat components (e.g., down logs, snags, 
seeps, riparian forests), and fine-scale evaluation of individual species, with particular 
emphasis on species that are at risk of extinction (Schulte et al. 2006).

A coarse filter approach to evaluating and conserving forest diversity could be 
applied using variables that describe forest vegetation types or stages such as age 
structure, overstory species composition, understory species composition, size 
structure, tree density, stocking percent, past disturbance regime, patch size, geo-
graphic location, ownership, or spatial juxtaposition of habitat components. 
However, there are some practical constraints on the process. First, variables used 
in a coarse filter analysis must have been inventoried across the landscape of inter-
est. Second, the number of variables analyzed simultaneously when applying a 
coarse filter approach to a specific landscape must be commensurate with the 
capacity to manage the landscape for habitat diversity. For example, in a given for-
est landscape it might be desirable to maintain 20 forest age classes across each of 
five forest cover types with multiple spatially dispersed forest patch sizes. However, 
the logistics of creating and maintaining that range of structural and compositional 
diversity over time would likely be daunting, especially in forest landscapes with a 
large proportion of private ownership.

Data are readily available to support a coarse filter examination of forest age 
class diversity at regional and national scales (millions to hundreds of millions of 
hectares). Age classes are indicative of forest size class, structural characteristics, 
and successional stages, and all these age-associated characteristics are in turn 
indicative of habitat quality for key wildlife species. In the past decade, publications 
at local, state, regional, and national scales have reported forest age class diversity 
as an indicator of forest biodiversity using the Montréal Process Criteria and 
Indicator framework (e.g., Baltimore County 2005; Carpenter 2007; USDA Forest 
Service 2004).

The distribution of forest area by age class is among the simplest large-scale 
indicators of forest structural diversity. Such information has been applied rou-
tinely for more than a century to develop sustained yield timber management 
plans, and in some conservation approaches forest structural diversity is assumed 
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to be a surrogate for wildlife diversity. Moreover, forest age or size class distribu-
tions also can be used to directly model wildlife habitat or abundance. For example, 
Rittenhouse et al. (2007) and Tirpak et al. (2009) used forest age class or size 
class for individual sites (e.g., 0.01 ha) and for collections of sites describing 
the surrounding landscapes as key variables in habitat suitability models for 
wildlife. Twedt et al. (2010) used county-level estimates of forest area by size-class 
from the Forest Inventory and Analysis program as covariates to predict bird 
abundance as measured by the North American Breeding Bird survey. In this 
volume, Franzreb et al. (Chap. 9) relate trends in bird abundance to trends in forest 
age classes.

6.3  State and Regional Forest Age Class Distributions

We assessed forest age class distributions for ten states that fall mostly in the Central 
Hardwood Region: Arkansas, Illinois, Indiana, Kentucky, Michigan, Missouri, 
Ohio, Pennsylvania, Tennessee, and West Virginia (see McNab, Chap. 2; Fig. 2.1). 
We utilized state-wide inventory data to examine forest age-class structure by state, 
for multiple states, and by forest type. The Forest Inventory and Analysis (FIA) 
division of the US Forest Service inventories the nation’s forests in detail and pub-
lishes state, regional, and national summaries (e.g., Woodall et al. 2006; Smith et al. 
2009, Forest Inventory and Analysis 2010a). Moreover the data and associated sum-
mary, mapping, and analysis tools are publicly available online (Forest Inventory 
and Analysis 2010b). In addition to measures of current forest conditions, there are 
temporal records for some forest characteristics that extend back as far as 50 years 
for some states. To the extent possible we utilized the FIA EVALIDator tool (Miles 
2010) for data summaries; it automatically applies the appropriate weights to expand 
plot-level data to area wide estimates while taking into account the three-phase, 
stratified, FIA sampling design.

Estimation of forest characteristics using FIA data is not restricted to individual 
state totals. Forest area, volume, and number of trees can be readily summarized by 
county, groups of counties within or among states, groups of states, congressional 
districts, ecoregions, or other user-specified geographic regions. Summaries for 
any geographic region can be further subdivided by species group, age class, tree 
size, site quality, or other variables of interest. However, as the sampled area and 
number of inventory plots included in any subcategory decreases, the standard 
error of the estimate for that subcategory increases. We concentrated primarily on 
state-level summaries for two reasons. First, some historical forest resource data 
are available only as state-wide summaries, so some historical trends can only be 
summarized at the state scale. Second, state forestry or natural resource agencies 
will be key to designing and implementing any future policies or management 
practices intended to create or maintain early successional forest habitats within 
their jurisdiction.
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We summarized the current forest area by age class for each state and by forest 
cover type across all 10 states. For the various age class distributions we computed 
rates at which forest regeneration would need to occur (i.e. hectares regenerated per 
decade) to periodically replenish and maintain alternative amounts of young forest 
habitat. Specifically, for scenarios that set aside differing levels of undisturbed forest 
(e.g., 10% or 20% of all hectares) we computed the amount of additional young 
forest that must be created (or avoided) to sustain a constant area of young (20 years 
or less) forest over time. Finally, for one selected state within the study region—
Indiana—we examined changes in forest age distributions over time by compiling 
time series information from previously published inventory reports.

6.3.1  Forest Age Classes by State

The ten states examined in this analysis have, combined, 51 million ha of forest  
land, or 17% of all US forest land (Table 6.1). Forests cover 43% of the land area  
in the 10-state region, and oak-hickory (Quercus-Carya) and maple-beech-birch 
(Acer-Fagus-Betula) forest types cover more than two-thirds of the forest area. The 
distribution of forest area by age class across the study region is distinctly unimodal 
(Fig. 6.1). Across the ten states, 60% of the total forest area is between 40 and 
80 years of age. State entries in Fig. 6.1 are ordered from those with the least forest 
area in the 0–10-year old age class (Illinois) to the greatest (Arkansas).

Individual states vary from two to eight million ha in total forest area. Viewing 
the distribution of forest area by age class on a percentage basis normalizes  
differences in total forest area (Fig. 6.2). The shapes of the forest age distribu-
tions for the ten states are remarkably similar. Maximum forest area by 10 year 
age classes ranges from 17% to 21% and consistently occurs in ages classes from 
50 to 80 years.

We grouped states with similarly shaped age class distributions for forests less 
than 30 years of age (i.e., similar left tails of the age class distribution) (Fig. 6.2). 
Arkansas, Tennessee, and Ohio have greater area in the 0–10 year age class than in 
the 11–20-year age class (Fig. 6.2a). That pattern is less pronounced for Kentucky, 
Indiana, Illinois, and West Virginia (Fig. 6.2c). For Michigan and Missouri the pro-
portion of forest area increases with increasing age through at least age 50 (Fig. 6.2c), 
and Pennsylvania forests have a similar trend.

These age class distributions are the cumulative effect of past forest disturbances. 
Stand-initiating disturbances (Oliver and Larson 1990; Johnson et al. 2009) are 
those that remove enough of the existing forest overstory to regenerate a new stand 
and reset the age of the dominant forest cover to zero. Based on the age-class distri-
butions (Fig. 6.2), stand-initiating disturbances in this region were common 
50–80 years ago, affecting at least 15–20% of the area per decade. In the past two 
decades, stand-initiating disturbances affected 3–10% of the forest area per decade 
with considerable variation among states.
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6.3.2  Forest Age Classes by Forest Cover Type

Forest cover types are based on species composition of the dominant tree cover 
(Helms 1998; Eyre 1980). The forest cover type—sometimes referred to simply as 
the cover type or the forest type—is determined by the group of associated species 
with a plurality of the stand stocking or basal area. We used FIA naming conven-
tions to summarize forest area by eight forest type groups (Table 6.1) that consoli-
date rare forest types with more common ones. These groups are the focus of the 
region-wide analyses reported in this section. We omitted nine additional groups 
that occur within the study region but make up 1% or less of the total forest area.

The age distributions for most forest type groups in the Central Hardwood Region 
(Fig. 6.3) have unimodal shapes similar to those observed for state-wide summaries 
across all groups (Fig. 6.2). The notable exception is the loblolly-shortleaf pine 
(Pinus taeda-P. echinata) group, which has decreasing forest area with increasing 
forest age. Within the Central Hardwood Region this group is concentrated in 
Arkansas, where half the area is in plantations and half is in natural stands. The 
planted loblolly-shortleaf stands are predominantly less than 30 years old, and the 
natural stands are predominantly greater than 30 years old. For this forest type group 
intensive management in the last three decades has been highly influential in shaping 
the age class distribution through extensive establishment of forest plantations.

Fig. 6.1 Forest area by 10-year age classes for ten states in the Central Hardwood Region. 
Individual states are shown as stacked colored areas and the total area is represented by the top of 
the distribution States are ordered from the least (Illinois) to the most (Arkansas) total area in the 
youngest age class (0–10-years old)
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In naturally regenerated forests the forest type groups and forest age classes are 
interrelated in two important ways. First, some groups are dominated by early suc-
cessional tree species that are generally favored by a stand-initiating disturbance. 
Aspens (Populus tremuloides; P. grandidentata) and birches are relatively short-lived 
pioneer species that tend to increase in abundance on heavily disturbed sites within 
their range. As aspen-birch forests age, late successional species such as white spruce 
(Picea glauca), balsam fir (Abies balsamea), or sugar maple (A. saccharum) often 
increase in dominance. In the absence of disturbance those species can subsequently 
dominate the forest cover. Consequently, forests in the aspen-birch forest type group 
tend to be young relative to those in the maple-beech-birch or spruce-fir forest type 
groups. Figure 6.3b illustrates this forest-type-group by age progression from early 
successional aspen-birch and elm-ash-cottonwood (Ulmus-Fraxinus-Populus) groups 
with relatively short-lived species to the late successional oak-hickory and maple-
beech groups with relatively long-lived species. Second, the silvicultural systems 
typically associated with a forest cover type affect the age structure. Intensive plantation 
management contributes to the abundance of young loblolly-shortleaf forest area. 

Fig. 6.2 Percent forest area by 10-year age classes for states in the Central Hardwood Region. 
Panels (a), (b), and (c) display groups of states that are similar in the shape of their age class dis-
tributions for forest less than 30 years old
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Short-rotation, even-aged silviculture with clearcutting is commonly used to regenerate 
aspen-birch forests. Thus, they tend to be relatively young compared to oak-hickory 
and maple-beech forests that are typically managed on longer rotations with crop tree 
management and harvest by individual-tree selection.

6.3.3  Forest Age Classes Over Time

The shape of an age class distribution (Figs. 6.1–6.3) reflects the accumulated history 
of past patterns of stand initiating disturbances for that population. For example, 
forests currently in the 60-year age class (young sawtimber) underwent a stand 
initiating disturbance 60 years ago and have not had a subsequent stand initiating 
disturbance since.

Fig. 6.3 Percent of total forest area by 10-year age class and forest type group for ten states in the 
Central Hardwood Region. Panel (a) displays the two forest type groups with the greatest relative 
area in the 0–10-year age class. Panel (b) illustrates increasing mean and peak forest age class for 
five hardwood forest type groups. Panel (c) shows age distributions for the remaining two conifer 
forest type groups. The composite age distribution for all forest type groups is identical to 
Fig. 6.2(d)
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For some individual states it is possible to combine periodic forest inventories 
over a nearly 60 year period to directly observe changes over time in forest age-class 
distributions. Indiana lies in the center of the study region and is typical among 
states that have low abundance of early successional forests (Fig. 6.2). Statewide 
forest inventories for Indiana were conducted in 1950, 1969, 1986, 1998, 2003, and 
2008 (USDA Forest Service 1953; Spencer 1969; Miles 2010). Early forest inven-
tories reported values for timberland rather than forestland, so for consistency we 
also summarized area of timberland. Timberland excludes forested parks, wilder-
ness areas, and other locations where timber harvest is restricted by policy or legis-
lation. It also excludes areas that are so unproductive or physically inaccessible that 
commercial harvest operations are impractical. For Indiana statewide summaries 
this distinction is of little practical significance because 98% of all forest land in the 
state is classified as timberland. Between 1950 and 2008, total timberland area in 
Indiana increased from 1.6 to 1.9 million ha, largely due to natural forest regenera-
tion on land that was previously used for agriculture. More than 95% of the state’s 
timberland is in hardwood forest types. Inventories prior to 1998 recorded stand size 
class rather than age class. To maintain continuity across all inventory years we 
summarized Indiana forest area by three size classes:

Seedling/sapling —stands with more than half the stocking in trees between 3 •	
and 13 cm diameter at breast height (dbh). These stands are typically less than 
30 years of age.
Poletimber—stands with more than half the stocking in the combined poletimber •	
(13–28 cm dbh) and sawtimber (>28 cm dbh) size classes with poletimber stocking 
exceeding sawtimber stocking. These stands are typically 30–60 years of age.
Sawtimber—stands with more than half the stocking in the combined poletimber •	
and sawtimber size classes with sawtimber stocking equal to or greater than 
poletimber stocking. These stands are typically at least 60 years old.

The time series from 1950 to 2008 reveals a steady increase in forest in the saw-
timber size class (Fig. 6.4). The proportion of young forest represented by the seedling-
sapling size class peaked at 24% in 1967, declined to 6% by 1998, and gradually 
increased to the current level of 8%. The poletimber size class varied in proportion 
over time as ageing forests in the seedling-sapling size class moved into the poletimber 
size class and aging forests in the poletimber size class moved into the sawtimber 
size class.

Abundance of several wildlife species in Indiana that are dependent on early 
successional habitats have declined precipitously and show a general correspon-
dence with the decline of seedling-sapling forest from its peak in 1967 (Fig. 6.5). 
Prairie Warblers (Dendroica discolor) have steadily declined since monitoring 
by the North American Breeding Bird Survey began in 1966 (Sauer et al. 2008); 
American Woodcock (Scolopax minor) since monitoring by the Singing-ground 
Survey began in 1968 (Cooper and Parker 2010), and Ruffed Grouse (Bonasa 
umbellus) since monitoring by drumming routes began in 1979 (Backs 2010). The 
less than perfect correspondence among these curves could reflect that all are esti-
mates and that habitat is not the sole determinant of bird abundance (also see 
Franzreb et al., Chap. 9).
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Fig. 6.4 Timberland area by stand size class and inventory year, Indiana. Forests in the seedling-
sapling size class are stocked predominantly with trees less than 13 cm dbh. Forests in the poletim-
ber size class are stocked predominantly with trees at least 13 cm and less than 28 cm dbh. Forests 
in the sawtimber size class are stocked predominantly with trees 28 cm dbh and larger

Fig. 6.5 Trends in Prairie Warbler, American Woodcock, and Ruffed Grouse from roadside 
 surveys in Indiana and area of young forest (seedling-sapling class, Fig. 6.4)
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6.3.4  Scenario Analyses

Early successional forest habitats are created by disturbances that regenerate a new 
forest stand, or they develop from open land that is allowed to succeed to forest 
cover. A given tract of early successional forest is transient; generally it will grow 
into mid-successional habitat within 20 years (see Greenberg et al., Chap. 1). Thus, 
sustaining early successional habitats on a forest landscape requires periodic distur-
bances that regenerate new forest stands and thereby recreate young forest habitats; 
these events can be forest management activities (e.g. tree harvest, prescribed fire) 
or natural events (e.g. wind, wild fire) (White et al., Chap. 3). Sustaining polesize 
forest habitats (e.g., 30–60-year-old forests in the stem exclusion stage of stand 
development) depends on a steady supply of seedling-sapling habitats that over time 
becomes polesize forest habitats. Likewise, older forest in the sawtimber size class 
requires a progression over time from undisturbed younger habitats. In stark con-
trast to old forest habitats, which require more than a century with minimal distur-
bance to develop, silvicultural treatments can quickly create young forest habitats 
via timber harvesting (see Loftis et al., Chap. 5), often with income from an associ-
ated timber sale.

Scenario analyses provide one way to examine rates of disturbances necessary to 
continuously replenish young forest habitats without depleting late successional 
forest habitats. Scenario outcomes can be compared with actual recent rates of stand 
initiation that are reflected in the current area of forest in the 0–20-year age class. 
Such comparisons can be used to estimate how much additional young forests 
should be created (or avoided) in order to sustain a stable total area of young forest 
over time.

The forest age class distributions (Figs. 6.1–6.3) reveal that both young forest 
habitats and old forest habitats are in short supply. Therefore, we constrained the 
scenarios to maintain a fixed proportion of the total forest area in age classes older 
than 120 years while balancing younger age classes to also sustain a constant pro-
portion of forest habitats less than or equal to 10 years of age. Specific assumptions 
are as follows:

 1. Dedicate 15% of total forest area to become old forest habitats (>120 years old, 
on average, but potentially varying by forest type, geographic location, and 
other factors).

 2. Manage to evenly distribute the remaining forest area (85% within age classes less 
than 120 years) to (a) periodically replenish young forest habitats 10 years old or 
younger, (b) provide a uniform distribution of habitat in age classes 10–120 years, 
(c) maintain a pool of mature forest to serve as a replacement for old forest when it 
is lost to natural disturbances, and (d) increase forest habitat diversity (i.e., coarse 
scale age and structural diversity) compared to current forest conditions.

 3. The current proportion of forest area 20 years of age or younger is a reasonable 
indicator of recent rates of early successional habitat creation by natural and 
anthropogenic disturbances over the past two decades.
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 4. The difference between (a) current rates of forest regeneration (assumption 3) 
and (b) equilibrium rates of forest regeneration derived from assumptions 1 and 
2 is (c) the additional quantity of early successional habitats that should be cre-
ated (or avoided) to move toward balanced forest age classes with a steady sup-
ply of young forest habitats over time.

The first two assumptions dictate that 15% of forest area is devoted to old forest 
habitats (older than 120 years) protected from harvest, and the remaining 85% of 
forest area is split evenly among twelve 10-year age classes from 0 to 120 years of age. 
Thus, keeping 7.1% of the forest area in young forest (up to 10 years old) and even-
tually in every 10-year age class up to 120 years would move the forest age distribution 
toward an equilibrium with greater age class diversity than currently exists.

Expressed more generally

 eq minY (1 R)/(0.1A )= -  (6.1)

Where

Y
eq

 = the equilibrium proportion of total forest area to be maintained in each 10-year 
age class for the scenario. This is also the target proportion of young forests 
(i.e., forests less than or equal to 10 years old).

R  = proportion of total forest area set aside in old forests or other protected forest 
areas that are excluded from management for early successional habitats.

A
min

 = minimum age for old forests in years

An alternate scenario with 20% old forests or other reserves and a 100 year mini-
mum age for old forests results in a decadal target of 8% of forest area in young 
forest habitats. Similarly, assumptions of 30% old forests and other reserves with a 
150 year minimum age for old forests indicate an equilibrium of 4.7% in young forest 
habitats per decade.

Comparison of the current proportion of young forest habitats for a given state or 
region to the target proportion indicated by a particular scenario indicates the deficit 
(or excess) of early successional habitats relative to that norm (Table 6.2). For the 
initial scenario with 15% of the forest area retained in old forest reserves and 
120 years as the minimum age for old forests, roughly 3.6 million ha of young forests 
(up to 10 years old) should be established across the region each decade to maintain 
steady replenishment of young forest habitats. By extension, this assumes that 
roughly 3.6 million ha of forests will be maintained in each age class up through age 
120 years. For this scenario the target by state for young forest area ranges from a 
low of 136,000 ha per decade in Indiana to a high of 568,000 ha per decade in 
Michigan (Table 6.2, column [f]). The difference by state between the target and 
current observed area of young forest habitats (0–10-year age class) ranges from a 
deficit of roughly 230,000 ha for Missouri, Pennsylvania and West Virginia to a 
surplus of about 250,000 ha for Arkansas (Table 6.2, column [h]). Area of young 
forests for Tennessee is currently very close to the target for this scenario.
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On an absolute scale most states have large deficits in area of early succes-
sional forests relative to this scenario (Table 6.2) and, in fact, relative to any sem-
blance of a balanced age class distribution (Figs. 6.1–6.3). However, when the 
deficits in early successional forest habitats are spread out across a state on an 
annual basis, they appear more manageable. For example, on a per county basis 
for an average county the total area of additional early successional habitats 
needed is about 100–400 ha annually (Table 6.2, column [j]). That quantity of 
early successional habitats can be achieved by the equivalent of a few to few 
dozen timber harvests per county each year. Obviously, in a practical implementa-
tion of this scenario, the total area of young forest habitats would be greater in 
areas with greater total forest cover. Nevertheless, the average proportion of forest 
area regenerated to young forest habitats in a given region for a given year would 
be about 0.007.

6.4  Landscape-Level Effects of Management and Disturbance

We used a landscape simulation model to demonstrate the landscape-scale cumula-
tive effects of forest management and disturbances on forest age class distributions. 
We present results from simulations applied to a 71,142 ha portion of the Mark 
Twain National Forest, Missouri, in the Western Dry Subregion of the Central 
Hardwood Region (McNab, Chap. 2). Shifley et al. (2006) previously reported 
results for these simulations including species composition by forest size classes 
and dominant species group across the landscape. Here we present age-class distri-
butions to illustrate the cumulative effects of alternative choices among silvicultural 
methods and management practices that can be used to used to create young forest 
habitat. We paid particular attention to the effects on patch size distributions for 
young forest age classes because for some species of conservation concern the size 
and spatial arrangement of young forest patches is as important as the total area of 
young forests.

We applied LANDIS version 3.6 (He and Mladenoff 1999; Mladenoff and He 
1999; He et al. 2005) to simulate forest vegetation response to disturbance by tim-
ber harvest, wind, and fire. Details of our parameterization of LANDIS are pro-
vided in Shifley et al. (2006). Simulations were conducted for five management 
scenarios: uneven-aged management with group selection harvest affecting 5% 
and 10% of the landscape per decade, even-aged management with clearcut harvest 
affecting 5% and 10% of the landscape per decade, and no harvest. All scenarios 
included natural disturbance by wildfire (based on a 300-year mean wildfire return 
interval) and wind (based on an 800-year mean blowdown return interval) (Shifley 
et al. 2006). We reported results for year 200 of the scenarios because by that point 
in the simulation the age distributions and associated spatial patterns had equili-
brated with respect to the assumptions of the scenario. We also reported the pro-
portion of forest in 10-year age classes and the patch size distribution for forest 
0–20 years old.
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Fig. 6.6 Forest age class distributions following 200 years of simulated management and natural 
disturbance on a portion of the Mark Twain National Forest in the Missouri Ozarks. Age classes 
were summarized for each 0.01 ha site across the 71,142 ha modeled landscape. Scenarios repre-
sent no tree harvest and even-aged management (EAM) or uneven-aged management (UAM) that 
harvests 5% or 10% of the landscape per decade

The age class distributions resulting from our landscape simulation scenarios 
(Fig. 6.6) were much flatter than the current age class distributions observed by state 
and forest cover type (Figs. 6.1–6.3) because the scenarios implemented a consis-
tent disturbance and management regime applied over a period of 200 years. This 
simulated pattern of future disturbance is very different than the actual history of 
timber harvest in the region over the last 200 years which was punctuated by wide-
spread exploitive timber harvesting in the late 1800s and early 1900s.

Not surprisingly, 10% harvest per decade produces more young forest than 5% 
harvest per decade or no harvest (Fig. 6.6). Perhaps more unexpected is the similarity 
in age class distributions for no harvest and 5% even-aged or uneven-aged manage-
ment. Two factors contribute to this similarity. First, the wildfire and wind distur-
bances modeled in the scenario affect, on average, 4.6% of the landscape per decade. 
Modeled wind and wildfire events in the scenarios do not always result in total loss 
of overstory with a stand initiating event, but over many decades the simulated wind 
and fire events forecast the creation of young forest habitats (see Spetich et al., 
Chap. 4; White et al., Chap. 3). The same is true in reality and such inevitable natu-
ral disturbances should be figured into management programs intended to maintain 
a specific proportion of the landscape in young forest habitats. Second, the initial 
conditions for the modeled scenarios are based on the observed forest age structure 
in the year 2000. Thus, the initial age distribution is similar to that for Missouri as 
shown in Fig. 6.2c. Over the 200 years of the modeled scenarios, tree species on 
some sites were predicted to suffer age dependent mortality when their typical 
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 species longevity was exceeded. In certain situations this modeled natural mortality 
can result in initiation of a new, young forest stand.

Age-class distributions, however, do not indicate anything about spatial distribu-
tion of forests within estimation units, e.g., states. The simulated management 
regimes produce different patch-size distributions of young forests (Loftis et al., 
Chap. 5); these are evident when graphed (Fig. 6.7) or mapped (Fig. 6.8). Both the 
amount and spatial pattern of young forests affect habitat quality for early succes-
sional species such as the Prairie Warbler (Fig. 6.9). Higher intensity of harvest 
results in more young forests and generally results in higher overall levels of habitat 
suitability for this species. However, Prairie Warblers avoid small patches of young 
forests and favor large patches. Consequently, even-aged management with clearcut-
ting results in larger patch sizes, providing substantially better Prairie Warbler habi-
tat than a comparable total area of young forest distributed among many small 
patches as in the uneven-aged management regime with group selection harvesting. 
By contrast, the Hooded Warbler (Wilsonia citrina) inhabits older forests but uses 
small gaps in the forest; its habitat suitability is greater under uneven-aged manage-
ment with group selection harvests that create small regeneration openings in the 
forest canopy. Estimated habitat suitability for the mature forest-associated  Ovenbird 
(Seiurus aurocapillus) is largely unaffected by patch size. Similar habitat relation-
ships exist for tree species that are characterized by their dependence on disturbance 
(Johnson et al. 2009).

Fig. 6.7 Patch-size distribution for seedling-sapling size forest resulting from 200 years of 
simulated management and natural disturbance on a 71,142 ha portion of the Mark Twain 
National Forest in the Missouri Ozarks. Scenarios represent no tree harvest and even-aged 
management (EAM) or uneven-aged management (UAM) that harvests 5% or 10% of the land-
scape per decade
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Fig. 6.9 Mean habitat suitability and maps of habitat suitability for three bird species from 
200 years of simulated management and natural disturbance on a 2,835 ha portion of the Mark 
Twain National Forest in the Missouri Ozarks. Scenarios represent no tree harvest and even-aged 
management (EAM) or uneven-aged management (UAM) or an even mix of EAM and UAM 
(Mixed) that harvested 10% of the landscape per decade (adapted from Shifley et al. 2006)

Fig. 6.8 Maps of forest patches by tree size class for landscapes resulting from 200 years of 
simulated management and natural disturbance on a 2,835 ha portion of the Mark Twain National 
Forest in the Missouri Ozarks. Scenarios represent no tree harvest and even-aged management 
(EAM) or uneven-aged management (UAM) that harvests 5% or 10% of the landscape per decade. 
The seedling size class includes forest up to 10 years old, sapling 11–30 years old, pole, 31–59 years 
old, and sawlog ³60 years old (adapted from Shifley et al. 2006)
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6.5  Discussion and Conclusions

Summaries of forest age class distributions in the Central Hardwood Region reveal 
a paucity of young forests for most states and most forest types. More than half of 
the 51 million ha of forest area in the region is between 40 and 80 years of age. Only 
25% of forest area is in stands between 0 and 40 years of age, and young forests up 
to 10 years of age constitute only 5.5% of the forest area. Nevertheless there is con-
siderable variation in the proportion of young forests among states and forest types. 
Five states (Illinois, Indiana, Missouri, Pennsylvania, and West Virginia) have less 
than 4% of forest area in young forests while Arkansas has more than 10%. 
Consequently, any efforts to increase young forests will likely vary among states in 
magnitude and urgency.

No doubt managers will differ in opinions about how much young forest is desir-
able or necessary. However, it is relatively easy to examine scenarios with differing 
levels of old forest reserves and differing harvest rotation ages to explore alterna-
tives for maintaining young forests. One scenario on which we focused suggested 
maintaining about 7% of total forest area as young forests in the 0–10 year age 
class. Under that scenario there is currently a region-wide young forest deficit of 
one million ha (Table 6.2). However that presumed deficit is unequally distributed 
among states and forest types.

The changes in management practices necessary to address a region-wide one 
million ha deficit of young forest can appear overwhelming in aggregate. However, 
when recast as the potential affected area per year distributed across all counties 
within a given state, the effort required to maintain young forest is less daunting. 
Given recent rates of forest disturbance and associated creation of young forests, 
management activities that created additional young forests in the amount of 200 ha 
per county per year would be sufficient, on average, to increase the region-wide 
proportion of these early successional habitats to more than 7% of total forest area. 
A potentially larger problem is continuing to periodically monitor the need for addi-
tional young forest habitats by region, state, and forest type, and annually creating 
additional young forest habitats where they are in deficit. Ultimately uncertainties 
about where, in what patch sizes, and in what forest types to create additional young 
forest habitats to maximize benefits to wildlife will present greater complexities 
than understanding how much total additional habitat is needed or the logistics of 
how to create it at a selected site.

Success or failure in sustaining young forests can be determined by the success or 
failure of wildlife species that depend upon these forests, although we acknowledge 
that factors other than habitat abundance also may be limiting some wildlife popula-
tions. Sustaining species that depend on young forests requires managers be cogni-
zant of more than just the amount of young forests. We demonstrated through 
simulation modeling that different management practices and natural disturbance 
regimes create different landscape patterns of tree or stand size classes. Through 
simulation, management practices can be identified that provide beneficial patch and 
landscape characteristics for a particular target species. The reality is, however, that 
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even among a small group of focal species habitat and landscape requirements will 
likely be varied enough that a diversity of practices will best meet the needs of all 
species. Desired distributions for patch size or landscape composition can be devel-
oped based on historic range of variation concepts (Landres et al. 1999), or at the 
coarser scale by simply ensuring that a diversity of management practices are used 
within and among landscapes.

Young forests are transient. Without repeated disturbance they are gone 10–20 
years after they are created. Fortunately, it is easy to create additional young forests 
through timber harvest, often with the added economic benefit of a timber sale. 
Emerging markets for woody biomass may provide new opportunities for creating 
young forest habitats. Wildfire, weather events, and even insect or disease outbreaks 
also contribute to the replenishment of young forest habitats. Older forest habitats 
cannot be recreated as quickly. Consequently, an underlying assumption in our sce-
narios analyses is that an even distribution of forest area by age class (up to some 
specified threshold for “old” forests) is desirable. Strictly speaking, increasing the 
proportion of young forest area (0–10-years old) does not require that attention be 
given to the distribution of forest area among older age classes; young forest habi-
tats can be recreated from forest of any age or condition. However, the broader 
underlying intent is to increase or sustain forest biodiversity, and young forest is 
only one component of a diverse forest age structure. Old forests and middle-aged 
forests can only be replenished over time via the aging of younger forests. Thus, 
forest landscapes characterized by non-uniform age class distributions (e.g., nega-
tive exponential, bimodal, irregular) present no problems for managers wishing to 
create additional young forest habitats, but over time perpetuation of non-uniform 
age class distributions will result in gaps in the quantity of older forest habitats.

The current age class distribution in the Central Hardwood Region is a product of 
the region’s disturbance history. Exploitive timber harvesting that moved east to west 
was followed by woods burning, livestock grazing, and farming marginally produc-
tive lands. Much of the current abundance of forests in the 40–80-year age classes 
is the result of forest regeneration following abandonment of those practices. The 
region’s current forest age structure is the cumulative effect of many decades of forest 
growth and disturbance. Increasing the area of young forests can be accomplished 
very quickly if forest owners and managers are motivated to do so. However altering 
the current forest age structure—which took many decades to create—to provide a 
more uniform distribution of forest area across all forest age classes would take many 
decades of purposeful management and monitoring to accomplish.

Forest ownership patterns in the Central Hardwood Region may prove to be a 
significant barrier to systematically increasing the area of young forest or to develop-
ing a more uniform distribution of forest area by age class (Wear and Huggett, Chap. 
16). In the study area 31 million ha or 61% of the forest area is in family forests dis-
tributed among 3.5 million private owners. The mean ownership size is small and 
many owners likely will perceive creation of early successional habitats on their 
tracts to be at odds with their ownership goals which are weighted toward aesthetics, 
recreation, and protection. The most efficient options for creating young forest habi-
tats on family woodlands may be in working with the 5% of family woodland owners 
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with forest tracts at least 40 ha in size, because collectively they own 40% of all family 
forest area in the region (USDA Forest Service 2010).

The coarse filter approach we employed to examine forest age class structure, 
quantity of young forests, and temporal dynamics of young forests is simplistic but 
efficient for addressing large geographic extents over long timeframes. We assumed 
that all forest habitats can be categorized by age class and that there is a link between 
forest age and habitat characteristics. That may be realistic for young forest habitats 
10 years old or younger, but for partially disturbed forests, woodlands, or savannahs 
the connection between forest age and habitat structure is more tenuous. Those limi-
tations notwithstanding, the coarse filter analyses indicate the magnitude of the 
young forest resource, its spatial and temporal distributions, and the scope and com-
plexity of some remedies where the amount of young forest habitats is considered to 
be deficient. The general approach can be used to help set and monitor regional goals 
for providing young forest habitats. It serves as a starting point for efforts to increase 
young forest habitats which, during implementation, must also address the more 
complex issues of where, when, and in what patch sizes to increase young forest 
habitats for the greatest benefit of different wildlife species that depend on them.
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