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This edited volume addresses the rising concern among natural resource professionals 
that plants and animals associated with early successional habitats are declining in 
the Central Hardwood Region to undesirably low levels. The idea for this book was 
partially in response to a request by the USDA Forest Service’s Southern Region, to 
the USDA Forest Service’s Southern Research Station and partners, to identify top 
research synthesis needs, and to identify ecosystem restoration priorities for National 
Forests in the Southern Appalachians. Early successional habitat was identified as 
one of three top research synthesis needs. A full-day symposium, organized by the 
editors, at the 2010 Association of Southeastern Biologists conference in Asheville, 
North Carolina was the basis for this book. Our goal was to present original scien-
tific research and knowledge syntheses covering multiple topics associated with 
early successional habitats. We strived for each chapter to include state-of-the-art, 
research-based knowledge and expert opinion, but also to identify research needs 
and discuss management implications for sustainable management in a landscape 
context.

Chapters were written by respected experts that include ecologists, conservation-
ists, and land managers. The chapters provide current, organized, readily accessible 
information for scientists, the conservation community, land managers, students 
and educators, and others interested in the “why, what, where, and how” of early 
successional habitats and associated wildlife. Chapters cover concepts, manage-
ment, plants and animals, ecosystem processes, and the future of early successional 
habitats. We provide a working definition of early successional habitats; examine 
where and why they occur over the landscape; and explore concepts related to their 
importance and sustainability. We examine the roles of natural disturbances, silvi-
culture, and fire in creating and maintaining early succession habitats. We explore 
effects of these habitats on ecosystem processes and wildlife, and their role in pro-
ducing forest food resources. We also explore management tools for early succes-
sional habitat, including use of novel places such as utility rights of way, and 
strategies for identifying priority species and implementing desired future condi-
tions. The final chapter looks to the future, to project changes in forest age class 
diversity in relation to scenarios of land ownership, economics, demographics, and 
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climate change. We attempted to provide a balanced view of past, current, and future 
scenarios on the extent and quality of early successional habitats within the Central 
Hardwood Region, and implications for ecosystem services and disturbance-
dependant plants and animals.

We sincerely thank all those who encouraged and aided in the development of 
this book. Each chapter was peer reviewed by at least two outside experts and all 
co-editors, and we thank these colleagues for their useful suggestions: David 
Buehler, Josh Campbell, Dan Dey, Todd Fearer, Mark Ford, Jennifer Franklin, 
Charles Goebel, Margaret Griep, MaeLee Hafer, Chuck Hunter, Todd Hutchinson, 
Mike Jenkins, Jennifer Knoepp, Darren Miller, Mark Nelson, Chris Peterson, Jim 
Runkle, Ge Sun, Mike Ryan, Sarah Schweitzer, Ray Semlitsch, Bill Stiver, Bentley 
Wigley, and Mariko Yamasaki. We also thank the Association of Southeastern 
Biologists for allowing us to host a conference symposium on this important topic. 
We especially thank each author for contributing, and for timely chapter revisions, 
making this book possible.
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Abstract  There is a rising concern among natural resource scientists and managers 
about decline of the many plant and animal species associated with early successional 
habitats. There is no concise definition of early successional habitats. However, all 
have a well developed ground cover or shrub and young tree component, lack a 
closed, mature tree canopy, and are created or maintained by intense or recurring 
disturbances. Most ecologists and environmentalists agree that disturbances and 
early successional habitats are important to maintain the diverse flora and fauna 
native to deciduous eastern forests. Indeed, many species, including several listed as 
endangered, threatened, sensitive, or of management concern, require the openness 
and thick cover that early successional habitats can provide. Management of early 
successional habitats can be based on the “historic natural range of variation”, or 
can involve active forest management based on goals. In this book, expert scientists 
and experienced land managers synthesize knowledge and original scientific work 
to address critical questions on many topics related to early successional habitats in 
the Central Hardwood Region. Our aim is to collate information about early succes-
sional habitats, to aid researchers and resource management professionals in their 
quest to sustain wildlife and plant species that depend on or utilize these habitats.
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1.1 � Introduction

There is a rising concern among natural resource scientists and managers about 
decline of the many plant and animal species associated with early successional habi-
tats, especially within the Central Hardwood Region (Litvaitis 1993, 2001; Thompson 
and DeGraaf 2001). Open sites with grass, herbaceous, shrub, or incomplete young 
forest cover are disappearing as abandoned farmland and pastures return to forest and 
recently harvested or disturbed forests re-grow (Trani et al. 2001). There are many 
questions about “why, what, where, and how” to manage for early successional habi-
tats. Tradeoffs among ecological services such as carbon sequestration, hydrologic 
processes, forest products, and biotic diversity between young, early successional 
habitats and mature forest are not fully understood. Personal values and attitudes 
regarding forest management for conservation purposes versus preservation, or “let-
ting nature take its course,” complicate finding common ground regarding if and how 
to create or sustain early successional habitats.

In this book, expert scientists and experienced land managers synthesize 
knowledge and original scientific work to address critical questions sparked by the 
decline of early successional habitats. We focus primarily on habitats created by 
natural disturbances or management of upland hardwood forests of the Central 
Hardwood Region in order to provide in depth discussion on multiple topics related 
to early successional habitats, and how they can be sustainably created and managed 
in a landscape context.

1.2 � Geographic Scope: The Central Hardwood Region

Broadleaved trees form the predominant forest cover type in parts of ten eastern 
states which Braun (1950) included in the Central Hardwood Region (Fig. 1.1). The 
boundaries of the region also are similar to ecoregions mapped by Bailey (1994) and 
bird conservation regions delineated by the US North American Bird Conservation 
Initiative (on the Breeding Bird Survey website (www.mbr-pwrc.usgs.gov/bbs/)). 
The canopy of mature upland forests is dominated by varying proportions of six 
broadleaf deciduous taxa. Oak (Quercus) and hickory (Carya), each represented by 
several species, are present in most stands. Yellow-poplar (Liriodendron) increases 
in importance east of the Mississippi River and usually dominates the canopy of 
moist sites in the Southern Appalachian Mountains, and maple (Acer spp.), beech 
(Fagus grandifolia), and birch (Betula spp.) occupy much of the canopy of forests 
in the northern and eastern parts of the region, particularly on the Allegheny Plateau. 
About 45% of the 130  million acres of forest land in this region is occupied by 
hardwood-dominated stands; mixtures of hardwoods and conifers account for an 
additional 5% (Smith et al. 2004). Conifers, primarily pine (Pinus), are minor com-
ponents of many low-elevation stands on dry sites. The humid, continental climate 
of the region produces soil moisture regimes that are adequate for plant growth dur-
ing much of the warm season, although minor water deficits can develop in late 
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summer. This characteristic climate (i.e., low soil moisture deficits and moderate 
levels of evapotranspiration) may be why forests of deciduous hardwoods dominate 
the Central Hardwood Region (Stephenson 1990). Detailed descriptions of forest 
composition and disturbance regimes characteristic of Central Hardwood Region 
subregions are provided in Chap. 2 (McNab).

1.3 � What Are Early Successional Habitats?

Like most things ecological, there is no concise definition of early successional 
habitats. Early ecological studies and adoption of the term “succession” were 
based in part on secondary succession of abandoned farm fields (i.e., “oldfield 
succession”). In the southeastern USA, oldfields are first colonized by “pioneer-
ing” grasses and forbs, then gradually by pines or hardwoods, until closed forest 
develops (Clements 1916; Keever 1950, 1983; Odum 1960). Over time, the term 
“early successional” has taken on a broader meaning, to include recently dis-
turbed forests with absent- or open-canopy and, often, transient, disturbance-
adapted or pioneer species (many of them also found in old fields). Unlike 
oldfields, these recently disturbed forests generally do not undergo major shifts 
in woody species composition (Lorimer 2001). Similarly, we use the term “habi-
tat” in this volume, as it is commonly used and understood in recent wildlife 
literature, to denote “a set of specific environmental features that, for a terrestrial 

Fig.  1.1  Extent of the Central Hardwood Region in the eastern United States (dark shading). 
Transition to northern hardwoods occurs in the Lake States and to southern pines in the Appalachian 
Piedmont (light shading) (After Braun (1950))



4 C.H. Greenberg et al.

animal, is often equated to a plant community, vegetative association, or cover 
type” (Garshelis 2000; but see Hall et  al. 1997). We use ‘early successional 
habitats’ to refer to sets of plant communities, associations, or cover types for 
multiple wildlife species.

Vegetation structure in early successional habitats can range from scattered trees 
or snags to no canopy cover, or from an open, grass-forb understory to thickets of 
shrubs and vines (Plate 1.1). Abandoned farmlands, grassland, shrub-scrub, recently 
harvested forest, heavily wind-, fire-, or ice-damaged forests, and even ruderal habi-
tats such as roadsides, utility rights-of-way, and restored coalfields are all early 
successional habitats from this functional perspective (e.g., Thompson and DeGraaf 
2001). Plant composition and micro-physical structure differ considerably among 
these diverse early successional habitat types, and can be dominated by grasses, 
forbs, shrubs, seedlings, woody sprouts, or a patchy mix of herbaceous and develop-
ing woody cover. However, all have two structural attributes in common: they have 
a well developed ground cover or shrub and young tree component and they do not 
have a closed, mature tree canopy.

Recently disturbed, regenerating upland hardwood forests may not, strictly 
speaking, be “successional,” in terms of species turnover, but they do change 
greatly in structure over time. Many hardwood tree species resprout after damage 
or harvest, such that there may be little change in woody species composition 
between the progenitor forest, the young regenerating forest, or the mature forest 
decades later. In these common cases, longer-term changes are due to change in 
physical structure and potential shifts in the relative abundance of species, rather 
than species loss and establishment over time (Lorimer 2001). In some cases, non-
native species colonize following disturbance, further altering the original forest 
composition (Busing et al. 2009). In this volume, Loftis et al. (Chap. 5) discuss 
dynamical changes in structure and woody species composition, and Elliot et al. 
(Chap. 7) discuss herbaceous layer response to different silvicultural or natural 
disturbances and across moisture or fertility gradients associated with topography 
and physiographic regions or subregions.

Another characteristic of early successional habitats is that they are created by 
intense or recurring disturbances and are transient if not maintained by disturbance. 
Different types and intensities of natural disturbances (such as wind- or ice storms, 

Plate 1.1  Examples of different types of early successional plant communities. From left to right: 
recently abandoned farmland, reclaimed surface mine, scrub-shrub, and recently harvested forest
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wildfire, or outbreaks of pathogens) or forest management practices (such as two-
age harvests, clearcuts, group selections, or hot prescribed burns) can create early 
successional habitats ranging from homogeneous structure with no trees to highly 
heterogeneous structure with scattered standing trees, multiple windthrows, or 
standing boles with broken tops. The scale of early successional habitats can also 
range from canopy gaps to thousands of hectares (Plate 1.2).

Historical and current patterns of frequency, intensity, and scale of natural and 
anthropogenic disturbances that create early successional habitats vary across the 
Central Hardwood Region. For example, catastrophic hurricanes occur at 
85–380 year intervals in upland hardwood forests of the mid-Atlantic and southern 
New England (Lorimer and White 2003). The proportion of the landscape in young 
forest in this region might have varied from 40% to 50% after a severe hurricane to 
<3% as the forest matured (Lorimer and White 2003). In contrast, further inland 
where the likelihood of catastrophic wind damage is small, the proportion of early 
successional habitats due to wind disturbance was likely low (1–3%) and main-
tained by canopy gaps from single-tree death (estimated at <1% annually) (Runkle 
1990) and infrequent windstorms (Lorimer and White 2003). Widespread, frequent 
burning was used by Native Americans and (later) by European settlers to maintain 
an open understory and improve conditions for travel and game or livestock for 
about 14,000  years, and decades of fire suppression has contributed to today’s 
decline of early successional habitats and a shifting forest composition (Lorimer 
1993; Brose et al. 2001). This variation in disturbances over time and across the 
landscape certainly created “nonequilibrium” or irregularity in the availability of 
early successional habitats, and populations of plants and animals that utilize them 
also likely waxed and waned in response to their availability.

In this volume, White et al. (Chap. 3) discuss how types, intensities and fre-
quencies of natural disturbance vary across the Central Hardwood Region, and 
implications of these disturbances for patterns and probabilities of early succes-
sional habitats being created or maintained. Spetich et  al. (Chap. 4) discuss the 
historic role of fire in creating and maintaining early successional habitats, and 
how fire suppression policies of recent decades have reduced their extent in the 
Central Hardwood Region.

Plate 1.2  Examples of variation in the structure of early successional habitats in the upland hard-
wood forest of the Central Hardwood Region. From left to right: an experimental gap in the first 
season following its creation; ice storm damage; hot prescribed burn
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1.4 � Why Are Early Successional Habitats Important?

Most ecologists and environmentalists agree that disturbances and early successional 
habitats are important to maintain the diverse flora and fauna native to deciduous 
forests of the Central Hardwood Region (Brawn et al. 2001). Patches of early succes-
sional habitat play a pivotal role in forest dynamics as foci for tree regeneration and 
maintaining disturbance-dependent plant species. Hunter et  al. (2001) recognized 
128 bird species associated with grasslands, shrub-scrub, savannah and open wood-
lands, or forest gaps in eastern North America. Indeed, many species, including sev-
eral listed as endangered, threatened, sensitive, or of management concern, require 
the openness of reduced or absent overstory, tall grasses, or thick shrub cover that 
early successional habitats can provide (Hunter et al. 2001; Litvaitis 2001; Thompson 
and Degraaf 2001).

Disturbances across the landscape and through time create habitat heterogeneity 
and affect the spatial and temporal availability of food resources in a forest matrix 
(Thompson and Willson 1978). Different disturbance types and intensities shape the 
size, structure, and distribution of early successional habitat patches, which may be 
key factors for maintaining populations of wildlife species that depend on them. 
Canopy gaps or small patches of recently disturbed, young forest may be sufficient 
for some species, whereas others require larger areas (Thompson and DeGraaf 
2001). Mobile species may be able to utilize a landscape of connected or recurring 
smaller patches, whereas species with limited dispersal ability may require larger or 
less ephemeral patches. Some disturbance-adapted bird species may require grass-
dominated early successional habitats (e.g., Field Sparrows (Spizella pusilla) or 
Grasshopper Sparrows (Ammodramus savannarum)), whereas others require brushy 
areas (e.g., Eastern Towhees (Pipilo erythrophthalmus)); open areas with the pres-
ence of nesting cavities (e.g., Eastern Bluebird (Sialia sialis)); or high elevation 
early successional habitats (e.g., Chestnut-sided Warblers (Dendroica pensylvanica) 
and Golden-winged Warblers (Vermivora chrysoptera)). Thus, defining high- or 
low-quality early succession habitat must be tempered by the species or suite of 
species that require specific structural conditions.

Breeding bird density and richness generally are higher in disturbed habitats, 
including treefall gaps (Blake and Hoppes 1986; Greenberg and Lanham 2001), 
intensively burned forest (Greenberg et al. 2007a), and recently harvested young 
forests, particularly if some tree canopy is retained (e.g., Annand and Thompson 
1997; Whitehead 2003). Many bat species use early successional habitats to forage 
for insects (e.g., Loeb and O’Keefe 2006). The density of many salamander species 
declines in recently disturbed early successional habitats (e.g., deMaynadier and 
Hunter 1995), but the abundance of some reptile species increases in response to the 
same conditions (e.g., Greenberg 2002). Indeed, many wildlife species forage 
opportunistically for insects and fruit in resource-rich young forest patches 
(Greenberg et al. 2007b).

In this volume Greenberg et al. (Chap. 8) discuss the ample availability of food 
resources, including native forest fruit, browse, and arthropod and small mammal prey 
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for wildlife in recently disturbed upland hardwood forest. Franzreb et al. (Chap. 9) 
examine the relationship between availability of early successional (small-diameter) 
forest and population trends of 11 focal bird species associated with “scrub-shrub” 
forest structure. Loeb and O’Keefe (Chap. 10) discuss how young forest patch 
size, shape, distribution, and connectivity, as well as vegetation structure, influence 
use by different bat species in relation to roost sites, mature forest, and water 
sources. Moorman et al. (Chap. 11) synthesize information to provide an overview 
of amphibian and reptile response to forest disturbance and the creation of early 
successional habitats. Lanham et al. (Chap. 12) present a case for considering 
utility rights-of-way and other “novel” places as an option for managing bird and 
butterfly species associated with early successional habitats.

As noted earlier, all early successional habitats are ephemeral. For example, 
young upland hardwood forest reaches the stem exclusion stage within 10 or 
15  years of harvest, when the density of young tree stems can exceed 20,000–
25,000 stems/ha, and canopy closure reduces light availability at the forest floor 
(Dessecker and McAuley 2001). Habitat suitability for different wildlife species 
changes with changing forest structure; for example, there is rapid turnover of 
songbird species during this period (Thompson and DeGraaf 2001). Decline of 
Ruffed Grouse (Bonasa umbellus) also is attributed to paucity of the stem exclu-
sion age class (6–15 years) in forests of the Central Hardwood Region (Dessecker 
and McAuley 2001); this age class declines with forest maturation and the absence 
of new disturbances. Disturbances are required to create early successional habi-
tats and to maintain a forest with a mosaic of age classes and a structural heteroge-
neity that increases plant and animal diversity at local, landscape, and regional 
scales (Askins 2001, Shifley and Thompson, Chap. 6).

Ecosystem processes and services provided by forests, such as carbon storage 
and water resources, are altered by creating early successional habitats. In this book, 
Vose and Ford (Chap. 14) examine post-disturbance changes in water quality and 
quantity, and recovery over time in relation to forest management practices, woody 
species composition, and climate. Keyser (Chap. 15) examines how creating early 
successional habitats and forest regrowth affect carbon storage and sequestration at 
stand and landscape levels.

1.5 � How Can Early Successional Habitats Be Sustained?

One approach to maintaining early successional habitats is to base forest management 
on the “historic natural range of variation” (Lorimer and White 2003). This requires 
us to determine a reference point or time period; understand both the natural range 
of variation and what is ‘unnatural’ (for example should pre-settlement clearing and 
burning by Native Americans be considered natural?); and be prepared to imple-
ment management actions toward the historical variation. For example, prescribed 
fire may be needed because wildfires are not allowed to burn the acreages they 
would have historically.
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Alternative strategies for creating and maintaining early successional habitats 
include a proactive approach. We could ‘look forward’ by identifying desired future 
conditions or goals, such as amounts and characteristics of early successional habitats 
needed to maintain viable populations of dependant plants and animals, and create 
them accordingly. Chapters in this volume explore management tools for determining 
how much early successional habitat is needed, and how and where to create and sus-
tain it on the landscape. Shifley and Thompson (Chap. 6), use long-term, landscape-
level Forest Inventory and Analysis data to simulate management scenarios designed 
to create a “shifting mosaic” of age classes and sustain a target proportion of the land-
scape in a young forest condition. Warburton et  al. (Chap. 13) focus on strategies 
being used to identify priority species and specific recovery goals, develop spatially 
explicit blueprints of desired future conditions, and implement them by creating early 
successional habitats to sustain target populations through regional initiatives, ven-
tures, cooperatives, and State Wildlife Action Plans. This book concludes with a chap-
ter using empirical forest forecasting models to project 50 year change in forest types 
and age distributions in relation to scenarios of land ownership, economics, demo-
graphics, and climate change (Wear and Huggett, Chap. 16).

1.6 � Conclusions

Overall, our aim in this book is to collate information about early successional 
habitats, to aid researchers and resource management professionals in their quest to 
sustain wildlife and plant species that depend on or utilize these habitats. We focus 
primarily on early successional habitats generated by natural or anthropogenic 
disturbance in upland hardwood forests, which are the predominant ecosystem in 
the Central Hardwood Region. This focus is in part because of the rising concern 
over the decline of plant and animal species associated with early successional habi-
tats in this region, and because large areas of upland hardwood forest are in public 
lands where, compared to privately owned lands, land management decisions can be 
influenced more easily by conservation concerns. Using information in this book, 
resource management professionals may elect to look to the past to guide manage-
ment by the natural range of variation in disturbance types and frequencies, and the 
area and conditions of early successional habitats they created. Or, they might look 
forward to create conditions based primarily on an objective to sustain biodiversity 
and species associated with early successional habitats through future decades.
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Abstract  Oaks and hickories characterize the Central Hardwood Region, with its 
temperate, humid climate and deep soils. Several xerophytic species characterize 
stands on xeric sites; mesic sites usually have greater diversity of oaks and hickories 
and include maple, ash, beech, and yellow-poplar. Ice and wind storms are common 
disturbances across the region; wildland fires ignited by lightning are uncommon 
and generally confined to small, stand-size areas. Variable environmental condi-
tions, topography, and forest species compositions from the eastern Appalachians to 
the western Ozarks can require different silvicultural prescriptions to create early 
successional habitats, even in stands of similar appearance.

2.1 � Introduction

Extensive temperate deciduous broadleaf forests are present in only three areas on earth: 
central Europe, eastern Asia, and the eastern USA (Rohrig and Ulrich 1991). These 
areas have a moderately humid, continental climate with ample summer rainfall and 
severe winters (Whittaker 1975). In the USA, deciduous forests dominated primarily by 
upland hardwoods (with minor amounts of coniferous species) occur mainly from lati-
tudes 35o to 40o, between grasslands on the west and forests with a higher proportion 
of conifers on the north and south (USDA Forest Service 1967). Historically referred 
to as the Central Hardwood Region, these forests are among the most compositionally 
and structurally complex vegetative assemblages in eastern North America (Braun 
1950; Barbour and Billings 2000). Embedded within this region are equally complex 
bottomland deciduous forests associated with some of the largest river systems in the 
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USA, including the Ohio, Wabash, Cumberland, and Tennessee Rivers (Braun 1950). 
The Central Hardwood Region covers over 40 million ha of the central USA.

Two general associations of canopy species are apparent in upland forests of the 
Central Hardwood Region: xerophytic associations of dry sites and mesophytic 
associations of moist sites. Stands on dry sites (ridges, upper and middle slopes) are 
characterized by a high proportion of oaks (Quercus) and hickories (Carya) in the 
canopy (Plate  2.1). On moist sites (coves and lower slopes), however, oaks and 

Plate  2.1  Oaks and hickories typically dominate the canopy of mature forests on middle and 
upper slopes in the Central Hardwood Region, such as this stand on the Cumberland Plateau, in 
Scott County, Tennessee (US Forest Service photo by F.E. Olmsted, 1901. Source: US Forest 
Service Photograph Collection, #P9801, D.H. Ramsey Special Collections, UNC-Asheville)
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hickories are less abundant and the canopy may be shared with red maple (Acer 
rubrum), white ash (Fraxinus pennsylvanicum), beech (Fagus grandifolia), sugar 
maple (A. saccharum) or occasionally dominated by few mesophytic species after 
severe disturbance (Plate 2.2) (Schnur 1937; Braun 1950). Although the region is 
dominated by upland hardwoods several species of conifers, such as red cedar 
(Juniperus virginiana) and Virginia pine (Pinus virginiana), may be present as 
minor components in stands on dry sites, particularly after disturbance. Many stands 
have three or more vertical strata: the overstory canopy, usually 24 m or more in 
height; a midstory of shade tolerant species; and a low shrub layer that usually 
includes advance regeneration of overstory species (Braun 1950). Abundance of 
advance regeneration and new seedlings depends strongly on the severity and tim-
ing of natural disturbances, which vary on a gradient of intensity from relatively 
frequent mortality of single canopy trees to infrequent catastrophic stand replacing 
events (White et al., Chap. 3). Considerable knowledge is available on the ecology, 
regeneration, and response of upland hardwood stands to silvicultural manipula-
tions (Barrett 1980; Hicks 1998; Loftis et al., Chap. 5).

In this chapter, I describe the extent of the Central Hardwood Region and com-
position of arborescent vegetation in relation to environmental gradients, and briefly 
review the major types of disturbance across the region. Although I use canopy tree 
composition and its association with soil moisture availability to subdivide the region, 
other authors have chosen to use equally appropriate methods of stratification, 

Plate 2.2  A 55-year old stand of almost pure yellow-poplar that regenerated on an old-field site in 
a mesic cove of the Southern Appalachian Mountains, in Union County of northeastern Georgia 
(US Forest Service photo by C.A. Abell, 1930. Source: US Forest Service Photograph Collection, 
#P9876, D.H. Ramsey Library Special Collections, UNC-Asheville)



14 W.H. McNab

such as ecoregions, as a basis of analysis for their chapters. This chapter provides 
an overview of the Central Hardwood Region that will supplement and link material 
presented throughout the book.

2.1.1 � Distribution of Upland Hardwood Forests

The Central Hardwood Region has been delineated with general agreement (Schnur 
1937; Braun 1950; USDA Forest Service 1967; Hicks 1998; Barbour and Billings 
2000; Fralish 2003) (Fig. 1.1). This region is bordered on the north by forests with 
fewer oaks and more northern hardwoods (e.g. beech, sugar maple) and conifers 
(e.g. eastern white pine [P. strobus], eastern hemlock [Tsuga canadensis]) that tran-
sition to the Northern Hardwood Region (Braun 1950). To the south, southern yel-
low pines such as loblolly (P. taeda) Virginia, and shortleaf (P. echinata) increase in 
importance and oaks decrease as forests transition to the Southern Pine Region in 
the Piedmont (Eyre 1980; USDA Forest Service 1967). Conifers or hardwood-coni-
fer mixtures may occur because of local conditions. For example, stands of red spruce 
(Picea rubens) occupy small areas of high mountain tops in West Virginia (>1,000 m) 
North Carolina (>1,400 m), where altitude presents environmental conditions similar 
to boreal conditions of southern Canada. As with other major forest regions in the 
eastern USA, (e.g. Southern Pine, Hemlock-Northern Hardwood) the Central 
Hardwood Region may be defined by its canopy composition of deciduous upland 
hardwoods (Braun 1950; Eyre 1980), and particularly by the predominant oak-hickory 
forest cover type (Barrett 1980; Hicks 1998; Fralish 2003).

The Central Hardwood Region also can be described by its climate. Whittaker 
(1975) reported an association of temperate deciduous forests with average tem-
perature range between 3°C and 20°C and annual precipitation from about 1,125 to 
1,225 mm. Stephenson (1998) explained the distribution of deciduous hardwood 
forests by actual evapotranspiration and water supply: “(1) annual precipitation 
(water supply) must be greater than 600 mm, (2) annual potential evapotranspiration 
(energy supply) must be greater than 600 mm, and (3) the seasonal timing of avail-
able water and potential evapotranspiration must be such that at least 600 mm of 
both occur simultaneously.” In general, the Central Hardwood Region is associated 
with a climate in which precipitation is about equivalent to potential evapotranspira-
tion and deficiencies of precipitation are offset by stored soil water during the mid 
to late frost-free season of most years.

2.1.2 � Environment of the Central Hardwood Region

The continental climate of the Central Hardwood Region is classified as humid-
temperate (Bailey 1995), with long hot summers and cold winters. Mean annual 
temperature in most of the region ranges from 11°C to 16°C. The frost-free 
season ranges from about 120 days in the north to almost 200 days in the south. 
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Annual precipitation ranges from less than 750 mm near the Great Plains to more 
than 1,100 mm in mountainous areas, with more than half falling in the growing 
season. Throughout this region, potential evapotranspiration during the early to 
middle growing season is about equal to the precipitation

West of the Mississippi River, elevations in the Central Hardwood Region range 
from about 100 m in major river valleys to over 800 m in the Ouachita Mountains, 
which are part of the Ozark Plateau, an extensive area in Arkansas and Missouri 
underlain by limestone, sandstone, and shale bedrock. East of the Mississippi 
River, elevation ranges from 100 m in the northeastern part of the Central Hardwood 
Region to over 2,000 m in the Southern Appalachian Mountains of North Carolina. 
Topography on level-bedded limestone and sandstone formations in central 
Kentucky and the Highland Rim of Tennessee ranges from gently rolling to dis-
sected and hilly. The Appalachian Plateau, from central Pennsylvania to northern 
Alabama, grades from a dissected plateau to high hills and subdued mountains 
underlain by shale, sandstone, coal, and some limestone. Eastward, the folded and 
faulted shale, sandstone, and limestone bedrock of the Ridge and Valley province 
form long sandstone capped ridges separated by valleys underlain by limestone. 
East of that province are the highly weathered, steep Blue Ridge Mountains and 
the hilly Piedmont, both of which are underlain by igneous and metamorphic rocks. 
Overall, the highly variable topography and geologic substrate of the Central 
Hardwood Region have a greater effect on the distribution of species at smaller, 
landscape scales than on limiting the broader regional extent of the oak-hickory 
cover type throughout the central USA.

Soils of the Central Hardwood Region are varied and include four orders with 
extensive distributions. Ultisols are present across about half the region, from 
Arkansas and southern Missouri, central Tennessee, and Kentucky southeastward to 
the Piedmont and north into Pennsylvania. These soils are acidic, generally low in 
fertility, have high clay content in the subsoil and low amount of moisture storage 
capacity, and often are eroded as a result of past land use. Inceptisols are young soils 
that are present on steep terrain of the Appalachian and Cumberland Mountains, 
West Virginia, Pennsylvania, and southwestern Indiana. Alfisols usually form over 
calcareous rock formations and are present in northern Missouri, northwestern and 
central Kentucky and much of Indiana, Ohio, and southern Michigan. With suffi-
cient soil moisture, Alfisols can be highly productive. Mollisols are the principal 
soil order in northern Missouri and much of Illinois, where the “Prairie Peninsula” 
extends eastward from the Great Plains into the Central Hardwood Region. Although 
soil orders are variable across the region, properties such as solum thickness of the 
A and B horizons and texture are among the most important factors affecting spe-
cies composition and productivity of stands on both dry and moist sites.

Much of the central part of the region north of the Ohio River, including most of 
Illinois, has been influenced by one or more periods of glaciation, the most 
recent being the Wisconsin, which reached its peak about 20,000  years before 
present. Forward movement of the ice sheet created a smoothed landscape while its 
retreat left a layer of till of varying thickness and local variation caused by end 
moraines. Soils are generally deep and fertile in the northern part of the glaciated area. 
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Soils on flat terrain in the southern parts of Ohio, Indiana, and Illinois generally have 
poor internal drainage, resulting in wet conditions in winter and dry conditions in 
summer. An indirect effect of glaciations in the northern part of the region was depo-
sition of wind-blown loess, which ranges in thickness from less than 0.5 to over 5 m.

Major, landscape-scale, natural disturbances throughout the Central Hardwood 
Region are associated mostly with wind (Everham and Brokaw 1996) and ice storms 
(Lemon 1961), and somewhat less by fire. Wind storms, mainly tornados, are more 
likely to occur in the western parts of the region (Fig. 3.3). Ice storms tend to be 
more common in the Appalachian Mountains and in the north (Fig. 3.3). Drought is 
a subtle form of natural disturbance that affects species composition of stands, par-
ticularly on moist sites, in the low-elevation parts of the Central Hardwood Region. 
Although wildland fires ignited by lightning occur throughout the region, the humid 
climate and highly urban and agricultural landscape limit their numbers to fewer 
than 300 annually and total area burned of about 4,500 ha (www.nifc.gov/fire_info/
lightning_human_fires, accessed 12 Jan 2011). However, anthropogenic fires, set by 
Native Americans and later European settlers, were common throughout much of 
the region until the past several decades (Spetich et  al., Chap. 4). Two historic 
sources of natural disturbances to forests in the eastern part of the Central Hardwood 
Region include elimination of American chestnut (Castanea dentata) as a canopy 
species during the 1920s and the differential effects among species from defoliation 
by gypsy moth (Lymantria dispar). White et al. (Chap. 3) provide more detailed 
information on the type and extent of disturbances.

2.1.3 � Subregions of the Central Hardwood Region

Several species of oaks are in the canopy of most upland stands in the Central Hardwood 
Region, particularly on sites that are drier than average; mesophytic species increase 
on upland sites that are wetter than average (Braun 1950). The east–west precipitation 
gradient, variable bedrock formations with differing geologies and associated soils, 
and variable topography combine to form four smaller subregions of more uniform 
vegetation composition within upland forests: (1) Western Dry Subregion, (2) 
Transition Dry-Mesic Subregion, (3) Central Mesic Subregion, and (4) Eastern Mesic 
Subregion (Fig. 2.1). These subregions are similar to geographical areas delineated by 
Braun (1950), as oak-hickory, western mesophytic, mixed mesophytic, and oak-chest-
nut, respectively. Although forests are generally dominated by oaks, species composi-
tion varies in relation to moisture gradients at the subregion and stand scales.

Much of the information in the following paragraphs was extracted with little 
change from descriptions of large ecosystems termed major land resource areas 
(Natural Resources Conservation Service 2006); arborescent species composition 
was condensed from Braun (1950). The climatic regime of each subregion is pre-
sented as a water balance diagram for a representative location that combines 
annual variation in temperature and precipitation (Stephenson 1998). Potential 
evapotranspiration and actual evapotranspiration were estimated using the function 
developed by the US Geological Survey. Thirty year normal temperature and 
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precipitation (1961–1990) were obtained from www.worldclimate.com. Soil field 
capacity of 200 mm was used for all locations.

2.1.3.1 � Western Dry Subregion

This subregion extends in a broad diagonal band from northwestern Arkansas 
through south-central Missouri, and includes much of Illinois, which was about 
60% prairie and oak savannah at the beginning of European settlement (Anderson 
1970). The average annual temperature ranges from about 11.6°C to 15.5°C; the 
frost free season ranges from 175 to 245 days. Average annual precipitation ranges 
from about 1,000 to 1,150 mm, almost 60% falls during the growing season. Most 
of this subregion is a nearly smooth peneplain that was glaciated in the northern part 
(in Illinois) but not in the south, where it is slightly dissected by small streams. 

Fig. 2.1  (a) The Central Hardwood Region, its subregions, and transitions to adjoining subregions 
(From Braun 1950), and (b) profile of physiography along a transect (dashed line) from Kansas 
City, Missouri to Washington, DC and corresponding with the dashed transect line in (a) (from 
Lobeck 1957)
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Elevation ranges from about 180 to 510 m. The Burlington Escarpment (Fig. 2.1) 
rises nearly 100 m above the peneplain and separates the Salem and Springfield 
Plateaus in southwestern Missouri. Bedrock geology is mostly sedimentary forma-
tions although intrusive granites are present in the St. Francis Mountains area of the 
Ozark Dome (Fig.  2.1), a large Precambrian uplifted and eroded region. Loess 
deposits range from several centimeters to almost a meter in thickness, with the 
greatest depth in the northern and eastern parts of the subregion. Soils are primarily 
Alfisols or Ultisols that have formed in material weathered from cherty limestone.

Tree species found in mesic ravines and gorges of this region include beech, 
northern red oak (Q. rubra), white oak (Q. alba), chinkapin oak (Q. muehlenbergii), 
sweetgum (Liquidambar styraciflua), winged elm (Ulmus alata), American elm 
(U. Americana), white ash, sugar maple, bitternut hickory (C. cordiformis), and 
basswood (Tilia americana). Dry site species on ridges and slopes include black oak 
(Q. velutina), white oak, shortleaf pine, scarlet oak (Q. coccinea), shagbark hickory 
(C. ovata), and in southern areas of the subregion, post oak (Q. stellata), blackjack 
oak (Q. marilandica), and southern red oak (Q. falcata). Before European settle-
ment, much of this subregion in Illinois was a mosaic of open woodlands and tall-
grass prairie maintained by frequent fire (Spetich et al., Chap. 4).

A water balance diagram for Harrison, Arkansas, in the northwest corner of the 
state near Missouri and the transition to the Great Plains, shows precipitation does 
not meet evapotranspiration requirements beginning in June and continuing during 
the growing season through October (Fig. 2.2). Water required for evapotranspira-
tion, but not supplied by precipitation, is obtained from stored soil moisture. In a 
normal year, about 35% of available soil moisture remains at the end of the growing 

Fig. 2.2  A soil moisture deficit begins to develop in parts of the Western Dry Subregion during 
June in response to decreased summer precipitation as shown by a water balance diagram for 
Harrison, Arkansas
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season. The steep decline in summer precipitation, particularly for July, is typical of 
climates associated with grasslands (Vankat 1979). Windstorms, particularly torna-
dos, and drought are the main types of natural disturbance. Fire set by humans was 
also an important disturbance prior to the early 1900s (Spetich et al., Chap. 4).

2.1.3.2 � Transition Dry-Mesic Subregion

This subregion includes much of the western and central parts of Kentucky and cen-
tral Tennessee, and is a transition between the drier subregion to the west and mesic 
area to the east. The landscape is a plateau with low, rolling hills, upland flats, and 
narrow valleys. Steep slopes are present in the Nashville Basin and bordering the 
Coastal Plain on the west. Limestone is present in many areas, particularly the fertile 
Bluegrass Region of Kentucky (Fig. 2.1), which was an oak savannah before European 
settlement. The average annual temperature ranges from about 11.1°C to 15.5°C; the 
frost free season ranges from 185 to 235 days. Average annual precipitation ranges 
from about 1,100 to 1,600 mm. Precipitation is generally well distributed annually, 
but the monthly maximum occurs during late winter and early spring; the minimum 
occurs in fall. Bedrock geology is mostly Ordovician to Mississippian age limestone 
and dolomite. Thick clay covers much of the bedrock and areas of karst occur where 
clay is not present. Loess deposits of varying thickness cover much of the bedrock on 
uplands and ridges. Soils are mostly Alfisols, Inceptisols, and Ultisols that are deep 
to very deep, generally well drained, and loamy or clayey texture.

Some of the more important tree species of mesic sites in this subregion include 
beech, yellow-poplar (Liriodendron tulipifera), northern red oak, sugar maple, black 
walnut (Juglans nigra), and slippery elm (U. rubra); dry site species are white oak, 
northern red oak, shagbark hickory, black oak, pignut hickory (C. glabra), sassafras 
(Sassafras albidum) and, on basic soils, chinkapin oak. A water balance diagram for 
Columbia, Tennessee, shows a small deficit of precipitation developing in early sum-
mer that remains about constant until fall (Fig.  2.3). July precipitation increases 
sharply from the amount received in June, a trend which differs markedly from that of 
the adjoining Western Dry Subregion. Fire was less common here compared to neigh-
boring subregions (Fig. 3.3). Drought is a recurring natural disturbance throughout 
this subregion; wind storms are more common in the north.

2.1.3.3 � Central Mesic Subregion

This subregion extends from central Pennsylvania to northern Alabama (Fig. 2.1) and 
includes much of the Appalachian Plateau, which consists of the Allegheny Plateau 
and Mountains in the north and the Cumberland Plateau and Mountains in the south 
(Fenneman 1938; Bailey 1995). Its eastern and western boundaries are marked by 
abrupt changes in topography identified as the Allegheny Front and Highland Rim, 
respectively (Fig. 2.1). Elevations range from about 300 m along the western edge to 
over 1,200 m in the Allegheny Mountains. Topography in much of this subregion is 
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highly dissected plateau with steep side slopes between narrow ridge tops and 
mountains of moderate to high relief. The average annual temperature ranges from 
about 7.2°C to 15.6°C; the frost free season is variable depending on elevation and 
latitude, and ranges from 120 to 225 days. Average annual precipitation ranges from 
about 900 to 1,500 mm, and may exceed 1,900 mm in the mountains; about half 
occurs during the early growing season. Bedrock geology is mostly sedimentary for-
mations of sandstone and shale, with small areas of limestone and coal in Virginia and 
Alabama. Ultisols form most of the soils in the undulating to rolling landscape of the 
Cumberland Plateau; shallow to deep and well drained to excessively drained 
Inceptisols are typical in areas of steep sandstone or shale residuum.

Canopy species composition is more varied here than in the other subregions and 
on mesic sites includes white oak, northern red oak, yellow-poplar, beech, sugar 
maple, buckeye (Aesculus spp.), black walnut, slippery elm, bitternut hickory and 
white ash; species on dry sites usually include white oak, chestnut oak (Q. prinus), 
black oak, shagbark hickory, pignut hickory, and redbud (Cercis canadensis). Stands 
of red spruce are present on the highest mountains in central West Virginia. A water 
balance diagram for Farmers, Kentucky, on the western edge of the subregion, 
shows a trend of actual evapotranspiration similar to the adjacent transition dry-mesic 
subregion to the west, but with very slight deficit of soil moisture as a result of the 
high July precipitation (Fig. 2.4). Ice storms are the most important type of natural 
disturbance, especially in the northern part of the subregion. Spetich et al. (Chap. 4) 
suggest that Native American use of fire was a common type of disturbance in this 
subregion that likely affected the regeneration dynamics of American chestnut, 
which was a component of many upland hardwood stands on non-calcareous soils, 

Fig. 2.3  As illustrated in a water balance diagram for Columbia, Tennessee, increased precipita-
tion during July is the primary reason that soil moisture deficits are small in the Transition Dry-
Mesic Subregion of the Central Hardwood Region
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before it was eliminated as a canopy species by the chestnut blight (Cryphonectria 
parasitica) in the early 1900s.

2.1.3.4 � Eastern Mesic Subregion

Two large areas of differing physiology are included in this subregion: the low topog-
raphy of the Ridge and Valley and higher peaks of the Blue Ridge Mountains 
(Fig.  2.1). Both of these areas extend from eastern Tennessee and western North 
Carolina through western Virginia into eastern Pennsylvania. Elevation ranges from 
about 30 m in the north to over 2,000 m in the southern mountains. Average annual 
temperature ranges from about 7.8°C to 15.6°C; the frost free season averages about 
180 days, but is variable depending on elevation and latitude and ranges from 135 to 
235 days. Average annual precipitation ranges from about 1,000 to 1,500 mm, and 
exceeds 2,500 mm along parts of the southern Blue Ridge escarpment in western 
North Carolina. Precipitation is generally evenly distributed annually with slightly 
reduced amounts in the fall. Ridge and valley bedrock geology consists of alternating 
beds of limestone, dolomite, shale, and sandstone; ridge tops are topped with resis-
tant sandstone and the valleys have been eroded into less resistant shale and lime-
stone. Southern Appalachian Mountain bedrocks consist mainly of Precambrian 
metamorphic formations of gneiss, schist, and small areas of amphibolites. The dom-
inant soil orders are Inceptisols, Ultisols, and Alfisols, which are shallow to very 
deep, moderately well-drained to excessively drained and loamy or clayey.

Composition of the canopy in this subregion is almost as varied as in the central 
mesic subregion. Common mesophytic species of low to middle elevation stands are 

Fig. 2.4  Potential and actual evapotranspiration are almost equal in many parts of the Central 
Mesic Subregion, as shown by this water balance diagram for Farmers, Kentucky
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yellow-poplar, northern red oak, sweet birch (Betula lenta), white oak, red maple, 
white ash, silverbell (Halesia carolina), beech, and cucumber magnolia (Magnolia 
acuminata); xerophytic species include chestnut oak, scarlet oak, black oak, white 
oak, sourwood (Oxydendrum arboreum), pignut hickory, and mockernut hickory 
(C. alba). High elevation forests (above 1,300 m) are dominated by northern red oak 
on exposed slopes and ridges, and northern hardwoods (buckeye, sugar maple, yel-
low birch, and basswood) on protected slopes. Red spruce and Fraser fir (Abies 
fraseri) are extensive at still higher elevations (above 1,600 m). A water balance 
diagram for Brevard, North Carolina, indicates precipitation exceeds potential 
evapotranspiration throughout the growing season (Fig.  2.5). Ice storms are the 
major recurring type of natural disturbance although periodic drought (Hursh and 
Haasis 1931), the southern pine beetle (Dendroctonus frontalis) (Thatcher et  al. 
1981), and wind from remnants of hurricanes (Greenberg and McNab 1998) may 
also be important. Lightning caused fires are uncommon in the humid climate of 
this subregion, but human-caused fires were an important type of disturbance asso-
ciated with American Indian and European settlement (Spetich et al., Chap. 4).

2.1.4 � Subregional Comparisons and Subdividing  
the Region by Other Criteria

The four subregions of the Central Hardwood Region share a similar canopy com-
position dominated by upland oaks, and similar climates where rainfall is well dis-
tributed throughout the year and adequate to maintain soil moisture near field 

Fig. 2.5  Brevard, North Carolina, is in a high rainfall zone of the Eastern Mesic Subregion, where 
soil moisture deficits are rare
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capacity during much of the growing season. However, they differ in two respects: 
the relative proportions of mesophytic species and predominant types of natural dis-
turbance. For example, yellow-poplar, an aggressive, shade intolerant mesophytic 
species that can hinder development of oak regeneration, is a minor component of 
stands in the Western Dry Subregion (Table 2.1). Ice storms are more likely to occur 
in the northern part of the Region (Fig. 3.3), and can cause almost continuous canopy 
disturbance across large areas. In contrast, early successional habitats resulting from 
wind-caused disturbances are more common in the western subregions and often 
result in small, discontinuous areas of tree blowdowns. Although the macro-climate 
may be similar throughout the Central Hardwood Region, differences in site quality, 
species composition, and natural disturbances among subregions should be consid-
ered by managers when planning silvicultural prescriptions to meet goals for creating 
and maintaining early successional habitats (Loftis et al., Chap. 5; Greenberg et al., 
Chap. 8). Potential climate change induced shifts in forest composition (Wear and 
Huggett, Chap. 16) and the frequency and intensity of natural disturbances (White 
et al., Chap. 3) will also require careful consideration in land management planning 
for early successional habitats at the local and regional level.

In addition, subregions delineated using Braun’s (1950) major subdivisions as a 
basis may not be suitable for some purposes. Other methods and criteria for sub
dividing the Central Hardwood Region include physiographic provinces (Fenneman 
1938), potential natural vegetation (Kuchler 1964), and large nested ecosystems 
of regional extent called ecoregions (Bailey 1983). Two widely used ecoregion 
maps have been developed by the USDA Forest Service (Cleland et al. 2007) and 
the US Environmental Protection Agency (2009) (Table 2.2). The versatility of 
these ecological maps is demonstrated by their use for purposes unintended in their 
development, such as delineation of bird conservation regions in the Central 
Hardwood Region used by some authors in this volume (Franzreb et al., Chap. 9; 
Warburton et al., Chap. 13) (US North American Bird Conservation Initiative 2000). 

Table 2.1  Composition by subregion of selected hardwood species on timberland of the Central 
Hardwood Region (Smith et al. 2004)a

Species or 
species group

Subregion

Western dry Transition dry-mesic Central mesic Eastern mesic

Percentb

All oaks 64 41 38 37
All hickory 12 11 7 4
White ash 3 4 2 3
Basswood <1 1 3 1
Am. beech <1 3 5 3
Yellow-poplar <1 13 16 12
Sugar maple 1 5 6 4
Red maple 3 5 8 13
Others 16 17 15 23
aTimberland is forest land that is producing or is capable of producing crops of industrial wood in 
excess of 1.4 m3/ha per year of industrial wood in natural stands
bPercent of total volume of hardwood growing stock >12.7 cm diameter breast height
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Authors of other chapters (Wear and Huggett, Chap. 16) have used a combination 
of ecoregions and administrative boundaries to define large areas of the Central 
Hardwood Region as a basis for forecasting of future forest conditions.

2.2 � Conclusions

The Central Hardwood Region extends east from the Great Plains almost to the 
Atlantic Ocean and south from Lake Erie to the Piedmont Fall Line. The temperate, 
humid climate, well-distributed annual rainfall, and deep soils of the region form 
environmental conditions where moisture is usually available to vegetation through-
out the frost-free season. At the regional scale, upland forests are characterized by 
oaks and hickories in the canopy. Species composition can be variable at the land-
scape scale, however, where topography and soil variation create moisture gradients 
occupied by a suite of vegetative species ranging from xerophytes (oaks and hicko-
ries) to mesophytes (maples and yellow-poplar). The relative abundance of some 
species, particularly yellow-poplar, varies considerable among subregions and 
should be taken into account when planning silvicultural activities to achieve 
resource management goals related to creating and maintaining suitable quantities 
and qualities of early successional habitats.
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Abstract  Largely a legacy of stand-replacing human disturbances, today’s central 
hardwood forests exhibit a narrower range of stand ages and structures than those 
in the presettlement landscape. Although natural disturbance types and frequencies 
vary within the region, large stand-replacing natural disturbances have always 
been infrequent; typical return intervals in excess of 100 years are longer than 
current forests have existed. Many present-day stands are dominated by early to 
mid-successional species in the overstory and late successional species in the 
understory; natural disturbances often serve to increase dominance of the under-
story late successional species, unless they are severe enough to disturb the canopy, 
forest floor, and soil. In any case, only the most severe natural disturbances or 
combinations of disturbances (including human disturbance) initiate large patches 
of early successional vegetation. Will the amount and spatial arrangement of early 
successional habitats created by natural disturbances be sufficient to meet manage-
ment goals? We do not have the information to answer this question at present; the 
answer is further complicated by the potential effects of climate change on the rates 
and intensities of natural disturbances.
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3.1 � Today’s Forests – A Legacy of Human Disturbance

Today’s central hardwood forests are largely a legacy of stand-replacing human 
disturbances that began in the 1700s and intensified in the 1800s and early 1900s 
(Lorimer 2001). Many of these forests owe their origin to large scale logging that 
took place between 1850 and 1940, while others date from farm abandonment that 
has occurred, at different times in different parts of our study area, from 1880 to the 
present (Fralish and McArdle 2009; Hart and Grissino-Mayer 2008). Peak agricul-
tural clearing occurred between about 1880 and 1920, and post-farming stands from 
that period are similar in age to the post-logging forests.

Logging and agricultural disturbance were often accompanied by soil erosion, so 
the significance of these disturbances was more than a simple resetting of the suc-
cessional clock; productivity and successional trajectories were affected on some 
sites. Burning and understory livestock grazing also were widespread during the 
1800s and early 1900s, and occurred over landscapes variously cleared, farmed, or 
burned by Native Americans (Owen 2002).

Because of their roots in historical, widespread stand-initiating human distur-
bances, most of today’s central hardwood forests are 70–100 years old, creating a 
landscape with reduced structural heterogeneity and age diversity compared to the 
presettlement landscape (Shifley and Thompson, Chap. 6). These forests are now 
reaching sawtimber size over large areas. Some stand characteristics, such as leaf 
area and basal area, have reached levels similar to presettlement forests, but compo-
sition, maximum tree sizes, and downed woody debris remain out of presettlement 
norms (Flinn and Marks 2007; Trani et al. 2001).

Present day stem densities generally are greater than densities in old-growth 
forests for three reasons: (1) Trees are mostly only about one-quarter to one-half 
their maximum sizes and forest understories were more open in the past due to (2) 
frequent fires, and (3) understory grazing. Shade-tolerant, fire sensitive, and mesic 
species often dominate in these denser forest understories and the forests are slowly 
converting from greater dominance by oaks (Quercus spp.) and hickories (Carya 
spp.) (with pines (Pinus spp.) in some areas) to maples (Acer spp.) and beech (Fagus 
grandifolia) as these species regenerate after the death of overstory trees (Cowell 
et al. 2010; Fralish and McArdle 2009; Hart and Grissino-Mayer 2008; Hart et al. 
2008). Nowacki and Abrams (1997) refer to the widespread increase in mesic fire 
sensitive species across the deciduous forests of eastern North America as “mesoph-
ication.” Although invasive pests and diseases (e.g., chestnut blight (Chryphonectria 
parasitica), gypsy moth (Lymantria dispar)) became important throughout the 1900s, 
they also served to increase canopy turnover rates and release advanced regeneration 
rather than initiate early succession composition and structure.

The maturation of central hardwood forests, the roughly synchronous nature of 
the large scale human disturbances that produced them, and the current smaller-scale 
disturbance regime, mean that early successional habitats within these forests are 
declining. This, in turn, raises concerns about the persistence of biodiversity supported 
by early successional habitats. In this chapter, we address the questions: What natural 
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disturbances are important in these forests? Will these natural disturbances 
recreate the heterogeneity and patchiness of the past? Do natural disturbances 
initiate early successional habitats, which we consider to include new stands, young 
forest patches, or habitat within forests for open site, early successional plants, in 
the present landscape? Other chapters in this volume focus more specifically on 
vegetation response to disturbance; for example, Elliott et al. (Chap. 7) examine 
disturbance effects on herbaceous vegetation composition and diversity, and Loftis 
et al. (Chap. 5) examine effects of silvicultural disturbances on species composition 
of regenerating hardwoods.

In addition to natural disturbances within forests, there are other sources of open 
habitats and the biodiversity they support in the Central Hardwood Region. They 
include rock outcrops, glades, barrens, fire-dependent prairies that develop on certain 
bedrocks, and floodplains and stream channels affected by flood scour and beaver 
populations (Anderson et al. 1999). These habitats have slow rates of succession 
(rock outcrops, glades, and barrens), high rates of disturbance (floodplains, prairies) 
or both. For example, frequent fire can expand open grasslands and savannahs 
beyond the immediate boundaries of the bedrock islands that underlie some of these 
open communities. These open sites are also early successional habitats, but in this 
chapter we focus only on early successional habitats within upland forests, includ-
ing new stands, patches of young forest, or open patches with early successional 
species. Anderson et al. (1999) have described the other kinds of open and succes-
sional communities in the North American forests.

3.2 � Natural Disturbances and Early Successional Habitats

Large-scale or intense disturbances above a threshold of severity (Romme et  al. 
1998; Frelich and Reich 1999) initiate succession or maintain early successional 
forest habitats and allow the periodic regeneration of shade intolerant species. 
Frelich and Reich (1999) concluded severe or high cumulative disturbance maintain 
early successional species or initiate rapid conversion from late successional species 
to early successional species (a compositional catastrophe). Roberts (2004, 2007) 
linked disturbance severity to the percent of cover or biomass removed or disrupted 
through canopy, understory, and forest floor layers. We have adapted the Roberts 
model (Fig. 3.1, left panel) to link natural disturbance type and severity to early suc-
cessional habitats. Disturbances are likely to have different impacts through forest 
strata (reviewed by Roberts 2004) and the threshold of severity to initiate succession 
is likely to differ both among strata and disturbances. For example, fire and flooding 
are ‘bottom up’ disturbances, with ground layer, understory, and canopy impacts at 
increasing severity. In contrast, wind disturbance, ice storms, and pathogens are 
often ‘top down’ disturbances. As windstorm severity increases, effects move from 
the canopy to soil and understory disturbance through tip-ups, thereby increasing 
the importance of seed dispersal relative to sprouting and seed bank in recruitment 
of understory stems (e.g., Busing et al. 2009; Clinton and Baker 2000). In general, 
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the establishment of shade intolerant species in the Central Hardwood Region 
depends on both canopy and ground layer disturbance.

Although severity of individual and multiple disturbances has been related qual-
itatively to forest conversion or maintenance of early successional species (e.g., 
Frelich and Reich 1999), few studies have quantified the severity of individual 
natural disturbance types needed to initiate succession or maintain early succes-
sional habitats in upland central hardwood forests. Most evidence is indirect. For 
example, hurricane damage that resulted, on average, in 25% basal area reduction 
in a mixed oak-hickory-pine forest did not shift composition toward shade-intolerant 
tree species (Busing et al. 2009). Natural disturbance alone also had little effect on 
habitat availability for early successional songbirds in a 60 year simulation study 
(Klaus et al. 2005). In a west-central Tennessee site that experienced moderate-
severity windthrow and limited subsequent salvage logging, establishment of 
shade-intolerant tree species was more related to pre-disturbance forest composi-
tion than to disturbance severity (Peterson and Leach 2008). In contrast, however, 
Clinton and Baker (2000) found that gaps up to 4,043 m2 could facilitate establishment 
of shade-intolerant species in Southern Appalachian forest. Vigorous sprouting 
(Clinton and Baker 2000) likely contributed to early successional forest structure, 
since these forests were young enough to have such species in the overstory. Elliott 
et al. (2002) also found that 84% reduction in basal area, through wind disturbance 
and subsequent salvage logging, allowed a heterogeneous mix of shade tolerant 
species, shade intolerant species, and opportunistic early successional understory 

Fig. 3.1  On the left, a conceptual model (adapted from Roberts 2004, 2007) relates increasing 
severity of natural disturbance – as percent cover or biomass removed or disrupted through forest 
strata – to extent of early successional habitats, which is represented by the progressive shading 
and includes young forest and open patches with early successional plant species. Disturbance 
above some threshold of severity (Romme et al. 1998; Frelich and Reich 1999) may be required to 
initiate early successional habitats. On the right, the relative importance (indicated by the shading) 
of different regeneration modes changes with disturbance severity; regeneration from seed sources 
increases as disturbance severity increases
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species to establish in Southern Appalachian forests. Variation in forest composition, 
differences in disturbance severity over the landscape, and interaction of multiple 
disturbances (including interactions of natural disturbances and management) are 
most likely to create within-forest heterogeneity, with local patches of early suc-
cessional habitats.

Differences in regeneration mechanisms among forest types and over disturbance 
severity gradients can contribute to the extent and, possibly, duration of early suc-
cessional habitats. Figure 3.1 (right panel) is a conceptual model of the relationship 
between disturbance severity and predominant regeneration mechanism following 
disturbance. In general, contribution of seed sources increases with disturbance 
severity, although contribution from the seed bank will diminish if soil surface lay-
ers are removed (Aikens et al. 2007; Clinton and Baker 2000; Harrington and Bluhm 
2001; Turner et al. 1998). Greater contribution from seed sources can increase abun-
dance of early successional and shade-intolerant species, many of which regenerate 
from buried seeds or from seeds carried into the site by wind or animals. For exam-
ple, regeneration after hurricane disturbance followed by salvage logging was char-
acterized initially by many small-diameter stems and opportunistic species (Rubus 
allegheniensis) that regenerate from buried seeds (Elliott et al. 2002). Sites with a 
high abundance of species that resprout following disturbance are less likely to have 
new individuals establish, but may maintain young forest structure if early and mid-
successional species dominate the canopy. Regeneration from seeds may also 
increase the time to canopy closure, when compared to sites with residual plants 
(those remaining after the disturbance) or a high abundance of species that resprout 
(Turner et al. 1998).

In general, only the most severe disturbances, such as catastrophic windstorms, 
fire, or landslides, create extensive early successional habitats. However, repeated 
natural disturbances, management following a disturbance event, or disturbance fol-
lowing management action could effectively increase disturbance severity or 
increase the duration of early successional species or structure (Elliott et al. 2002; 
Gandhi and Herms 2010; Kupfer and Runkle 1996). Frelich and Reich (1999) 
pointed out the importance of cumulative disturbance severity in maintaining early 
successional species or initiating catastrophic conversion of late successional to 
early successional species. Cumulative disturbances also are likely to maintain early 
successional habitats by preventing establishment of late successional species.

3.3 � Disturbance Patterns Within the Central  
Hardwood Region

Some parts of the Central Hardwood Region are more susceptible than others to 
particular disturbance types. Understanding the variation in disturbance types and 
frequencies within the region can guide management actions to promote or sustain 
early successional habitats (see Shifley and Thompson, Chap. 6).
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We used spatial information to examine the patterns of natural disturbances 
within the Central Hardwood Region. A Geographic Information System (GIS) cover-
age for ice storm potential (freezing rain) was derived by geo-referencing Fig. 3.1 (a 
map of the annual number of days with freezing rain as defined by 988 weather 
stations from 1948 to 2000) from Changnon and Bigley (2005). Line coverage of 
historical North Atlantic tropical cyclone tracks, 1851–2000 (NOAA 2009) was 
used to generate a density map of tropical storm occurrence within the region. 
Tornado density was calculated in ArcGIS (v. 9.3) using United States tornado 
touchdown points 1950–2004 (NWS 2005). A landslide coverage was based on a 
spatial index of landslide susceptibility and occurrence (Godt 1997). Raster digital 
data for mean fire return interval were obtained from LANDFIRE (US Forest 
Service 2006). The base maps for these disturbances are shown in Appendix I.

To evaluate the patterns of the combined disturbances, we first scaled each dis-
turbance (0–100 scale) among 17 ecoregions (US Environmental Protection Agency 
2009) contained within the larger Central Hardwood Region and calculated the 
mean value of each scaled disturbance weighted by the number of pixels that repre-
sented the disturbance within the ecoregion. We used principal components analysis 
(PCA) to identify linear combinations of the five disturbance types over the ecore-
gions. It is important to note here that base disturbance intensity differs among the 
disturbance types. For example, the landslide coverage includes both susceptibility 
and occurrence; ice storm potential is assessed through data on the days of freezing 
rain rather than ice storm damage; tropical storms vary in intensity; and mean fire 
return interval includes a range of severity from understory to stand-replacing fires.

The predominant disturbance type varies among ecoregions within the larger 
Central Hardwood Region (Figs. 3.2, 3.3). The first two principal components 
explained 77% of the variance in disturbances among the ecoregions. Axis 1 cor-
related positively with tornados (0.90) and negatively with landslides (−0.88) and 
tropical storms (−0.80). This axis represents an east–west gradient (Fig. 3.3) from 
tropical storms, the predominant disturbance in the east, to tornados in the west 
(Table 3.1, Fig. 3.2). The frequency of tropical storms decreases from the Piedmont 
(ecoregion 45, Table 3.1) and adjacent Blue Ridge (ecoregion 66) westward to the 
Ridge and Valley (67), Central Appalachians (69) and Western Allegheny Plateau 
(70), which are more susceptible to landslides (Figs. 3.2, 3.3; Table 3.1).

Principal component Axis 2 correlated positively with fire return interval (0.82) 
and negatively with freezing rain (ice storm potential) (−0.81). Not surprisingly, 
northern extensions of the region, including the Huron and Erie Lake Plains (57), 
Southern Michigan and Northern Indiana Drift Plains (56), and Eastern Corn Belt 
Plains (55) have the highest occurrence of freezing rain (Table 3.1; Figs. 3.2, 3.3). 
Western regions, from the Central Corn Belt Plains (56) south to the Ouachita 
Mountains (36), have the highest occurrence of tornados, but areas farther north 
(56) also experience freezing rain and more southern regions (36, 37, 38) experi-
ence frequent fire (5–15 year fire return intervals, Appendix I). The Appalachians 
and adjacent Plateau regions are an exception to the north – south gradient from 
freezing rain to high fire return intervals (Fig. 3.3); relatively high rainfall results in 
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Fig. 3.2  Ecoregions of the Central Hardwood Region and five disturbance eigenvectors (scaled to 
unit length) plotted on the first and second principal component axes. Names of the numbered 
ecoregions are given in the text

Fig. 3.3  Ecoregions of the Central Hardwood Region color-coded by their PCA scores (first (X) 
and second (Y) axes). First axis scores were positively correlated with tornados and negatively 
correlated with landslides and hurricanes. Second axis scores were positively correlated with fire 
return interval and negatively correlated with freezing rain
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longer fire return intervals and higher elevations likely experience more frequent 
freezing rain or ice (Table 3.1).

Variation in natural disturbances over the Central Hardwood Region is likely to 
result in different patterns and probabilities of early successional habitats being 
created or maintained. Catastrophic windstorms, associated with tropical storms 
and hurricanes in the east and with tornados in the west, can create patchy and spo-
radic early successional habitats, although research suggests these storms generally 
are below the threshold needed for the initiation of extensive early successional 
stands unless followed by management (e.g., salvage logging) or a subsequent natural 
disturbance (Elliott et al. 2002; Gandhi and Herms 2010; Kupfer and Runkle 1996; 
Peterson and Leach 2008) that increases disturbance severity. In the Piedmont 
(eastern) and Ouachita (southwestern) ecoregions, fire is the most likely natural 
disturbance to act in concert with wind (Fig. 3.3). Historically, these fires were initi-
ated by Native Americans, settlers, or lightning; today they are most likely to be 
initiated by land managers (see Spetich et al., Chap. 4).

In northern ecoregions, as well as on slopes and ridges of the Appalachians, ice 
storms are most likely to cause damage to the canopy. Susceptibility to ice storms 
may be greatest on steep slopes (Mou and Warrilou 2000) and damage can be more 

Table 3.1  The likelihood of experiencing disturbances within each ecoregion

Ecoregion
Freezing rain 
days/year

Tornados #/ 
km2/10 year (×10–3)

Trop. storms #/
km2/10 year (×10–5)

Fire return interval 
(years)

56 3.8 1.8 2.4 14.6
67 2.9 0.9 8.9 9.2
57 3.9 1.6 6.2 23.4
54 4.3 2.6 2.5 3.9
64 3.8 1.9 11.9 8.9
55 4.1 2.0 3.8 14.9
70 2.7 0.6 3.6 8.6
69 2.1 0.3 5.1 12.7
72 3.4 1.7 4.0 12.9
45 2.4 1.2 12.8 7.3
71 1.8 1.5 5.9 9.1
39 3.4 1.5 3.7 4.5
66 3.0 0.4 12.0 7.8
68 1.0 1.5 12.0 8.0
38 2.3 1.0 11.8 3.4
37 2.0 2.7 8.5 7.8
36 1.3 1.2 9.7 5.0

Information about the temporal scale and data sources for each disturbance is included in the text. 
Qualitative data for landslide incidence and susceptibility could not be averaged and thus were not 
included in the table. Averages for freezing rain (days/year) and fire return interval (years) were 
derived from area-based spatial data (Appendix 1) and were weighted by the proportion of area 
representing different values within the ecoregion. Tornados are the number of touchdowns points 
per km2 per decade within the ecoregion. Tropical storm values were derived from storm tracks 
(line data, Appendix 1), and are reported as the number per km2 per decade within the ecoregion
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intense on edges (Millward and Kraft 2004). However, ice storms often do not lead 
to change in forest composition, although growth of understory species can slow 
recovery, especially in larger gaps (Mou and Warrilou 2000). Slopes of the 
Appalachians and adjacent Plateaus also are susceptible to, and have a high inci-
dence of, landslides. These localized disturbances have high heterogeneity, with 
patches of unstable exposed soil, erosional and depositional zones, and an initial 
mix of surviving vegetation and early colonists (Myster and Fernandez 1995; 
Francescato et al. 2001; Walker et al. 2009). Rates and trajectories of succession can 
be highly variable on landslides (Francescato et al. 2001; Walker et al. 2009); early 
successional herbs and patches of shrubs can persist for decades or be replaced 
more rapidly by forest species (Francescato et al. 2001; Walker et al. 2009).

The presettlement forest landscape, except of course on sites of Native American 
cultivation, was largely forests whose dominant trees often survived to reach ages of 
300–500 years. The mortality of canopy trees therefore occurred at low rates, probably 
varying from about 0.05% to 2% of canopy trees per year (Runkle 1982; Busing 
2005). Large stand-replacing natural disturbances were always infrequent relative 
to tree lifespans, with return intervals in the 100s of years. Thus, return intervals are 
longer than the current forests have existed (Hart and Grissino-Mayer 2008; Lorimer 
2001; Schulte and Mladenoff 2005). For example, Hart and Grissino-Meyer (2008) 
found evidence of only one stand release, in the 1980s, in an oak-hickory forest that 
established in the 1920s. Less severe disturbances, those that do not lead to stand 
replacement are, of course, more frequent.

Return intervals of particular disturbances at small scales are affected by local 
factors, such as topography, as well as regional factors such as climate. There are 
several challenges in predicting natural disturbance return intervals at a local scale. 
First, they are scale dependent. For instance, the return interval for tropical storms 
over the last 100 years in the state of North Carolina as a whole (139,396 km2) is 
about 1.3 years (www.nc-climate.ncsu.edu). The return interval for Orange County, 
North Carolina, an inland county of 1,040 km2 is about 50 years, while the return 
interval for a particular stand of trees within Orange County is in excess of 100 years 
(see also Busing et al. 2009). A second challenge is that disturbance rate and sever-
ity are contingent, proximately, on current structure and composition and, ulti-
mately, on successional history. Thus, the disturbance rates in the homogeneous 
forests of the present, with their high densities and uniform canopy of trees that are 
smaller than old growth forests, are themselves a result of the synchronous origin of 
these stands some 70–100 years ago. A third challenge is that cumulative effects of 
repeat or multiple disturbances are more likely to produce early successional habitats 
than single events (Frelich and Reich 1999). A fourth is that invasive pest species 
are still spreading in this region. Finally, disturbance rates and severities are likely 
to change with changing climate and socioeconomic factors. Wear and Greis (Chap. 16) 
forecast how forest type and age class distribution might change over the next 
50  years in response to biophysical and socioeconomic dynamics. Below, we 
discuss the linkage between natural disturbance and early successional habitats at 
the landscape scale.
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3.4 � Natural Disturbance and Early Successional  
Habitats on the Landscape

At landscape and regional scales, we can ask: how do natural disturbances affect the 
amount and distribution of early succesional habitats and is this pattern dynamically 
stable (i.e., in equilibrium and likely to be maintained) over time? A strict defini-
tion of equilibrium is “quantitative” equilibrium or “shifting mosaic steady state” in 
which disturbance rate is constant and the percentage of various patch types and 
stand ages, including early successional vegetation, is constant through time at large 
spatial scales. Given all the historic and present disturbances that impact forests of 
the Central Hardwoods Region, quantitative equilibrium is unlikely. A less stringent 
form of dynamic stability is “qualitative” or “persistence” equilibrium (see discus-
sion in White et al. 1999) in which the rate of disturbance and size of disturbance 
patches vary, but within boundaries such that patch types, stand ages, and the species 
associated with these conditions fluctuate from year to year but do not disappear at 
large spatial scales. Qualitative equilibrium is more likely, and given that it suggests 
persistence of species dependent on all patch types, may be a reasonable standard 
for conservationists and managers.

Given (1) the narrow age range of current forests, (2) observations in the literature 
which suggest later successional species in understories increase after disturbance, 
and (3) the low probability of stand-replacing natural disturbances, large patches of 
early successional habitats may be declining on the landscape. However, disturbances 
do create edges. Light, nutrient, and seed dispersal gradients across edges allow 
open-site and early successional species to establish and persist in edge zones. For 
example, edges between forests and agricultural fields had a greater number of light-
demanding species than forests interiors, and south-facing edges were as wide as 
23 m (Honnay et al. 2002). In forest edges younger than 6 years, most edge-oriented 
species were close to the edge, with distributions related to light and light-related 
variables, but some species had peak density up to 40 m into the forest (Matlack 
1994). Species composition and distribution patterns characteristic of edges persisted 
up to 55 years after edges were closed by succession (Matlack 1994).

Canopy gaps and similar disturbance patches also contain light, nutrient, and 
seed dispersal gradients that promote early successional forest composition and 
young forest structure. For example, canopy openness in 3-year-old experimental 
gaps greater than 20 m radius in bottomland hardwood forest declined linearly from 
the open center (>20% canopy openness) across the edge (>10% canopy openness) 
to more than 60 m (<5% canopy openness) into the surrounding forest (Collins and 
Battaglia 2002). Ten years after the gaps were created, the centers had a young forest 
canopy; species composition differed from gap centers into the surrounding forest, 
with wind-dispersed species more common in gap centers (Holladay et al. 2006). In 
a high-latitude Scots Pine (P. sylvestris) and Norway Spruce (Picea abies) forest, 
cumulative photosynthetically active radiation (PAR) was asymmetrically distrib-
uted around a canopy gap (deChantal et al. 2003). PAR decreased from 1,100 MJ m–2 
in the gap to 300 MJ m–2 beneath surrounding forest over 20 m on the north side and 
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over 36 m on the south side of the gap. After only two growing seasons, there was 
evidence that the asymmetric distribution of light and resources could contribute to 
Scots Pine and Norway Spruce becoming dominant in different parts of the gap.

Other mechanisms will also create refuges for early successional species at land-
scape and regional scales. Habitat fragmentation with urbanization and second 
home construction will increase edge habitat. Alien pests and pathogens that affect 
central hardwood forests, such as the emerald ash borer (Agrilus planipennis) and 
hemlock woolly adelgid (Adelges tsugae), will continue to create canopy openings. 
However, the relative homogeneity of stands ages in the Central Hardwood Region 
and current regeneration patterns in these forests suggest that early successional 
habitats will decline as these forests age. There are therefore concerns for particular 
management units, in terms of loss of heterogeneity and early successional habitats. 
Nonetheless, there are many processes that support the local regeneration of early 
successional species across this region. Unfortunately, data are not often collected 
at relevant scales to evaluate the net balance of these sets of processes.

3.5 � Conclusion

The synchronous origin and narrow range of stand ages in the Central Hardwood 
Region will have implications for decades to come (see Shifley and Thompson, Chap. 6). 
Variation in the types and frequencies of natural disturbances creates a range of early 
succession and young forest species composition and structure; thus, scattered to 
connected patches of early successional habitats generated by natural disturbance are 
likely to be represented in the central hardwood forests of tomorrow. However, the 
narrow range of stand ages, reduced structural heterogeneity, current successional 
processes, and low frequency of disturbance at the local scale suggest loss of abundant 
early successional habitats, at least that generated by natural disturbance alone, at a 
scale relevant to conservation and management. We do not know if the frequency, 
patch size, and spatial distribution of natural disturbance-generated early succes-
sional habitats will be sufficient to sustain biological diversity (or for any other 
management goal). Additional research is needed on the scale-dependence of natural 
disturbance return intervals, the interactions among specific disturbance types, the 
impact of new invasive pests, and the potential influence of climate change on the 
frequency and intensity of natural disturbance events.

�Appendix I: Base Maps of Natural Disturbances  
Within the Central Hardwood Region

The map of Hurricane Density within the Central Hardwood Region was derived 
from line coverage of historical North Atlantic tropical cyclone tracks, 1851–2000 
(NOAA 2009). The Landslide map was based on a spatial index of landslide 
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susceptibility and occurrence (Godt 1997). Raster digital data for Mean Fire 
Return Interval were obtained from LANDFIRE (US Forest Service 2006). 
Tornado density was calculated in ArcGIS using United States tornado touchdown 
points 1950–2004 (NWS 2005). The map of ice storm potential (Freezing Rain) 
was derived by geo-referencing Fig. 3.1 (a map of the annual number of days 
with freezing rain as defined by 988 weather stations from 1948 to 2000) from 
Changnon and Bigley (2005).
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Abstract  Fire helped shape the structure and species composition of hardwood 
forests of the eastern United States over the past 14,000 years. Periodic fires were 
common in much of this area prior to European settlement, and fire-resilient species 
proliferated. Early European settlers commonly adopted Native American tech-
niques of applying fire to the landscape. As the demand for wood products increased, 
large cutover areas were burned, sometimes leading to catastrophic fires and subse-
quent early successional habitats. By the early 1900s, these catastrophic fires 
resulted in political pressure leading to policies that severely restricted the use of 
fire. Fire suppression continued through the twentieth century due to an emphasis 
on commodity production and under-appreciation of the ecological role of fire. 
Without fire, fire-sensitive species were able to successfully outcompete fire-adapted 
species such as oak and pine while early successional habitats matured into older 
and more homogeneous forests. In the late twentieth century, land managers began 
reintroducing fire for ecosystem restoration, wildlife habitat improvement, hazard-
ous fuel reduction, and forest regeneration. Responsible expanded use of prescribed 
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fire and other management tools in the region could help mitigate past actions by 
increasing the amount and distribution of early successional habitats, plant and 
animal diversity, and landscape heterogeneity.

4.1 � Introduction

We live in a changing environment. Climate, drought, fire, rainfall, ice storms, wind 
storms, insects, disease, and anthropogenic activities have caused changes in eastern 
hardwood forest species and structure for thousands of years. Of these, fire has been 
a major historical influence on forest composition, structure, and vegetation dynam-
ics of the Central Hardwood Region (Lorimer 2001). Prior to European settlement, 
fire maintained the amount and distribution of early successional habitats such as 
young forest, savannah, and woodland (Ruffner 2006). At the time of Columbus’ first 
contact, eastern forests were a shifting mosaic of woodlands, savannahs, forests, and 
prairies (Van Lear and Harlow 2002). The exclusion of fire over the past century has 
reduced the historic range, acreage, and distribution of these habitats as forest 
succession has taken place in the absence of fire (Dey and Guyette 2000).

Fire greatly influences biodiversity of landscapes by providing habitats for 
different plant and animal communities. Intense, stand-replacing fires with long 
intervals between burns can create ephemeral, early successional habitats domi-
nated by shrubs, whereas more frequent burns (every 1–5 years) can maintain 
grasslands, woodlands, and shrubby habitats in an arrested state of succession. 
Different fire intensities and return intervals create different communities that 
each provide habitat for a diversity of species. For example, although 37% of 
forest birds in the Interior Highlands use forests as their primary breeding habi-
tat, 8% use grasslands, 8% use savannahs or woodlands, and 21% use habitats 
consisting of shrubs and saplings (USDA Forest Service 1999).

In the last 50 years, the area of early successional habitats have remained rela-
tively steady in the southeastern USA; however, these habitats have declined through-
out other areas of the eastern USA, and are becoming scarce in areas such as the 
Great Lakes, Central Plains, and northeastern USA (Litvaitis 2001; Trani et al. 2001). 
Among communities that have declined by greater than 98% in the eastern USA, 
55% are grassland, savannahs, or barrens and 24% are shrublands (Noss et al. 1995; 
Askins 2001; Thompson and DeGraaf 2001). Consequently, population numbers for 
many wildlife species associated with fire-dependent communities in the eastern USA 
have declined, including Ruffed Grouse (Bonasa umbellus), Grasshopper Sparrows 
(Ammodramus savannarum), Golden-winged Warblers (Vermivora chrysoptera), 
Prairie Warblers (Dendroica discolor), Brown Thrashers (Toxostoma rufum), and 
New England cottontails (Sylvilagus transitionalis) (Litvaitis 1993,2001; Thompson 
and Dessecker 1997; Hunter et al. 2001; Brennan and Kuvlesky 2005; Shifley and 
Thompson, Chap. 6). Shrub-nesting birds and species associated with shrubby, early 
successional habitats exhibit some of the steepest declines throughout portions of 
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the eastern USA (Litvaitis 2001), and many eastern forest species dependent on 
fire-modified landscapes became endangered or extinct in the last 100 years (Hunter 
et al. 2001). Because of these declines, there is an increased interest in early succes-
sional forest habitats and the critical role fire plays in creating and maintaining these 
and other communities.

Thousands of years of fire resulted in the prevalence of fire-adapted tree species, 
such as oaks. Oaks are keystone species in the forests of the eastern USA (Fralish 
2004), and acorns produced by oaks are an important food source for more than 100 
wildlife species (Martin et al. 1951; Van Dersal 1940). After thousands of years of 
fire, oak-dominated forests represented 51% of eastern forests by 1993 (Spetich 
et al. 2002). Oaks have dominated these fire-mediated environments due to traits 
that make them resilient to fire, which gives them an advantage over many other 
species. They build large, belowground reserves of carbohydrates in their root 
systems which are protected from fire. When fire kills the aboveground shoot, 
belowground carbohydrate reserves are available for new shoots to resprout rapidly 
(Dey et al. 1996). Mature oaks also have relatively thick bark that helps protect them 
from damage from ground-level fires (Van Lear and Harlow 2002). Thus, oaks can 
outcompete less fire-adapted species.

Guyette et  al. (2006b) identified five major factors controlling historic fire 
regimes − temporal, spatial, topographic, frequency of severe fires, and human 
activity. They found that drought and changes in human population density and 
culture were major influences on temporal differences in fire regimes of oak forest, 
and that human-caused fire is at least 200 times more frequent than lightning-caused 
fire in the eastern USA. Regional temperature, human population density, and topo-
graphic resistance to spread of fire (steep slopes, rivers, etc.) may be important to 
the spatial variability of fire regimes across the landscape (Guyette et al. 2006b). 
For example, as topographic roughness increases, the number of humans per km2 
necessary to reach the ignition saturation point increases. In the past, intense regional 
droughts that occurred in most of the eastern USA and Southern Ontario, Canada 
were strongly associated with severe fires (Guyette et. al. 2006a, b), and were highly 
influential during periods of numerous ignitions caused by humans. In fact, Guyette 
et al. (2006b) considered Homo sapiens a keystone species in many fire regimes, an 
idea particularly pertinent in eastern North America, where humans have been the 
primary cause of fires for thousands of years. Lightening fires account for relatively 
few fires annually (Shroeder and Buck 1970).

In this chapter, we divided fire history into three sections designated by the 
following time periods: (1) 14,000 years before present (BP) to 400 years BP, 
(2) 400 years BP to 1910 and (3) the past 100 years (1910–2010). These time 
periods are based on both the type of data available as evidence of fire and changes 
influencing fire regimes during each respective period. At the beginning of each 
section, we presented the types of data available as evidence of fire; we then  
synthesized evidence of fire for the respective time period. Our focus was on fire 
in hardwood forests throughout the eastern USA with emphasis on the Central 
Hardwood Region.
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4.2 � Fire 14,000 Years Before Present (BP) to 400 Years BP

Climate has a substantial effect on ecological communities, and the area occupied 
by eastern hardwood forests today has undergone dramatic changes over the past 
14,000 years. Evidence of tree species and fire during this period is derived from 
pollen records, subfossil oaks, dendroecology and modeling, soil charcoal, and 
archaeological studies. Prior to 18,000 years BP, spruce (Picea spp.) and jack pine 
(Pinus banksiana) occupied most of what is now the eastern hardwoods region 
(Delcourt and Delcourt 1981). However, around 10,000 years BP, concurrent arrival 
of humans and a warmer, dryer climate allowed expansion of prairies, woodlands, 
and savannah into the eastern USA (Delcourt and Delcourt 1981). Most of the veg-
etation associations we see today were in place approximately 5,000–6,000 years 
ago, although structure of these forests may differ substantially (Van Lear and 
Harlow 2002). During sustained periods of drought, trees may succumb whereas 
prairie grasses, which are highly adapted to both fire and drought, may survive 
(e.g., Anderson 1990). In the last 5,000  years, changing climate throughout the 
region likely would have replaced many grasslands with forest if these areas had not 
been burned extensively by Native Americans (Anderson 1990).

Native Americans were an active and influential part of the landscape for more 
than 12,000 years (Delcourt et al. 1993). Delcourt et al. (1998) found evidence of 
a relationship between Native American use of fire and increases in fire adapted 
species such as pitch pine (P. rigida), oaks, black walnut (Juglans nigra), and 
American chestnut (Castanea dentata) after 3,000 BP. Others have noted Native 
American use of fire for agricultural clearing and driving game (DenUyl 1954; 
Campbell 1989; DeVivo 1990; Reich et  al. 1990; Denevan 1992). Native 
Americans cleared land for agriculture in the southeast coastal plain by girdling 
and burning trees (Abrams 1992), a procedure that was likely practiced across 
much of the east. Fires set by Native Americans that were not contained by 
natural barriers burned surrounding habitats, and maintained fire-mediated early 
successional habitats.

Recent research has uncovered well-preserved trees termed subfossils. Subfossil 
oaks are ancient trees that were buried along rivers and creeks for thousands of 
years. These trees were probably buried during flood events that quickly covered the 
trees with sediment, thus preserving them. Recovery of these trees suggests oaks 
were present in the region 14,000 years BP based on 14C dating (Guyette et al. 2004). 
Some of the earliest evidence of fire lies in soil charcoal.

A method which provides rough estimates of some past fire activity is the dating 
of soil charcoal. Soil charcoal in a mixed-hardwood forest of the Cumberland 
Plateau of Tennessee indicates that fire has occurred over the past 6,700 years or 
more, but only identified a minimum of five fire events during this time (Hart 
et  al. 2008). In the Eastern Mesic Region (McNab, Chap. 2), Fesenmyer and 
Christensen (2010) examined soil charcoal in a North Carolina forest that included 
a gradient of mixed hardwood from yellow-poplar (Liriodendron tupipifera) and 
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mesophytic oak species on mesic sites to chestnut oak (Q. prinus)-pitch pine forest 
on drier sites. Of 82 radiocarbon ages, only one (10,570 year BP) was older than 
4,000 year BP. The rest of the samples dated from 0 to 4,000 year BP. They con-
cluded that fire recurrently burned throughout the area over the past 4,000 years, 
and that fires regularly burned more frequently and over a broader landscape 
during the past 1,000 years than previously.

Recent models of mean fire interval based on temperature, human population, 
and precipitation for the past 14,000 years in the forest-prairie transition of northern 
Missouri indicate fire frequency intervals (mean number of years between fires) 
decreased from about once every 18 years during the Younger Dryas period to about 
6  years today (Guyette, personal communication). The Younger Dryas period 
occurred 12,800–11,500 years ago when the climate was cold and wet, and there 
were relatively few humans in what is now the eastern USA. The main influences on 
this shortened fire return interval in recent times are increasing human population 
and increasing temperatures.

Native Americans in much of the eastern USA had a close relationship to forests 
and the wildlife within them. For example, 5,000–500 years ago in northern Arkansas, 
communities of at least 250 people were likely an important component of the eco-
system, especially where wood, water, and productive soils existed (Sabo et al. 2004). 
Oak was the most important species of fuel wood used by Native Americans during 
that period (Sabo et al. 2004). This was a time of Native American population growth 
in the area. During this period, Native Americans cultivated local plants like lambs-
quarters (Chenopodium berlandieri), little barley (Hordeum pusillum), and several 
types of squash; they also cultivated small quantities of corn (maize) (Sabo et al. 
2004). Native Americans typically used fire to maintain agricultural areas (Abrams 
1992; DeVivo 1990).

DeVivo (1990) hypothesized that prior to European contact, populations of Native 
Americans may have been much greater than previous estimates. He suggested that 
by the time Europeans began settling the interior, non-coastal areas of North America 
(nearly 200 years after Columbus landed on the continent), diseases transmitted over 
the previous 200 years dramatically reduced populations. Williams (1989) suggested 
that “in the late fifteenth century, the Western Hemisphere may have had a greater 
population than Western Europe.”

Burning during this period provided habitats for a variety of wildlife species 
associated with open conditions maintained by fire. Frequent burning favors 
herbaceous vegetation such as grasses and forbs in the understory (Lewis and 
Harshbarger 1976, also see Greenberg et al., Chap. 8), and large herbivores such 
as bison (Bos bison) and elk (Cervus canadensis) were found throughout the 
Central Hardwood Region. Other species associated with fire-maintained habitats 
such as Heath Hens (Tympanuchus cupido cupido) and Greater Prairie Chickens 
(Tympanuchus cupido) occurred in the region but are now extirpated or extinct 
(e.g., Hunter et al. 2001). Species such as Bachman’s Warbler (Vermivora bach-
manii) (likely extinct) utilized other fire-maintained habitats such as canebreaks 
(Hunter et al. 2001).
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4.3 � Fire 400 Years BP to 1910

Knowledge of forests and fire during this period comes from dendrochronological 
methods, historic accounts, anecdotal journal entries, General Land Office (GLO) 
records, and census data. We examine the influence of Native American dynamics 
and the changes that occurred during and after Euro-American settlement.

By the 1600s, Native American populations likely had declined from diseases 
introduced by Europeans (Williams 1989), with depopulation occurring across most 
of North America (Dobyns 1983; Ramenofsky 1987). Native American populations 
continued to decline in states as far west as Arkansas, with large losses documented 
during the Native American Period (1680–1820). For example, an estimated 6,000 
Quapaw lived near the convergence of the Arkansas, Mississippi, and White rivers 
prior to 1680, but were reduced to about 700 by 1763 (Baird 1980; Rollings 1995). 
Therefore, impacts of Native American fire recorded during this period may have 
been significantly less than those prior to the 1600s. Drought was also a significant 
factor in fire propagation during this time. For instance, in an Ozark fire history 
study, fire burned more than half of all sites in 1780, a major drought year in the 
Central Hardwood Region (Guyette and Spetich 2003). Other fire history studies 
have detected evidence of fire from the 1600s through the 1900s from Arkansas to 
Maryland (Shumway et al. 2001; Guyette et al. 2006a; Hutchinson et al. 2008).

Before Native Americans encountered Europeans, open forests were common. 
In the southern and central USA, oak and pine woodlands and savannahs existed 
that had developed through Native Americans using fires (Lorimer 2001). Forested 
communities were also more open than today, with tree densities about one-third 
of what they are in today’s forests. Fires can decrease stand density by eliminating 
mid-story and understory woody species. If fires are severe enough, some over-
story trees may also be eliminated, especially during drought years. General Land 
Office notes and land survey records for the Ozark Mountains of Arkansas from 
1818 to the 1850s indicated tree densities ranged from 124 to 133 trees per ha, and 
oaks represented 70% of the survey record trees in the Boston Mountains (Foti 
2004). Today, these forests are three times as dense, likely because of fire suppres-
sion that occurred after 1910 (Foti 2004). The historic low density of trees in the 
1800s is further supported by Beilman and Brenner (1951) who described the 
forests as open woodlands with ground-level flora consisting of prairie species, 
also suggesting frequent fires. Before fire suppression occurred in oak forests of 
eastern North America, major fire years occurred approximately 3.6 times per 
century (Guyette et al. 2006b).

By the mid-1800s, Euro-Americans were well established across much of the 
eastern USA and had a significant impact on forest dynamics and conditions. 
European settlement included tree harvest for mine timbers, building materials, and 
charcoal, and land clearing for agriculture and grazing (Pearse 1876). Euro-
Americans also adopted Native American practices of applying fire to the land-
scape. In the Boston Mountains of Arkansas, dendrochronological methods indicated 
return intervals of 11 years for the Native American Period (1680–1820), 2.7 years 
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for the Euro-American Settlement period (1821–1880), 2.9 years for the Regional 
Development period (1881–1910), and more than 80 years for the period of Fire 
Suppression (1911–2000) (Guyette and Spetich 2003). Furthermore, historic fires 
were most frequent in the southern USA, decreasing in frequency as one moves 
northward (Guyette et. al 2010).

Vast areas of savannah and prairie were also maintained by fire. The tallgrass 
prairie region that extended from eastern North Dakota to central Texas to western 
Indiana once covered approximately 575,000 km2 (Kuchler 1964). By the time 
settlers arrived on this landscape, oak savannahs had become a significant part of the 
tallgrass region, covering up to 13 million ha (Nuzzo 1986). However, these prairies 
and savannahs were only remnants of their former extent by the 1800s (Noss et al. 
1995). After settlement, fire frequency and intensity decreased in the prairies and 
savannahs to a level favorable for oak establishment. Today, nearly all of what was 
once tallgrass prairie and savannah has been converted to farmland or forest (Abrams 
1992), and only 0.02% of oak savannahs existing during European settlement 
remains (Dey and Guyette 2000).

Descriptions of frequent and widespread use of fire in the eastern USA are often 
found in historical accounts. For instance, Mudd’s 1888 publication, “The History 
of Lincoln County, Missouri, from the earliest time to the present” states:

Annually, after this rank growth of vegetation had become forested and dry, the Indians set 
fire to it and burned the entire surface of the country.

Other historical accounts in the region support the incidence of fire. For example, 
Brackenridge’s Journal (1816) of a Voyage up the Missouri River in 1811 states that:

…not withstanding the ravages of fire, the marks of which are everywhere to be seen, the 
woods, principally hickory, ash, and walnut formed a forest tolerably close

Most of those fires appeared to be of human origin. For instance, Guyette et al. 
(2006b) used a quantitative approach to estimate historic human-caused fires, 
determining that human-caused fires occurred at least 200 times as often as 
lightning-caused fires. This estimate was based on a conservative approximation for 
the number of humans per km2 in the eastern USA at the time of first contact with 
Europeans, so actual frequency of fire at that time could have been higher. Lorimer 
(2001) also concluded most historic fires were caused by humans. However, only 
one dendrochronological study has quantitatively linked fluctuations of Native 
American populations with fire in North America. In northern Arkansas, the 
Cherokee population increased and decreased in unison with fire frequency (Fig. 4.1) 
(Guyette et al. 2006a). During drought years, fires burned large areas (26–58%) of 
Arkansas and Missouri Ozark sites at approximately 8.5  year intervals (Guyette 
et al. 2006a). In fact, extensive fire occurred more often during drought years in the 
1700s, and fires likely achieved sizes unmatched during the century before.

A national census of fire in the USA for the year 1880 (Sargent 1884) further 
illustrates the impact of humans on the propagation of fire across the USA at that 
time. According to this census data, at least 98.5% of all fires in 1880 were human 
caused. Further, land clearing by farmers represented the greatest single source of 
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fire (38.6%) in 1880 because their brush fires often spread to surrounding forests. 
The second and third most important sources of fire were hunters (21%) and 
locomotives (17%). Fires caused by lightning represented only 1.1% of all fires, 
supporting the assertions by Guyette et al. (2006b) and Lorimer (2001) that light-
ning was of minor importance in fire propagation. Prairie fires, which could have 
been natural or human caused, represented 0.4% of all fires (Fig. 4.2). The second-
most important damaging agent to forests in 1880 was browsing from domestic 
animals that were turned out into the forest to graze. Burning in these forests was 
done to improve forage in open-woods grazing (Sargent 1884). Grazing also likely 
further impacted forest structure and species dynamics.

Among states within the Central Hardwood Region, the states with the most acres 
burned in 1880 (Fig. 4.3) were Tennessee, Arkansas, and Missouri (Sargent 1884). At 
that time, western Tennessee was still largely forested, whereas the central area 
of Tennessee had been mostly cleared for farmland. In Arkansas, forests still covered the 
state with only isolated prairies north of the Arkansas River. However, Sargent (1884) 
noted the forests of Arkansas seemed to have relatively little damage from fires. The 
southeastern part of Missouri was still largely forested in 1880, but the southern and 
southwestern portions of the state, though once densely forested, were cut-over by 1880. 
By 1880, wooden barrel makers in Missouri were forced to obtain stock from Arkansas.

Lorimer (2001) reviewed disturbance in eastern North America and described 
differences in disturbance regimes among northern mesophytic hardwood forests and 
the oak-pine forests further south (also see White et al., Chap. 3). In northern hard-
woods, catastrophic wind disturbance was the dominant disturbance regime; however, 
in central and southern USA oak-pine forests, fire was a dominant factor. Disturbances 

Fig. 4.1  Comparison of Cherokee population density and fire frequency in the Boston Mountains 
of Arkansas (figure adapted from data in Guyette et al. (2006a))
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in northern forests resulted in relatively low amounts of early successional forest 
(less than 15 years old), which comprised less than 1–13% of the landscape. However, 
savannah and grassland occupied as much as 65% of the landscape in parts of the 
Midwest, where they were intermixed with oak woodlands and forest.

Fig. 4.2  The causes of fire in the USA in 1880 (data for this illustration from Sargent (1884))

Fig. 4.3  Acres burned in 13 of the 14 states that fall within the Central Hardwood Region during 
1880 (constructed from data in Sargent (1884). Note that Oklahoma did not return census data)
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During this period wildlife was exploited by European settlers, and many species 
associated with fire-maintained communities were extirpated or became extinct. 
Timber harvest, land clearing, and wildfires created substantial areas of early 
successional habitats. From 1750 to 1880, forest cover in most of the eastern and 
Midwest USA declined to 10–30% of the landscape (Whitney 1994; Lorimer 2001). 
However, many of the remnant forests were young. For example, by 1885, over 75% 
of forest land in Massachusetts was less than 30 years old (Foster et al. 1998; Lorimer 
2001). Overhunting of wildlife considered game in the 1800s reduced or eliminated 
many species, including Passenger Pigeons (Ectopistes migratorius) and Heath Hens. 
The last bison east of the Appalachian Mountains was killed in 1801 and native elk 
were extirpated from Pennsylvania by 1867 (Matthiessen 1987). Most bison and elk 
were gone from the Ozarks by the 1830s and 1840s (Schwartz and Schwartz 1981; 
Sealander and Heidt 1990). However, many nongame species associated with early 
successional habitats likely increased due to expanding habitat and reductions of 
predators such as bobcat (Lynx rufus), red wolf (Canis rufus), and mountain lion 
(Puma concolor). For example, naturalists in the late 1800s and early 1900s described 
dramatic population increases of several warblers associated with early successional 
habitats in response to increased habitat availability (Morse 1989; Litvaitis 1993).

As the country’s demand for wood products increased, large areas were harvested, 
leaving miles of logging slash as potential fuel for severe fires to spread unchecked. 
Notable fires that occurred in the eastern USA during this time period included a fire 
in 1871 that burned 45,000 ha in Wisconsin and Michigan. This fire was actually a 
series of simultaneous forest fires fueled in part by large areas of logging slash. Ten 
years later, a similar fire consumed 40,000 ha in Thumb, Michigan. Thirteen years 
later, a fire consumed more than 1,000 km2 around Hinckley, Minnesota. These fires, 
combined with fires that occurred in the early 1900s, helped prompt the development 
and implementation of policies on fire suppression.

4.4 � The Past 100 Years (1910–2010)

Knowledge of fire, or lack of it, during this time period is derived from written 
records, research studies, and quantitative research information. Notable fires in the 
eastern USA just before and during this period included a fire in 1903 that burned 
more than 24,000 ha in the Adirondack Park of New York. In 1918, the Cloquet fire 
in northern Minnesota consumed 10,000 ha, killed 453 people, injured or displaced 
52,000 people, and destroyed 38 communities. Forest fires also destroyed more than 
7,000 ha of woodland during Maine’s “Great Fires of 1947.”

These eastern fires were important in influencing the suppression policies of the 
past century because they occurred in highly populated areas of the United States. 
However, fires in the western USA also had substantial influence on policy. For 
instance, the “Big Blowup of 1910,” was a western fire that burned more than 2 mil-
lion ha of forest in Washington, Idaho, and Montana. Eighty-seven people, including 
78 fire fighters, died during this fire. The political impact of these and other major 
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fires prompted the US Forest Service to make protecting the forest from such fires its 
mission (Egan 2009; Pyne 2001). This mission was later exemplified in the story and 
image of Smoky Bear.

As the forestry profession began to emerge in the late 19th and early 20th centuries, 
foresters educated and trained in Europe (particularly Germany) and the northeastern 
USA did not understand that certain local ecosystems depended on fire, and thus 
disdained the practice of woods burning (Donovan and Brown 2007). Although some 
foresters privately admitted that fire could be a useful management tool (Carle 2002), 
the US Forest Service worried that acknowledging the useful role of fire would be 
confusing to the public (Donovan and Brown 2007). By the 1920–1930s, an all-out 
campaign was waged by the federal government to curtail the use of fire across the 
landscape. State forestry agencies received funding through the Clarke-McNary Act 
of 1924, but these funds were withheld from states if they tolerated forest burning 
(Johnson and Hale 2002). Both the American Forestry Association and the US Forest 
Service distributed literature and provided movies discouraging the practice of woods 
burning (Bass 1981; Johnson and Hale 2002). However, some early professionals 
including foresters, botanists, and wildlife professionals had already established the 
importance of burning (e.g., Harper 1962; Schiff 1962). For example, Stoddard 
(1931) indicated that controlled burning was necessary to retain plentiful Bobwhite 
Quail (Colinus virginianus). Despite these policies, fire suppression wasn’t effective 
or well accepted across many parts of the Midwest until the 1950s.

Due to these extensive fire-suppression efforts, between the 1920s and the 1940s, 
some areas of forest began to transform from open woodland conditions maintained 
by fire, harvesting, and grazing (Fig. 4.4) to more closed conditions (Fig. 4.5). One 
result of fire suppression was a gradual shift in composition of tree species, and oaks 
were replaced by other species (Abrams 1992). In what was once the tallgrass prairie 
region of Missouri, white oaks (Q. alba) are being replaced by sugar maples (Acer 
saccharum) (Pallardy et al. 1988), and in an Indiana old-growth forest, there has been 
a dramatic shift from oaks to sugar maples since 1926 (Spetich and Parker 1998). 
Spetich and Parker (1998) found biomass of regenerating oak was 14% and sugar 
maple was 12% of stand totals in 1926, but oaks represented only 1% of the regener-
ating biomass and sugar maple comprised 43% by 1992. Similar shifts in species 
composition of midwestern old-growth forests have been reported (e.g., Johnson 
et al. 1973; Cho and Boerner 1991; Shotola et al. 1992). Mortality in an Appalachian 
old-growth forest shifted species dominance from oak and hickory (Carya spp.) to 
forests dominated by sugar maple and yellow-poplar (McGee 1984).

During this period, forests of the eastern USA were also heavily impacted by 
timber harvest, and large areas of cutover forest existed by the 1920–1930s. Many of 
these areas, which were early successional forests at that time, are now at the complex 
or mixed stage (Johnson et al. 2002). Numerous other areas across the eastern USA 
are also currently undergoing shifts in species composition (Lorimer 2001).

Shifts in species composition related to fire exclusion occurred concurrently with 
the loss of another dominant tree species in the eastern USA, the American chestnut. 
The American chestnut was an important component of the eastern hardwood forest 
for thousands of years until a fungus (Cryphonectria parasitica) was introduced in 
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the early 1900s (Delcourt and Delcourt 1997; Dane et al. 2003). The increase of 
deadwood due to chestnut blight mortality was feared to create a fire hazard, spur-
ring rapid removal of dead or dying trees, particularly in the southern states (Zeigler 
1920). Change in fire regimes, coupled with other major land disturbances such as 
loss of American chestnut, land-clearing for agriculture, grazing by domesticated 
animals, and large-scale logging created an ideal habitat for further recruitment of 
disturbance dependent red oak (Abrams 2006).

Because of the heterogeneous nature of historic fires across landscapes, eastern 
forests were likely a mosaic of frequently burned and rarely burned areas, and species 
that were not fire-adapted, such as maples (Acer spp.), were likely retained throughout 
landscapes. How historic fire affected American chestnuts is unclear. American chest-
nuts may have benefited from fire, which reduced canopy cover and competition. One 
early account suggests that frequent fires may have been unfavorable for chestnuts 
(Russell 1987). However, more recent research suggests that fire may be required for 
optimal conditions for chestnut growth (McCament and McCarthy 2005).

The American chestnut shares similar regeneration and growth strategies 
with oaks, such as prolific sprouting capabilities (Matoon 1909; Paillet 1984, 1988), 
and chestnuts tended to sprout vigorously after cutting or burning (Russell 1987). 
Chestnut was frequently grown from coppice to provide timber because of its ability to 
resprout, and its dominance in the early 1900s in many areas may have been a result 

Fig. 4.4  Photograph illustrating the open conditions typical prior to fire suppression (photograph 
from John McGuire 1941 MS thesis on “The Sylamore Experimental Forest” Note: John McGuire 
later became Chief of the US Forest Service)
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of cutting in the eighteenth and nineteenth centuries (Russell 1987). Consequently, 
low-intensity fire likely contributed to its spread. However, chestnuts rarely repro-
duced from seed (Pinchot 1905). Reproduction and subsequent recruitment through 
seed regeneration was probably limited by frequent fire (Graves 1905). Once estab-
lished, chestnut likely responded similarly to northern red oak (Q. rubra). It could 
grow quickly when exposed to canopy openings, but could also survive in a shaded 
understory for a number of years (Paillet 2002; McCament and McCarthy 2005).

Fig. 4.5  Photograph illustrating the typical closed vegetation conditions that occurred after fire 
suppression early in the 1900s (photograph from John McGuire 1941 MS thesis on “The Sylamore 
Experimental Forest”)
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Little information exists on how chestnuts responded to fire after planting, but 
historical and recent field and laboratory experiments indicate chestnut is a strong 
competitor in disturbed stands (Jacobs 2007). Additionally, a positive relationship 
was found between litter depth and presence of blight cankers on trees in Ontario 
(Tindall et  al. 2004), suggesting that fire, which reduces litter depth, may help 
reduce infection from virulent strains of chestnut blight.

Changes in upland hardwood forests from fire suppression are likely altering 
species dynamics in eastern forests of the USA. On medium- to high-quality sites, 
successful regeneration and recruitment of oaks into forest overstories is lacking. 
Oak reproduction often fails to attain dominance under current disturbance regimes 
that lack fire; current regimes favor shade-tolerant species or species with faster 
juvenile growth. This has produced oak-dominated forests with natural oak regen-
eration and recruitment insufficient to sustain current levels of oak stocking. For 
instance, a review of historical data over the past century found that old-growth 
forests have a successional tendency toward shade tolerant or fire-sensitive species 
such as red (A. rubrum) and sugar maple (McCune and Mengis 1986).

Land managers, foresters, and wildlife biologists in the latter part of the twentieth 
century began to implement burning into management plans for multiple reasons, 
including reducing hazardous fuel loads, regenerating target tree species, and 
improving wildlife habitat. In the 1940s, controlled burning as a management tool 
was accepted in the southeastern USA, where fire-maintained pine woodlands were 
prevalent (Johnson and Hale 2002). As early as the 1950s, the US Forest Service 
was burning more than 100,000  ha, and in the 1960s they expanded controlled 
burning outside the longleaf pine (P. palustris) communities (a fire-dependent eco-
system) in the southeastern USA (Reibold 1971; Johnson and Hale 2002). Policies 
against burning by the National Park Service were reversed in 1967 to allow burning 
for ecosystem restoration and maintenance (e.g., Hendrickson 1972). The 
Endangered Species Act was passed in 1973, and one of the first species deemed 
endangered was the Red-cockaded Woodpecker (Picoides borealis), which was 
associated with fire-maintained pine woodlands of the southeastern USA. By the 
1970s, managing habitats with fire for non-game wildlife became more widespread 
(Johnson and Hale 2002). The importance of fire to many ecosystems across the 
eastern USA is now recognized, and land managers are increasingly utilizing fire 
for ecosystem restoration and improved forest health throughout the region.

4.5 � Conclusions

From 12,000 B.P. to 400 B.P., there is general agreement that Native Americans 
had a major influence on the vegetation of eastern North America through the use 
of fire. From 400 B.P. to 1910, fire frequency was relatively high throughout most 
of eastern North America. Catastrophic fires throughout the USA in the late 1800s 
and early 1900s led to fire suppression policies in USA forests. Fire suppression 
has contributed to shifts in species, structure, and density and the reduction of early 
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successional habitats in many eastern forests over the past century. Science-based 
management of forest ecosystems in the latter part of the twentieth century began 
reintroducing fire to forest communities. It appears that prescribed fire will be 
needed to restore fire-dependent systems such as oak, oak/pine, woodlands, and 
savannahs; and to restore certain species such as the American chestnut.
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for reviewing this manuscript and to Betsy L. Spetich for editorial guidance.
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Abstract  Early successional habitats can be created with a broad array of silvicultural 
techniques that remove all or most canopy trees in one to several cuttings and small 
to large patch sizes. Composition and early structural development of the resulting 
vegetation can be variable. Arborescent species composition is a function of regen-
eration sources already present and those that arrive during or after the cutting. The 
suite of species available for regeneration of a site, large or small, is a cumulative 
effect of disturbances and varies across multiple environmental gradients that 
include moisture, elevation (temperature), and soil chemistry.

5.1 � Introduction

Regeneration activities in managed forests create forest stages with characteristics of 
early successional habitats such as low dense vegetation and openness overhead 
(Greenberg et al., Chap. 1). Where management is used to achieve multiple objectives 
(e.g., wood products and both young, open habitats and older, closed-canopy habitats 
for a range of wildlife species), regenerated areas provide transient early successional 
habitats during the early years of stand development. Oliver and Larson (1990) pro-
posed a classification of stages of stand development that applies well to arborescent 
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vegetation development following regeneration cuts that remove all or most of the 
overstory in one cut or several cuts within a decade or two. The stand initiation stage 
is the period of the early growth of individuals that existed in the understory prior to 
cutting (advance reproduction), stump and root sprouts from harvested trees, and 
seedlings that become established after cutting. Within a few years, growth of regen-
erating individuals and expansion of their crowns results in canopy closure, after 
which establishment of new seedlings ceases and many stems in a subordinate crown 
position die. This process marks the beginning of the stem exclusion stage, and typi-
cally occurs at about 10  years after cutting in hardwood forests of the Central 
Hardwood Region (Johnson et al. 2009; Nyland 1996). The stem exclusion stage can 
last many years and is followed by the understory reinitiation stage in which herba-
ceous, shrubs and tree regeneration become more prominent in the understory. The 
old-growth or complex stage (Johnson et al. 2009) follows, characterized by intersper-
sion of the closed canopy environment, with canopy gaps created by overstory mortal-
ity. Where gaps are large enough to prevent crown closure by lateral crown growth of 
surrounding trees, the stand initiation stage may be triggered at the gap scale (Peet 
1992). In hardwood forests of the Central Hardwood Region, early succesional habi-
tats are provided in the stand initiation stage and the first few years of the stem exclu-
sion stage, generally up to 15 years after the cutting that initiates regeneration.

5.2 � Regeneration Methods

Tree harvests that replace an existing stand of trees with new age-classes (cohorts) 
are classified as regeneration methods. In the USA, these methods are usually clas-
sified by the number of cohorts created and maintained (even-aged, two-aged, and 
uneven-aged (3 or more)) and further distinguished by the timing and pattern of 
removal of the existing stand (SAF 1998). The following discussion deals with 
natural regeneration methods, or methods that rely on naturally occurring, rather 
than artificially-introduced regeneration sources.

5.2.1 � The Clearcutting Method: Structure

Clearcutting is an even-aged method. The new cohort develops in the very open 
microenvironment created when all existing trees are cut. In the first 2–3 years after 
cutting, during the stand initiation stage, tens of thousands of stems per hectare 
become established from seedlings and saplings that existed on the site at the time of 
the cutting (i.e., advance reproduction), or from stump and root sprouts of harvested 
trees (Table 5.1). This response occurs over a wide geographic area, and, notably, 
over a broad range of site quality (as evaluated by the authors cited). As stands 
approach age 10, a distinct canopy begins to develop, and stands begin the transition 
to the stem exclusion stage. Stem density remains high as thousands of stems per 
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hectare compete for growing space and self-thinning begins. Again, at this age, there 
is no apparent relationship between stem density and site quality. Over the next few 
years, reduction in stand density through self-thinning and increasing canopy height 
(Beck and Hooper 1986) reduce the cover value for wildlife species such as Ruffed 
Grouse (Bonasa umbellus) (Dessecker and McAuley 2001).

5.2.2 � The Shelterwood Method: Structure

In the shelterwood method, trees retained after an initial cut moderate the regeneration 
microenvironment. These overstory trees, or overwood, typically are removed in 
one or more removal cuts within a decade or two of the initial cut. In one variant of 
the shelterwood method, an overstory sparse enough to allow for the long term 
development of the new cohort is retained and results in a two-aged stand.

Shelterwood cuts can be separated into two structural and composition categories. 
In the first category, residual overstory density is low enough after the initial cut that 
regeneration density and species composition are similar to those after clearcutting 
(i.e., there is no differential species response to the environmental conditions created 
by the residual overstory density). In the second category environmental conditions 
created by a higher level of residual canopy density after the initial cut do result in 
differential species response of regeneration sources present at the time of the cut. 
Subsequent removal cuts in these shelterwoods will result in structural development 
similar to shelterwoods in the first category and to clearcuts, but with altered species 
composition due to the changes in the size structure and composition of the regenera-
tion sources (see discussion of species composition below).

Regeneration development in the first category of shelterwood cuts and following 
the removal cuts in the second category of shelterwood cuts follows the same pattern 
as in clearcuts (Table 5.2). Very high initial stem densities diminish over time as the 
canopy of the new age-class closes. As a result, along with the early successional 
habitats provided by the substantial reduction in overstory trees, the shelterwood cut 
retains some remnant structure from the stand being harvested. It would be possible, 
for example, to harvest using a shelterwood method, providing both early succes-
sional habitats, and retention of some mature oak (Quercus spp.) trees to sustain some 
acorn production to benefit wildlife species that eat acorns (Greenberg et al., Chap. 8) 
that would not be possible with the clearcutting method. One might also retain trees 
that have cavities to benefit wildlife for either a few years in the case of conventional 
shelterwoods or for much longer periods of time in the case of two-aged stands.

5.2.3 � Selection Methods: Structure

Uneven-aged methods create and maintain three or more cohorts using the single-
tree and group selection methods. In the single-tree selection method, individual 
trees are removed periodically and more-or-less throughout the stand to provide 
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growing space for regeneration while still maintaining a relatively dense stand of 
trees. The relatively continuous canopy characteristic of single-tree selection and 
lack of canopy openness do not provide characteristic early successional habitats 
(Nyland 1996).

Group selection involves periodic removal of groups of trees, creating openings 
that might range between 0.1 and 0.4 ha, and results in a mosaic of relatively small 
patches of regeneration throughout the stand. As with the clearcutting and shelter-
wood methods, group selection provides the high stem density and overstory open-
ness characteristic of early successional habitats (Table 5.3). In patch sizes from 0.1 
to 0.4 ha (which meets the technical definition of group selection for eastern hard-
woods (SAF 1998)), data generally do not suggest a strong relationship between 
stem density and patch size. In group selection, the condition of high density of 
small stems and overstory openness characteristic of early successional habitats is 
interspersed with more mature, closed-stand conditions. Further, within any given 
stand the aggregate amount of early successional habitats is less, by design, than in 
even-aged methods.

From a structural standpoint, clearcutting, shelterwood and group selection 
methods can all provide the low, dense vegetation and overstory openness characteristic 
of early successional habitats. In shelterwood methods with low residual basal areas 
after the initial cut, stem densities, although quite variable from stand to stand, show 
no relationship to the residual overstory basal area for the period of time the over-
wood remains intact. These stem densities are similar to those observed in clearcuts. 

Table 5.3  Stem density (stems/ha) following group selection in upland hardwood forests across 
the Central Hardwood Region

Location
Years after 
cutting

Opening  
size (ha)

Stems  
per ha Size cut-off

Site indexa 
(m) Citation

Ohio   2 0.1 59,029 All 23–29 Sander and Clark 
(1971)

Ohio   2 0.2 44,253 All 23–29 Sander and Clark 
(1971)

Ohio   2 0.3 43,931 All 23–29 Sander and Clark 
(1971)

Ohio   2 0.1 29,626 All 17–22 Sander and Clark 
(1971)

Ohio   2 0.2 31,532 All 17–22 Sander and Clark 
(1971)

Ohio   2 0.3 31,655 All 17–22 Sander and Clark 
(1971)

Indianab   6–10 0.07–0.23 10,300 ³2.5 cm dbh N/A Weigel and Parker 
(1997)

North 
Carolina

10 0.1–0.2 10,065 ³0.5 cm dbh 24 W.H. McNab 
(unpublished)

Indianaa 11–15 0.07–0.23 12,000 ³2.5 cm dbh N/A Weigel and Parker 
(1997)

aSite index (SI) is the height (m) of a tree at 50 years of age and is used as an indicator of site 
quality
bEstimated from graphical values
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In group selection, stem densities show no strong relationship to patch size in the 
range of 0.1–0.4  ha and are similar those in the clearcutting and shelterwood 
methods. There is some evidence to suggest, however, that stem densities are related 
to site quality. Minkler’s (1989) group selection study that compares north and south 
slopes, Sander and Clark’s (1971) group selection data for good and fair sites, 
and Johnson et al.’s (1998) study of two-aged stands comparing stands on mesic 
sites and intermediate sites in West Virginia and more xeric sites in the Ridge and 
Valley Province of Virginia suggest higher stem densities on more productive sites. 
In contrast, graphical data provided by Weigel and Parker (1997) following group 
selection show no difference in stem density between openings created on northern 
and southern aspects with >10,000 stems per hectare >2.5 cm in diameter at breast 
height (dbh) observed regardless of aspect, and data from the Cumberland Plateau 
(Schweitzer, unpublished) show no difference in stem density between clearcuts on 
the mesic escarpment and the xeric top of the plateau.

Structural differences among the clearcutting, shelterwood and group selection 
methods are related in one way or another to retention, or lack of retention, of trees 
as stands are being regenerated. Many variations of the shelterwood method provide 
not only the same quality and scale of early successional habitats as the clearcutting 
method, but also the structural and compositional functions provided by residual 
overstory trees. The residual trees may be retained for a relatively short period of 
time – 5–15 years – or for an extended period of time at very low densities.

Group selection, over time, provides a mosaic of small patches in different stages 
of stand development. The relatively small patch size of group selection openings 
(0.1–0.4 ha) provides adequate early successional habitat for some animals but may 
not by sufficiently large for others (Dessecker and McAuley 2001; Shifley and 
Thompson, Chap. 6). The effect of differing spatial distributions of patches and road 
corridors that provide connectivity among them may be a fruitful area for research.

5.3 � Species Composition of Regeneration

While some might argue that the structure of regeneration is the more important fac-
tor in early successional habitats, arborescent species composition of naturally regen-
erated stands has been a major focus of research in the Central Hardwood Region.

The past century’s rich body of literature on secondary succession provides 
constructs for understanding species composition of regeneration following the 
application the various methods discussed above. One of the most interesting ideas 
related to timber harvest comes from Clements (1916):

In all cases of burning or clearing the intensity or thoroughness of the process determines 
whether the result will be a change of vegetation or the initiation of a sere. The latter occurs 
only when the destruction of the vegetation is complete, or so nearly complete that the 
pioneers dominate the area. Lumbering consequently does not initiate succession except 
when it is followed by fire or other process which removes the undergrowth.

Frederick E. Clements
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Clements’s observation raises the question of whether the use of successional 
terminology associated with seral stages (i.e., early succession, mid-succession, 
late succession) is appropriate for characterizing the compositional development 
of arborescent vegetation after timber harvest. His statements also highlight the 
role of propagules present in a stand prior to disturbance and that persist through 
disturbance in influencing the potential of the next stand. Other ecologists have 
also recognized the importance of propagules (or regeneration sources) present 
prior to disturbance. An extension of Egler’s (1954) concept of Initial Floristics to 
forest management suggests that species composition after significant overstory 
removal is a function of regeneration sources that survive the disturbance plus 
new individuals that arrive during or after the disturbance (Kimmins 1997). In the 
vital attributes approach of Noble and Slatyer (1980) (Cattelino et al. 1979), the 
first vital attribute of a species is whether it persists through disturbance or arrives 
after disturbance. Other vital attributes of species deal with environmental condi-
tions necessary for establishment and growth rates of regeneration sources. The 
silviculture literature has long recognized the multiple sources of hardwood 
regeneration. In hardwood silviculture application of natural regeneration meth-
ods typically attempts to utilize or enhance advance regeneration to influence 
stand composition.

An example of the importance of advance reproduction and influence of site 
quality (or position of a site along environmental gradients) in determining out-
comes is oak regeneration, (see Johnson et al. 2009 for a complete discussion of 
regeneration and other topics in oak ecology and silviculture, as well as an 
extensive bibliography). It has long been known that oak regeneration depends on 
advance reproduction and sprouts from harvested trees in most upland hardwood 
forests (Leffelman and Hawley 1925; Liming and Johnson 1944; Sander and 
Clark 1971; Sander 1971; Loftis 1983b; Sander et al. 1984; Beck 1988; Johnson 
1989). Further research established that success of oak advance reproduction is 
related to stem size at the time of canopy removal. In other words, the probability 
of an individual stem becoming dominant or codominant (dominance probability) 
in the new cohort that develops after substantial overstory removal increases with 
increasing groundline diameter or height of the advance reproduction (Sander 
1971; Sander et al. 1984; Loftis 1990a). This research also established that the 
dominance probability for an advance oak stem of a given size decreased with 
increasing site quality, or more generally, from xeric to mesic sites. This inverse 
relationship is a function of increasing competition from other, faster-growing 
tree species with increasing site quality. The dominance probability for stump 
sprouts is also related to stem size (i.e., dbh). However, for stump sprouts, domi-
nance probabilities decrease with increasing stem size, largely because the prob-
ability of sprouting decreases with increasing stem size (Johnson 1977; Weigel 
and Johnson 1998).

Johnson (1977) also notes that on more xeric sites with a more open canopy, oak 
seedlings that establish after good acorn (seed) crops tend to survive and accumulate 
over time beneath the canopy. On more mesic sites, disturbance, whether natural or 
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silvicultural, is required for survival and growth of newly established oak seedlings 
(Loftis 1983b).

Based on these relationships, it is not surprising that successful oak regeneration 
is a common outcome of the regeneration methods listed above on xeric sites. 
Advance reproduction is relatively abundant after release, and competitive with 
regeneration sources of other species that occur on xeric sites. Stump sprouts (which 
are generally more abundant from stumps of smaller oak trees) provide an addi-
tional source of oak regeneration. The establishment of new oak stands after regen-
eration cuts is a likely outcome in the Western Dry Region of the Central Hardwood 
Region (see McNab, Chap. 2, Fig. 2.1) on all but the most mesic sites (on a relative 
scale)(Johnson et al. 2009). This outcome, however, is more restricted as one moves 
eastward to the Transition Dry Mesic and Central and Eastern Mesic subregions 
(Fig. 2.1), where a larger portion of the forested landscape would be classified as 
intermediate or mesic on the moisture gradient. Establishment of new oak stands or 
cohorts is still a common outcome after regeneration harvests, but is restricted to the 
more xeric end of the moisture gradient.

More species occur on intermediate and mesic sites than on xeric sites. In the 
Cumberlands and Southern Appalachians, stands on intermediate and submesic 
sites frequently have 20 or more arborescent species. A few of these, notably 
yellow-poplar (Liriodendron tulipifera), can regenerate and compete successfully 
from new seedlings established after harvest. Most species, however, depend on 
advance reproduction and stump sprouts as the source of future dominant and 
codominant stems (Johnson 1989; Beck 1988; Loftis 1989). Oaks often dominate 
the overstory of stands on intermediate sites and can be prominent on mesic sites. 
The application of regeneration harvests, however, frequently results in stands or 
even quite small openings (group selection) dominated by yellow-poplar (McGee 
1975; McGee and Hooper 1975; Beck and Hooper 1986; Loftis 1983a, b, 1985, 
1989; Beck 1988). Only where large oak advance reproduction is present prior to 
harvest does oak compete successfully after harvest with yellow-poplar (Loftis 
1983a, b, 1990a). Dey (1991) found that pre-harvest size was also an important 
determinant of post-harvest growth for other advanced growth dependent species; 
like oak, these species must be present as large advance reproduction prior to dis-
turbance to increase their likelihood of being represented in the new stand. It is 
likely that variation in species composition of regenerating stands is largely due to 
variation in the amount and size distribution of advance reproduction of all species 
present at the time of substantial overstory removal (Loftis 1989). For example, 
results from shelterwood cuts on the escarpment of the Cumberland Plateau illus-
trate the variability in regeneration outcomes on mesic sites (Schweitzer in prep; 
Table 5.4). In Table 5.4 yellow-poplar, which is commonly considered an “early 
successional species” is abundant in clearcuts, the 25% retention shelterwoods and 
50% retention shelterwoods. Note, however, that white ash (Fraxinus americana) 
and sugar maple (Acer saccharum), both of which depend on advance reproduction 
and are usually associated with later stages of succession, are also abundant after 
application of all three methods (Table 5.4).
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As suggested in Sect. 5.1, there appears to be a level of basal area retention 
(category 1 shelterwoods) below which differences in species composition are due 
to differences in composition and size structure of advance reproduction prior to 
harvest rather than the basal area retained after harvest. This level appears to be 
about 50% of the pre-harvest basal area in the Southern Appalachians and the 
Cumberland Plateau. That is, species composition outcomes are essentially the 
same in cuts ranging from 0% basal area retained to 50% basal area retained, and is 
a function of composition and size structure of advance reproduction at the time of 
the initial harvest. This response assumes that overwood is removed in 5–15 years 
after the initial cut. Other areas within the Central Hardwood Region differ in the 
residual stocking level at which this response occurs.

If the amount and size distribution of advance reproduction of all species is impor-
tant in determining species composition following a regeneration harvest, one must 
consider the factors that influence the variation. Variation in regeneration outcomes 
from stand to stand is a function not only of site quality, which determines the suite 
of species that grow on sites, but also the cumulative effect of disturbances and other 
events (e.g. seed production) that occur in the last few decades leading up to the 
regeneration harvest. We have shown experimentally that treatments that modestly 
alter the light environment on intermediate and mesic sites can substantially alter 
the size distribution of oaks and many other species that depend on advance repro-
duction (Loftis 1990b) (Table 5.5). Natural (and stochastic) disturbances such as ice 
(McNab et. al. 2006) and wind (Berg and Van Lear 2004) result in a range of light 
environments in stands subjected to these disturbances (see White et al., Chap. 3). 
Silvicultural treatments can be implemented in the decade (or more) prior to substan-
tial overstory removal associated with a regeneration harvest to alter development of 
advance reproduction and, therefore, species composition after a regeneration harvest.

5.4 � Summary

Early successional habitats—low dense vegetation and openness overhead—can be 
created using several regeneration methods. The clearcutting method, variations of 
the shelterwood method that leave mid- to low levels of residual trees and provide 
for timely removal cuts, and the group selection method all provide for early succes-
sional habitats. In all cases, structural changes associated with growth and self-
thinning limit early successional habitats to about the first 15  years of stand or 

Table 5.4  Number of stems ha–1 >1.4 m in height and <15.2 cm diameter at breast height 8 years 
following a clearcut, a shelterwood with 50% basal area retention, and a shelterwood with 25% 
basal area retention on the Cumberland Plateau, Tennessee, USA (Schweitzer in prep.)

Species Treatment clearcut 25% retention 50% retention

Fraxinus americana 2,140 764 1,082
Acer saccharum 1,282 1,046 1,470
Liriodendron tulipifera 3,175 964 1,529
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cohort development. Although there is some indication that density does vary with 
site quality (xeric to mesic), the vegetation, by any measure, is dense. The shelter-
wood and group selection methods, which retain mature trees in stands for varying 
periods of time, provide early successional habitats with the possibility of greater 
structural complexity.

Species composition resulting from the regeneration methods discussed is 
affected by the amount and size of advance reproduction present at the time of a 
regeneration harvest that removes a substantial part of the overstory. The amount 
and size of  advance reproduction present at the time of a harvest is influenced by 
disturbance (including silviculture) and other events that occur prior to harvest.

Table 5.5  Density (trees ha–1) of species by height class in control and treated plots (20–30% 
basal area reduction) in 1980 and 1995 (15 years post-treatment)

Control Treated

1980 1996 1980 1996

Liriodendron tulipifera
<0.3 m 906 4,775 818 170
³0.3 and <1.4 m 247 329 31 0
³1.4 m 55 0 0 0

Betula lenta
<0.3 m 55 165 0 124
³0.3 and <1.4 m 192 137 0 463
³1.4 m 0 55 15 494

Quercus-Caryaa

<0.3 m 6,010 4,967 895 942
³0.3 and <1.4 m 1,125 1,290 509 1,204
³1.4 m 55 165 124 679

Fraxinus americana/Tilia americanaa

<0.3 m 27 0 602 46
³0.3 and <1.4 m 27 0 15 232
³1.4 m 0 0 0 77

Acer rubruma

<0.3 m 19,431 29,997 20,161 3,041
³ 0.3 and <1.4 m 274 274 602 1,328
³1.4 m 55 0 15 340

Cornus floridaa

<0.3 m 631 82 247 0
³0.3 and <1.4 m 439 110 324 31
³1.4 m 110 82 15 93

Othera, b

<0.3 m 1,811 2,113 1,853 679
³0.3 and <1.4 m 659 796 1,050 710
³1.4 m 27 384 31 247
aHeavily dependent on advance reproduction and stump sprouts
bIncludes Magnolia spp., Pinus strobus, Ostrya virginiana, Oxydendrum arboreum, Nyssa sylvatica, 
Halesia tetraptera, Carpinus caroliniana, and Sassafras albidum
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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)



856  Spatial and Temporal Patterns in the Amount of Young Forests…

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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Abstract  The herbaceous layer varies with topographic heterogeneity and harbors 
the great majority of plant diversity in eastern deciduous forests. We described the 
interplay between disturbances, both natural and human-caused, and composition, 
dynamics, and diversity of herbaceous vegetation, especially those in early succes-
sional habitats. Management actions that create low to moderate disturbance inten-
sity can promote early successional species and increase diversity and abundance in 
the herb layer, although sustaining communities such as open areas, savannahs, and 
woodlands may require intensive management to control invasive species or imple-
ment key disturbance types. A mixture of silvicultural practices along a gradient of 
disturbance intensity will maintain a range of stand structures and herbaceous diver-
sity throughout the central hardwood forest.

7.1 � Introduction

The herbaceous layer, made up of all herbaceous species and woody species under 
a meter height, harbors the great majority of plant diversity in eastern deciduous 
forests (Gilliam and Roberts 2003). In landscapes with significant topographic 
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heterogeneity, herb layer composition and diversity vary with gradients of microclimate, 
soil moisture, and soil fertility (Hutchinson et  al. 2005). Herb layer vegetation 
also is affected by natural and anthropogenic disturbances. Disturbances to the 
tree canopy, including individual tree falls, catastrophic wind events, catastrophic 
wildfire, and timber harvesting, result in moderate to large increases in resource 
availability (Small and McCarthy 2002; Roberts and Gilliam 2003). Low severity 
disturbances, such as surface fires, usually cause minor damage to overstory trees 
but affect herb layer vegetation directly by killing aboveground stems and indirectly 
by altering the forest floor and the availability of light, water, and nutrients 
(Elliott et al. 2004; Knoepp et al. 2009). At the highest end of a severity scale 
(Fig. 7.1), disturbances such as agriculture, landslides, and surface mining remove 
vegetation and till or entirely remove the soil, even down to bedrock. In this chapter, 
we examined the interplay between disturbance, both natural and human-caused, 
and composition, dynamics, and diversity of herbaceous vegetation. We briefly 
discuss herb layer contribution to early successional habitats in different commu-
nities, and then focus mostly on herbaceous layer response to specific types and 
severities of disturbance.

7.2 � Early Successional Communities

The herb layer composition of open areas such as abandoned pastures, savannahs, 
and woodlands affects the quality of early successional habitats these communities 
provide to wildlife (Jones and Chamberlain 2004; Donner et al. 2010). Desirable 
plants provide protective cover and nutritious food sources, and allow travel, feed-
ing, and loafing by wildlife within and under the cover. Conversely, undesirable 
plants provide suboptimal cover, seed, or forage that is not palatable or digestible 
and inhibit mobility of small animals. When undesirable plants dominate an area, 
usable space is limited and the abundance and species richness of wildlife may be 

Natural

Fire

Harvest

Scale

wind/drought/insect hurricane/tornado landslide

surface understory crown fire

single tree

Low Moderate High Extreme
Severity scale

group shelterwood two-age clearcut agriculture surface mining

Fig. 7.1  Conceptual diagram of disturbance severity scale for natural and human-induced events
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relatively low. Management actions that increase diversity and abundance of desirable 
herb layer species can help sustain quality early successional habitats in these 
communities (Fig. 7.2).

In open areas and abandoned pastures, for example, eradicating non-native plant 
cover such as tall fescue (Festuca elatior) and bermudagrass (Cynodon dactylon), 
may be necessary before more desirable plant species can be established (Harper 
et al. 2007; Harper and Gruchy 2009). Tall fescue, which became the most impor-
tant cultivated pasture grass in the Central Hardwood Region by the 1970s, devel-
ops a dense, sod-forming structure near the ground and deep thatch that restricts 

Fig. 7.2  An open field (a) and woodland (b) in eastern Tennessee with abundant native warm 
season grasses and forbs (photo by C.A. Harper)
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mobility of several birds (Harper and Gruchy 2009), including young Eastern Wild 
Turkey (Meleagris gallopavo), Northern Bobwhite (Colinus virginianus), Field 
Sparrows (Spizella pusilla) and Grasshopper Sparrows (Ammodramus savan-
narum). Its dense growth and thatch can suppress germination of more desirable 
ground layer plants such as broomsedge (Andropogon virginicus), big bluestem 
(Andropogon gerardii), little bluestem (Schizachyrium scoparium), blackberry 
(Rubus spp.), American pokeweed (Phytolacca americana), native lespedezas 
(Lespedeza spp.), ticktrefoil (Desmodium spp.), and partridge pea (Chamaecrista 
fasiculata). Desirable open areas have a mixture of native warm-season grasses 
and forbs with scattered patches of shrubs, such as wild plum (Prunus spp.), sumac 
(Rhus spp.), and crabapple (Malus spp.).

Prescribed fire, particularly growing season fires, may be necessary to reduce 
woody encroachment and maintain early successional grasses and forbs (Klaus 
et al. 2005; Harper 2007; Gruchy et al. 2009) in savannahs and woodlands. These 
communities are found throughout tropical and temperate portions of the world 
and are characterized by scattered overstory trees and a continuous herbaceous 
understory rich in grasses and forbs. Frequent fire, grazing, and periodic drought 
or relatively low annual precipitation maintain the open canopy of savannahs and 
woodlands (Brudvig and Asbjornsen 2008), and the vast majority of these com-
munities in the eastern USA have been lost over the past century as a result of fire 
suppression, agriculture, and development (Scholes and Archer 1997; Abrams 
2003; Spetich et  al., Chap. 4). Management using late-dormant season fire at 
3 year intervals led to dramatic increases in both richness and density of small 
mammals and songbirds, and provided more than adequate high-quality forage for 
white-tailed deer and elk in mature shortleaf pine (Pinus echinata) – bluestem 
sites (Masters 2007).

7.3 � Disturbance and Forest Herb Layer Vegetation

In forests, herbaceous vegetation response depends on the type and severity of 
disturbances, which regulate supplies of resources such as light, soil nutrients, 
and moisture (Clinton 1995). Stand-replacing, high-severity disturbances 
(Fig.  7.1) create relatively homogeneous resource availability while low- to 
moderate-severity disturbances (Fig.  7.1) partially remove the canopy and 
generally result in greater resource heterogeneity (Gravel et  al. 2010; White 
et al., Chap. 3). Silvicultural systems used in central hardwood forests represent 
a gradient of disturbance severity, from the least intense single-tree selection 
(harvesting individual selected trees from most of all size classes) to the most 
intense clear-cutting (complete removal of the stand in a single harvest) (Loftis 
et al., Chap. 5). In the following sections, we discuss human-caused and natural 
disturbances that commonly affect herbaceous vegetation in forests of the 
Central Hardwood Region.
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7.3.1 � Harvests

Herbaceous response to forest harvests differs among ecoregions within the Central 
Hardwood Region. In the Southern Appalachians and adjacent areas, high growth 
rates and nutrient concentrations of herbaceous plants result in faster recovery of 
aboveground biomass following clearcutting (Boring et al. 1988; Elliott et al. 2002a) 
compared to northern hardwood forests (Federer et al. 1989; Reiners 1992; Mou 
et al. 1993). For example, 1 year after harvest, aboveground biomass of herbs in 
clearcuts ranged from 0.18 to 0.40 Mg ha–1 in a hardwood watershed in western 
North Carolina (Elliott et al. 2002a) compared to only 0.09 Mg ha–1 in a northern 
hardwood forest in New Hampshire (Mou et al. 1993). However, herbaceous layer 
diversity in the harvested North Carolina watershed was lower than that in a nearby 
mature (»70-years-old) forest (Table 7.1). In addition, it can take decades for herb 
layer diversity to recover from clearcut harvests. For example, flatter dominance 
diversity curves for reference and pre-harvest compared to post-harvest stands in 
two clearcut watersheds in the Coweeta Basin in western North Carolina show the 
herbaceous layer has not recovered diversity 30 years after disturbance (Fig. 7.3).

In contrast to the Southern Appalachians, all measures of herbaceous abundance 
and diversity in young (ca. 7 years old) clearcuts were greater than those in mature 
(more than 125 years old) stands in the Central Appalachians of Ohio (Small and 
McCarthy 2005), including mean cover (10.94% ± 1.42 versus 4.89 ± 0.57), rich-
ness, and H¢ diversity (Table 7.1). Clearcut and mature forests shared high impor-
tance of several species, including white wood aster (Aster divaricatus), hog peanut 
(Amphicarpaea bracteata), whorled loosestrife (Lysimachia quadrifolia), Christmas-
fern (Polysticum acrostichoides), and dooryard violet (Viola sororia). At the same 
time, younger stands showed greater importance of annual or shade-intolerant 
graminoids, such as sedges (Carex digitalis, Carex laxiflora), panic grass (Panicum 
clandestinum), and Poa spp., and non-native herbs (e.g., hoary bitter-cress 
(Cardamine hirsuta) and sulphur cinquefoil (Potentilla recta)), while mature stands 
showed greater importance of shade-tolerant perennials such as black cohosh 
(Cimicifuga racemosa), bland sweet cicely (Osmorhiza claytonia), Solomon’s seal 
(Polygonatum pubescens), false Solomon’s seal (Smilacina racemosa), and bellwort 
(Uvularia perfoliata) (Small and McCarthy 2005).

Other studies from sites within the Central Hardwood Region show diverse herb 
layer responses to forest harvests. Belote et al. (2009) used sites in Virginia and 
West Virginia to investigate how a gradient in disturbance intensity caused by dif-
ferent levels of timber harvesting influenced plant diversity through time and across 
spatial scales ranging from a square meter to 2 ha. The gradient of tree canopy 
removal and associated forest floor disturbance ranged from clearcut (95% basal 
area removed), leave-tree harvest (74% basal area removed leaving a few domi-
nants), shelterwood harvest (56% basal area removed), understory herbicide (sup-
pressed trees removed via basal application of herbicide), to uncut control. In the 
first year after disturbance, herbaceous species diversity increased at all spatial 
scales, but after 10 years of forest development shading by the canopy once again 
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controlled diversity (Belote et al. 2009). Zenner et al. (2006) compared five harvest 
treatments in upland mixed oak hardwoods in the Missouri Ozarks. The harvest 
treatments caused overstory canopy reductions from 12.8% in controls to 83.6% in 
clearcuts. Herb layer vegetation showed a clear response that increased in propor-
tion to harvest treatment intensity, with relative species composition and abun-
dance of life forms increasing in proportion to harvest intensity. Dominance of 

Fig. 7.3  Dominance-diversity curves for two clearcut watersheds, WS6 and WS7, in the Coweeta 
Basin, western North Carolina (Adapted from Elliott et al. 1997, 1998 and Elliott, unpublished). 
Curves were based on percent cover for (a) WS6 at 1, 15, and 28 years after the final disturbance 
and (b) WS7 prior to clearcutting in 1952, and 1, 3, 8, 17, and 31 years after cutting. Flatter curves 
represent high species diversity or low dominance by a few species; in contrast, steep curves rep-
resent low species diversity or a high degree of dominance (Whittaker 1965)
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legumes and tree seedlings decreased while woody vines, graminoids, and annuals/
biennials increased along the harvest intensity gradient. Elliott and Knoepp (2005) 
found a similar pattern in herbaceous layer diversity in the Southern Appalachians; 
group selection (24% canopy reduction) and shelterwood harvests (68% canopy 
reduction) had higher species richness and diversity (Shannon’s index of diversity, 
Magurran 2004) than the heavier two-age cut (80% canopy reduction) and refer-
ence forests (Table 7.1). In partial cuts, shade from the residual overstory trees 
created a mosaic of environmental conditions, which provided suitable microsites 
for a mix of shade-intolerant and shade-tolerant herbaceous species, and higher 
species richness and diversity than an undisturbed forest.

Taken together, the research shows that harvesting central hardwood forests 
affects diversity and species composition of herbaceous layer vegetation. Diversity 
can increase or decrease following harvest, then recovers, but the recovery can take 
decades to reach pre-harvest or reference values. In addition, harvests can increase 
abundance of shade-intolerant species associated with early successional habitats in 
proportion to intensity of the harvest treatment.

7.3.2 � Abandoned Agricultural Lands

Abandoned agricultural land is common in the eastern USA (Parker and Merritt 
1994; Bellemare et al. 2002), but is declining as oldfields shift to forest lands. In the 
Southern Appalachians, for example, agricultural lands have declined by an average 
13% from the 1950s to the 1990s (Wear and Bolstad 1998). In fact, major portions 
of today’s eastern National Forests were once abandoned agricultural land (Jenkins 
and Parker 2000; Thiemann et al. 2009).

Agricultural use has had a definite and severe effect on native plant communi-
ties (Flinn and Vellend 2005). Forests growing on former agricultural land often 
have lower frequencies of many native forest herbs than forests that were never 
cleared for agriculture. A leading explanation for this pattern is that many forest 
herbs are dispersal-limited, but environmental conditions can also hinder coloniza-
tion (Fraterrigo et al. 2009a, b). Abandoned agricultural areas have a species com-
position that is highly variable and distinct from other disturbance types. For 
example, in southern Indiana, several typical disturbance species, such as blackberry 
(Rubus spp.) and northern groundcedar (Lycopodium complanatum), and many 
non-native species such as grass pink (Dianthus armeria), meadow fescue (Festuca 
pratensis), and oxeye daisy (Leucanthemum vulgare), were associated with aban-
doned agriculture plots (Jenkins and Parker 2000). Abandoned agriculture plots 
had significantly greater cover of giant ragweed (Ambrosia trifida, federally listed 
as a noxious-weed and common in oldfields) than four other stands types (Jenkins 
and Parker 2000).

In Great Smoky Mountains National Park, abandoned agricultural plots were 
associated with species normally found in dry and sub-mesic communities, includ-
ing ebony spleenwort (Asplenium platyneuron), ribbed sedge (Carex virescens), 
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poverty oatgrass (Danthonia spicata), hillside blueberry (Vaccinium palladium), 
and dwarf dandelion (Krigia biflora) (Thiemann et  al. 2009). They also were 
associated with an influx of non-native and non-forest species such as northern 
ground-cedar (Lycopodium complanatum), Japanese honeysuckle (Lonicera 
japonica), and heart-leaved groundsel (Senecio aureus) (Thiemann et al. 2009). 
In addition, many other indicators of mesic forests, including star chickweed 
(Stellaria pubera), Canadian woodnettle (Laportea canadensis), bloodroot 
(Sanguinaria canadensis), celandine-poppy (Stylophorum diphyllum), and five-
parted bitter-cress (Cardamine concatenate) were not found in the abandoned 
agriculture plots (Thiemann et al. 2009).

In general, abandoned agricultural fields can maintain early successional vege-
tation on the landscape from open site through young forest conditions. Early 
successional species that establish in the herbaceous layer can persist for several 
decades. At the same time, these sites may promote invasive species and have slow 
establishment of forest understory herbs.

7.3.3 � Surface Mining and Mountain-Top Removal

Surface mining, particularly mountain-top removal, is the most severe disturbance 
type in the Central Hardwood Region, with the exception of landslides (Hales 
et al. 2009). Some coal surface mines have been reclaimed for more than 40 years, 
and reclamation has been mandated by USA federal law for almost 30  years 
(Surface Mining Control and Reclamation Act, Public Law 95–87 Federal Register 
3 Aug 1977, 445–532). Coal surface mine reclamation practices are similar to 
those of other large-scale land reclamation projects: a few aggressive plant species 
are seeded or planted in an effort to achieve legal requirements for minimum 
ground cover and prevent soil erosion. Many mine reclamation efforts focus on 
establishing rapid-growing non-native species that control erosion but may slow 
or prevent the establishment of later-successional, native species (Holl 2002). 
Until recently, this seeded ground cover consisted of Kentucky-31 tall fescue 
(Festuca elatior), red clover (Trifolium pratense), sericea lespedeza (Lespedeza 
cuneata), and birdsfoot trefoil (Lotus corniculatus), all of which are non-native 
and dense.

Although efforts are underway to establish native species, many recently mined 
mountain tops are still hydro-seeded with a non-native mixture of species. Once 
these species are established, it can be difficult to reduce their cover and replace 
them with native species. In addition, these non-native plant communities may be 
susceptible to establishment of invasive woody species. For example, 50 years after 
being reclaimed with sericea lespedeza, red clover, and Kentucky-31 tall fescue 
beneath planted eastern white pine (Pinus strobus), autumn olive (Eleagnus umbel-
lata), privet (Ligustrum spp.), and dying white pines made up a significant compo-
nent of the woody understory and forest edge vegetation on a coal surface mine in 
eastern Kentucky (Collins, unpublished).
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7.3.4 � Fire

Prescribed burning is used by the USDA Forest Service, USDI National Park 
Service, The Nature Conservancy and other land owners to reduce fuel loads, 
improve wildlife habitat, and restore ecosystem structure and function. However, 
less is known about its effects on eastern hardwood ecosystems than on southern 
pine dominated ecosystems. There, prescribed fire has been used as a silvicultural 
tool for over 50 years (see review: Carter and Foster 2004). In general, vegetation is 
responsive to prescribed fire, but the magnitude of response depends on initial forest 
condition and fuel load, topography, and season and characteristics of the fire, 
among other factors (Spetich et al., Chap. 4). In the following sections, we discuss 
herbaceous vegetation response to fire in two major forest types of the Central 
Hardwood Region: oak forests and hardwood pine forests.

7.3.4.1 � Fire in Oak Forests

Perennial herbs in oak forests usually emerge each season from rhizomes, but they 
are dormant during the spring and fall burning periods. Because little heat penetrates 
into the soil to the dormant rhizomes when leaf litter burns, resprouting usually is 
not affected by burning in either season. Any changes in herb layer species compo-
sition or abundance would more likely be due to indirect effects such as reduced 
competition with top-killed midstory shrubs, or consumption of the litter layer. 
Keyser et al. (2004) found plant cover and species richness in an oak-dominated 
forest increased following fire regardless of whether burning occurred in February, 
April, or August. However, the more intense spring and summer burns led to a shift 
toward herbaceous species, whereas the winter burn resulted in dominance by 
woody species (Keyser et al. 2004).

In some cases in central hardwood forests, prescribed fire resulted in increased 
cover and diversity of herbaceous layer species (Arthur et al. 1998; Elliott et al. 1999; 
Clinton and Vose 2000; Clendenin and Ross 2001). In mixed-oak communities, her-
baceous layer species tend to be more diverse after moderate-severity fire (Elliott 
et al. 1999; Glasgow and Matlack 2007), partly due to removal of the litter layer, 
increased nutrient cycling rates, and increased light levels. However, low severity, 
dormant season fires often have little effect on plant community composition (McGee 
et al. 1995; Kuddes-Fischer and Arthur 2002), and in some cases they have little 
effect on diversity (Franklin et al. 2003; Dolan and Parker 2004; Hutchinson et al. 
2005; Elliott et al. 2004; Phillips et al. 2007; Elliott and Vose 2010).

Although single prescribed burns may have little effect, repeated dormant-season 
fire may affect herbaceous layer diversity, particularly warm-season grasses 
and forbs (Holzmueller et al. 2009; Pyke et al. 2010) in oak forests. For example, 
Bowles et al. (2002) found a significant shift in herbaceous layer vegetation toward 
greater abundance of warm-season plants, without decline of cool-season plants, 
after 17 years of annual fires. They suggested repeated burning can increase forest 
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herbaceous layer diversity in a predictable manner: repeated, annual burns reduce 
shrubs and saplings, which subsequently increases understory light levels. They 
also found a positive relationship between canopy light levels with warm-season 
herb cover and richness (Bowles et al. 2002).

7.3.4.2 � Fire in Pine-Hardwood Forests

Mixed pine-hardwood forests on dry ridges are thought to be sustained by fire 
(Barden 2000; Lafon et al. 2007). Fire suppression and few natural fires in dry-
to-xeric pine-hardwood forests have promoted dominance of hardwoods and decline 
of the pine component of these forests for the last three decades (Smith 1991; Vose 
et al. 1999; Elliott and Vose 2005). In addition, substantial drought-related insect 
populations (primarily southern pine beetle [Dendroctonus frontalis]) (Elliott et al. 
1999; Elliott and Vose 2005) and previous forestry practices, such as high-grading, 
have contributed to changes such as a significant increase in acreage of stands with 
a dense understory of mountain laurel (Kalmia latifolia) on upper, drier slopes of 
the Southern Appalachians. Competition with mountain laurel inhibits reproduction 
and growth of woody and herbaceous vegetation, so changes in species composition 
and stand structure are likely to persist without management intervention.

Herbaceous species respond to direct and indirect effects of fire. An initial 
increase in nitrogen availability after fire can contribute to increased herbaceous 
cover (Elliott et al. 2004; Knoepp et al. 2009). In addition, low severity prescribed 
fires, coupled with dormant season ignition, allow the root systems and seed banks 
of herbaceous layer species to survive; thus, plants are able to re-emerge in the spring 
and summer after the burn treatments. The herbaceous layer includes several life 
forms that may respond differently to fire disturbance: tree seedlings, shrubs, forbs, 
ferns, and graminoids. In a Southern Appalachians pine-oak community, Elliott 
et al. (2009) found evergreen shrubs decreased, while deciduous shrubs, forbs, and 
grasses increased after a moderate-severity prescribed fire (Fig. 7.4). After 10 years, 
forbs and grasses were more abundant than they were before the prescribed fire 
treatment (Elliott et al. 2009).

In another site in the Southern Appalachians (Linville Gorge; Dumas et al. 2007), 
post-disturbance colonizers such as fireweed (Erichtites hieracifolia), daisy flea-
bane (Erigeron annuus), and white snakeroot (Eupatorium rugosum) were present 
only in burned plots, where they likely flushed from the seed bank. Greater diversity 
and abundance of herbs and tree seedlings in the first post-fire growing season were 
likely a response to the combination of forest floor removal by fire and increased 
penetration of light associated with the loss of the mountain laurel. These findings 
are consistent with Reilly et al. (2006), who argued that changes in species diversity 
after the Linville Gorge fire were the result of local scale phenomena, and not long 
distance dispersal. Fire would favor seed bank species and species able to propagate 
from protected meristems.

Dilustro et al. (2002, 2006) and Collins et al. (2006a, b) examined herb layer 
response to prescribed fire and land use (military) in pine and mixed pine-hardwood 
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forests at Fort Benning, GA. In a subset of these sites with a significant hardwood 
component, neither species richness nor evenness differed between 2 year and 4 
year fire treatments, either in the post-burn season or after one (2-year treatment) 
or three (4-year treatment) years. Overall diversity (H¢) was higher in 2-year 
burn treatments in the post-burn season, but this difference was not apparent 
1–3 years(s) post-burn (Table 7.1). Across all sites, however, fire, harvests, and 
disturbances associated with mechanized military training favor pine dominance 
and maintain early successional or fire-tolerant species in the ground layer 
(Dilustro et al. 2002).

Positive response of some herb layer species provides evidence that growing 
season fire is an important part of the natural disturbance regime in pine-hardwood 
forests. However, what is best for one species may not be for all; other species 
respond more to dormant-season than growing-season burns (Sparks et al. 1998; 
Hiers et al. 2000; Liu and Menges 2005). In addition, many species do not appear to 
be influenced by burning season. For example, in a shortleaf pine-grassland com-
munity in Arkansas, fewer than 10% of 150 plant species evaluated for response to 
late growing-season (September–October) and late dormant-season (March–April) 
burns were differentially affected by burning season (Sparks et al. 1998). The variable 
response of understory species to fire season suggests a heterogeneous fire regime 
(including variation in the seasonal timing of fire) may help conserve biodiversity 
(Hiers et  al. 2000; Liu et  al. 2005) and maintain early successional stages of 
pine-hardwood forests on the landscape.

Fig. 7.4  Relative cover of the herbaceous layer (all herbaceous species and woody species <1.0 m 
height) by growth forms for Wine Spring Creek, western North Carolina; a dormant season, 
moderate-to-high intensity prescribed burn. Total cover (%), S

woody
 (number of woody species), 

S
herbaceous

 (number of herbaceous species) for pre-burn (1994), 1-year post-burn (1995), 2-years 
post-burn (1996), and 10-years post-burn (2006) (adapted from Elliott et al. 2009)
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7.3.5 � Drought

Canopy gaps, created by wind or death of canopy trees, are widely known to influence 
woody seedling and sapling species recruitment and abundance through their effect on 
resource availability and heterogeneity (Clinton et al. 1993; Elliott and Swank 1994; 
Kneeshaw and Bergeron 1998; Kloeppel et  al. 2003; Gravel et  al. 2010). Less is 
known about the effects of gaps created by drought on the herbaceous layer in temper-
ate forested ecosystems (Roberts and Gilliam 2003; Neufeld and Young 2003). 
Information is especially lacking on how interactions among drought-induced canopy 
gaps and other disturbances, such as herbivory and fire, affect herbaceous vegetation 
(sensu Royo et al. 2010).

One long-term study conducted in the Southern Appalachians provides an example 
of the complex interactions among disturbances. Webster et al. (2008) investigated 
effects of Japanese stilt grass (Microstegium vimineum), an invasive grass, and deer 
herbivory on native herbaceous layer species in Cades Cove, Great Smoky Mountains 
National Park. A severe drought occurred in 2000, partway through their 10 year study 
(1997–2006). With deer herbivory, Japanese stilt grass populations rebounded quickly 
following drought and native herbaceous and woody species were unable to capitalize 
on the ephemeral release of growing space. In contrast, in the absence of deer 
herbivory (i.e., in exclosure plots), there was an increase in cover of woody plants and 
native species richness (Webster et al. 2008).

7.3.6 � Windthrow and Salvage Logging

Canopy gaps caused by windthrow have different consequences for herb layer 
vegetation than gaps caused by drought. Windthrow uproots trees and breaks or kills 
surrounding trees, which, in turn, creates pit and mound topography (Clinton and 
Baker 2000) and generally creates larger canopy openings (Greenberg and McNab 
1998; Peterson 2000; Elliott et al. 2002b; Peterson and Leach 2008) than drought-
created gaps. Elliott et al. (2002b) reported a greater number of both early and late 
successional herb species in forests with windthrow and subsequent salvage logging 
than in an undisturbed forest (Table 7.1). In addition, some late successional species 
that were found in both forests were more abundant in the disturbed forest; these 
included Jack-in-the-pulpit (Arisaema triphyllum), black cohosh (Cimicifuga 
racemosa), wild licorice (Galium lanceolatum), common yellow wood-sorrel 
(Oxalis stricta), and violets (Viola spp.).

In a bottomland hardwood forest in southern Illinois, Nelson et  al. (2008) 
investigated differences in vegetation composition and diversity among undis-
turbed, wind disturbed, and wind + salvage areas. They found species diversity 
(H¢) generally increased as a function of soil disturbance (based on soil distur-
bance severity classes ranging from undisturbed < compressed < ruts < churned), 
with no significant differences between wind and wind + salvage areas (Table 7.1). 
Significantly less herbaceous cover in undisturbed and transition areas was 
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attributed to having at least partial canopy cover in these sites versus wind and 
wind + salvage areas. Nelson et  al. (2008) argued that large yearly variation in 
herbaceous cover among soil disturbance classes was due to creation of ruts, 
berms, pits, and mounds, which led to variation in moisture availability on a fine 
spatial scale. Three years after the wind disturbance, herbaceous cover in all soil 
disturbance classes declined rapidly as the canopy closed.

In subalpine forests of northwestern Colorado, Rumbaitis (2006) compared 
windthrow, windthrow + salvage logging, and undisturbed forests. Species rich-
ness and diversity were lower in the wind + salvage logged areas than the windthrow 
or undisturbed areas (Table 7.1). Species growing in the wind + salvage logged 
areas primarily were early successional specialists, whereas mixtures of early and 
late successional species grew in the windthrow only areas (Rumbaitis 2006). In 
contrast to the results of Elliott et al. (2002b), few shade-tolerant forbs were found 
in the wind + salvage logged areas. Rumbaitis (2006) concluded differences in 
understory disturbance severity were likely responsible for the observed differ-
ences in species diversity and composition between the windthrow only and 
wind + salvage logged areas.

In general, windthrow generates microsite heterogeneity that can facilitate 
species diversity and abundance in the herb layer. For example, pits and mounds 
associated with treefalls can have higher species diversity and greater herb cover 
than adjacent undisturbed areas (Peterson and Campbell 1993). Changes in light 
quality and quantity associated with gaps generate the greatest responses in under-
story herbs because many species are light limited (Whigham 2004). Woodland 
herbs often show greater growth and reproduction in response to increased light 
(Collins and Pickett 1988; Neufeld and Young 2003); however, positive responses 
may depend on gap size (Collins and Pickett 1988) and negative impacts associated 
with competition (Hughes 1992). Overall, windthrow gaps can increase herb layer 
species diversity and abundance, but may increase abundance of early successional 
or light-demanding species only when the canopy is removed and there is considerable 
soil disturbance.

7.4 � Summary

Over the landscape, open areas, savannahs, and woodlands can provide early succes-
sional habitats for numerous wildlife species, but maintaining or restoring these 
vegetation types can require intensive management, such as removing invasive 
grasses with herbicide applications, increasing fire, and mechanical disturbance 
(e.g., disking). Herb layer response to disturbance varies with the type and severity 
of the disturbance, but also among ecoregions and forest types within the Central 
Hardwood Region. Low to moderate fire severity can increase herb cover and diver-
sity and promote emergence from the seed bank and protected meristems in oak and 
pine-hardwood forests. Windthrow, at the low end of a canopy and soil disturbance 
gradient, can promote diversity of native species in the understory. At the other end 
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of the spectrum, abandoned agricultural land and surface mining, especially mountain 
top removal, create early successional communities, but can also promote non-native 
species, especially if initially seeded with these species. Although herbaceous 
response differs over ecoregions, a mixture of silvicultural practices along a gradient 
of disturbance severity will maintain a range of stand ages and structures, and 
subsequently maximize landscape level herbaceous diversity.
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Abstract  Young (1–10 year post-disturbance) upland hardwood forests function as 
high-quality food patches by providing abundant fruit, and nutritious foliage and 
flowers that attract pollinating and foliar arthropods and support high populations of 
small mammals that, in turn, are prey for numerous vertebrate predators. Reductions 
in basal area increase light penetration to the forest floor, which stimulates vegeta-
tive growth and promotes fruiting. Fruit biomass (dry edible pulp) can be 5 to nearly 
50 times greater in young forest than mature forest as “pioneer” species, such as 
pokeweed and blackberry, ericaceous shrubs, various forbs and grasses, and stump 
sprouts of many tree species produce fruit. Forage production can increase 
substantially after disturbances that significantly reduce overstory basal area, such 
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as timber harvests, heavy thinning, or intense prescribed fire. Hard mast (nut) 
production can be sustained in young forests if some mature, good mast-producing 
oak, hickory, or beech trees are retained. Balancing the creation of young, recently 
disturbed upland hardwood forests with the desired amount and distribution of other 
forest age-classes will sustain high-quality food patches for wildlife within a land-
scape context.

8.1 � Introduction

Deciduous forest of the Central Hardwood Region is a patchwork of stand ages and 
structures that result from natural small-scale disturbance, such as death of indi-
vidual trees, and larger-scale events, including fire, ice, wind, and insect outbreaks 
(White et al., Chap. 3). Many forest management activities, such as timber harvest, 
thinning, and controlled burning, also create disturbances. Varied types and intensi-
ties of disturbances result in an assortment of structural features that complicate a 
simple definition of young upland hardwood forest. Yet, all share similar attributes, 
including a well-developed groundcover or shrub and young tree component, and 
absence of or discontinuous mature tree canopy (Greenberg et al., Chap. 1).

Abundant light and reduced competition created by reductions in overstory tree 
density coupled with soil perturbation and scarification from disturbances promote 
germination, foliar growth, flowering, and fruiting by many plant species on the forest 
floor. Disturbance also promotes colonization by disturbance-adapted plants, such as 
blackberry (Rubus spp.) and pokeweed (Phytolacca americana), that produce prodi-
gious amounts of fruit (Greenberg et al. 2007). Open, recently disturbed forests pro-
vide an abundance of native fruits, woody browse, nutritious foliage and flowers that 
attract arthropods and high densities of small mammals that serve as prey for numer-
ous snake, bird, and mammalian predators. Thus, these young forests function as 
high-quality food patches for many wildlife species. The important role of young 
hardwood forests in supporting wildlife is becoming increasingly recognized by natu-
ral resource professionals. In this chapter, we synthesize results of our own research 
and other studies on fleshy fruit, hard mast, browse, and arthropod and small mammal 
(as prey) production in young (less than 10 years post-disturbance) upland hardwood 
forests of the Central Hardwood Region of the USA (see Fig. 1.1).

8.2 � Fleshy Fruit

Fleshy fruit (soft mast) is a key food resource for many game and nongame wildlife 
species (Martin et al. 1951). Most species of birds and mammals consume fruit at 
least occasionally (Martin et al. 1951; Willson 1986). Fruit consumption has been 
linked to mammalian survival and reproductive success (e.g., Rogers 1976; Eiler et al. 
1989). Fruit choice is a complex interplay between the nutritional composition of 
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fruit, changing nutritional needs, availability of alternative food sources, and seasonal 
patterns of fruit and consumer abundance (Levey and Martinez del Rio 2001). Some 
studies suggest birds consume high-lipid fruits more rapidly than “low-quality” 
(low-lipid) fruits in fall (White and Stiles 1992), but others indicate nutritional qual-
ity is not an important determinant of fruit selection by birds (Borowicz 1988; 
Fuentes 1994; Jordano 2000; Whelan and Willson 1994). Further, digestive abilities 
may differ among avian species (Fuentes 1994; Martinez del Rio and Restrepo 
1993). For example, Cedar Waxwings (Bombycilla cedrorum) specialize in sugary 
fruits, whereas thrushes specialize in lipid-rich fruits (Witmer and Van Soest 1998). 
American Robins (Turdus migratorius) produce low levels of the enzyme sucrase, 
and thus cannot digest high-sucrose fruits (Martinez del Rio and Restrepo 1993).

Abundant fruit in young forests may be a particularly important high-energy 
food source for neotropical migratory birds during fall migration (Parrish 1997). 
During winter, soft mast is important to many vertebrates when other food resources 
are scarce (e.g., McCarty et al. 2002; Greenberg and Forrest 2003; Whitehead 2003). 
For example, the local distribution of Hermit Thrushes (Catharus guttatus) and 
Yellow-rumped Warblers (Dendroica coronata) during winter may be influenced by 
fruit availability (Kwit et al. 2004; Borgmann et al. 2004). The open conditions in 
young forests provide greater abundance of fruit, and also facilitate discovery by 
fruit-eating vertebrates. Fruit removal rates may be more rapid in gaps and along 
forest edges than under closed-canopy forests (Thompson and Willson 1978).

Fruit availability and abundance vary spatially and temporally across heteroge-
neous landscapes comprised of different forest age classes and site quality. This 
variation in fruit abundance results from differences in the composition of fruiting 
species, fruiting phenology, and the dynamic process of colonization and recovery 
of fruiting plants in young, recently disturbed forests. At local scales, fruit produc-
tion is dictated by the composition of plant species, many of which are patchy in 
their occurrence.

Fruit production per hectare is inversely related to the residual density or basal 
area (BA) of overstory trees (shade) remaining after a disturbance, and declines over 
time with canopy closure (Perry et  al. 1999, Fig.  8.1). Fruit production is much 
greater in forest openings than in closed canopy conditions, regardless of whether 
openings are caused by natural disturbance (e.g., Thompson and Willson 1978; Blake 
and Hoppes 1986) or by silvicultural disturbance, such as timber harvest (e.g., Lay 
1966; Halls and Alcaniz 1968; Johnson and Landers 1978; Campo and Hurst 1980; 
Stransky and Roese 1984; Perry et al. 1999; Mitchell and Powell 2003; Greenberg 
et al. 2007). For example, Blake and Hoppes (1986) reported 44 fruits/80 m2 in sin-
gle-tree gaps, but only 2 fruits/80 m2 in adjacent closed canopy forest in Illinois. 
Perry et  al. (1999; Perry, unpublished) found that in the Interior Highlands of 
Arkansas and Oklahoma, production of dry edible fruit pulp biomass ( £2 m height) 
5 years post-harvest was about three times greater in group selection matrix (the 
forest surrounding group openings) and eight times greater in single-tree selection 
harvests where BA reduction was minor and light increased only slightly, compared 
to mature ( > 50 years old), closed-canopy forest. However, dry edible fruit pulp bio-
mass production ( £ 2 m height) in their study area was 31 times greater in clearcuts, 
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46 times greater in group openings, and 49 times greater in shelterwood harvests than 
in mature forest (Figs. 8.2, 8.3). In the Southern Appalachians, production of dry 
edible fruit pulp biomass was 5–20 times greater in shelterwood harvests (with about 
15% BA retention) beginning 3–5 years post-harvest than in mature forest (Fig. 8.3) 
(Greenberg et  al. 2007). Increases in fruit production are generally less in small 
openings, such those created by single-tree selection or gaps compared to larger 
openings, such clearcut or shelterwood harvests, because smaller openings are typi-
cally shaded more by surrounding forest than larger openings (Perry et al. 1999).

Fruit production in young forests can be affected by the type of disturbance and 
prior land uses. In areas subjected to timber harvest, site preparation after harvest 
can affect the length of time plants take to establish fruiting or overall long-term 
fruit production. After logging, sites not subjected to site preparation or sites only 
burned after harvest may produce more fruit from woody shrubs than sites subjected 
to site preparation methods, such as mechanical chopping or blading, which destroy 
the roots of pre-established plants (Stransky and Halls 1980). However, more intense 
site preparation can potentially facilitate establishment of disturbance-adapted her-
baceous plants from seed, such as pokeweed and blackberry. Seeds of these “pio-
neer” species are dispersed by vertebrates that eat the fruits, and can be abundant in 
seed banks prior to disturbances (T. Keyser, unpublished). In reforested areas 
subjected to timber harvest, lands that were previously cleared and farmed produce 
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Fig. 8.1  Relationship 
between total fruit production 
(dry edible pulp biomass;  
kg/ha £ 2 m high) and 
overstory BA (m2/ha) in forest 
stands thinned/harvested to 
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Interior Highlands of 
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Production was greatest in 
stands with lowest BA, but 
the relationship changed over 
time since disturbance with 
the strongest relationship at  
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(data from Perry et al. 1999; 
Perry, unpublished)



1258  The Role of Young, Recently Disturbed Upland Hardwood Forest…

substantially less fruit because of sparse seed beds and fewer pre-established root 
systems (Stransky and Halls 1980).

High-intensity (hot) fires in upland hardwood forests can create open, structur-
ally diverse conditions by killing overstory and midstory trees. Burning in upland 
hardwood forests may reduce fruit production immediately following the fire, but 
may eventually result in increased production if light to the forest floor is increased 
and top-killed plants resprout, or disturbance-adapted species colonize or germinate 
from the seedbank, and fruit (Jackson et al. 2007, J Michael McCord, unpublished). 
More commonly, prescribed fires in upland hardwood forests are low-intensity with 
minimal disturbance or increases in light reaching the understory (Jackson et  al. 
2007). Post-burn increases in fruit production generally correspond with reductions 
in canopy cover and increased light to the forest floor, and thus are greater following 
high-intensity burns that kill trees. Post-burn fruit production may be spatially 
patchy (Jackson et al. 2007), reflecting the mosaic of light and disturbance condi-
tions created by the patchy burn patterns typical in upland hardwood forests.

Burning at 7-year intervals or less in young forests may impede canopy closure and 
stimulate the development of herbaceous groundcover (Masters et al. 1993), thereby 
also prolonging young forest conditions that promote abundant fruit production. 
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Prescribed fire may create opportunities for germination, establishment, and (or) 
growth for non-native invasive plant species, such as Russian and autumn olive 
(Eleagnus spp.) or oriental bittersweet (Celastrus orbiculatus), but it may also cause 
mortality or otherwise suppress population growth of many non-native species 
(D’Antonio 2000). A pre-fire inventory of non-native invasive plants and pre- or 
post-fire removal of highly invasive species may help to reduce the possibility of 
proliferation by some non-native species.

Total fruit production levels are typically tied more closely to stand age than 
to topographic position, and fruit production is generally highest in young for-
ests (Reynolds-Hogland et  al. 2006; Greenberg et  al. 2007). In the Southern 
Appalachians, dry pulp biomass of fleshy fruit in young, recently harvested (using 
a low-leave shelterwood harvest where about 15% of the overstory BA was retained) 
stands is similar to that in mature forests during the first 2 years after harvest, but 
increases 5–20-fold by the third year after harvest (Greenberg et al. 2007; Fig. 8.3). 
Fruit production peaks around 5–8 years after harvest and remains high for several 
years before declining. By about the tenth year post-harvest, fruit production in 
young forests may be similar to production in mature, unthinned forests as growth 
of regenerating trees creates a fully shaded environment (Fig.  8.3). Reynolds-
Hogland et  al. (2006) found production of berries (Gaylussacia spp., Vaccinium 
spp., and Rubus spp.) was highest in 2–9 year old stands.
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The length of time fruit production remains high in young forests varies with the 
growth rate of regenerating trees that eventually shade the forest understory. Woody 
plant growth rates are influenced by moisture or site quality, which is dictated by topo-
graphic position, soils, and geography (Elliott et al., Chap. 7; Loftis et al., Chap. 5). 
Thus, moist, high-quality sites may reach canopy closure and reduced fruit produc-
tion more rapidly than xeric upland hardwood forests. Further, the occurrence and 
relative abundance of many fruit-producing species are influenced by site quality. 
For example, blackgum (Nyssa sylvatica) and ericaceous shrubs are most common 
on dry, lower quality sites in the Southern Appalachians, whereas spicebush and 
many herbaceous species are generally associated with moist, high-quality cove 
hardwood forests.

The disturbance-associated species pokeweed and blackberry are prodigious fruit 
producers in recently disturbed hardwood forests throughout the Central Hardwood 
Region, including the Southern Appalachians, Interior Highlands, Ridge and Valley, 
and upper Coastal Plain (Perry et al. 1999; Greenberg et al. 2007; Greenberg et al. in 
review; McCord and Harper in press). A “relay” between pokeweed and blackberry 
sustains high levels of fruit production in young hardwood forests for several years. 
Pokeweed dominates fruit production for the first few years after disturbance, but 
generally is shaded out by the fourth or fifth year. In contrast, blackberry is usually 
present, but takes 3 or 4 years before it produces substantial amounts of fruit. Sumac 
(Rhus spp.) is an ephemeral pioneer shrub that occurs throughout the Central 
Hardwood Region and produces prodigious amounts of fruit, but may occur less 
frequently in young forest patches than pokeweed and blackberry (Greenberg et al. 
2007). In southern portions of the Central Hardwood Region, American beautyberry 
(Callicarpa americana) is also an important fruit producer in young forests.

Many species not typically associated with disturbance also produce abundant 
fruit in young forests – often more fruit than in mature forests. In the Southern 
Appalachians, flowering dogwood (Cornus florida), American holly (Ilex ameri-
cana), Fraser magnolia (Magnolia fraseri), black cherry (Prunus serotina), sassa-
fras (Sassafras albidum), and blackgum all produce fruit from stump sprouts within 
1–3 years post-harvest. In the Interior Highlands, flowering dogwood, black cherry, 
sassafras, blackgum, serviceberry (Amelanchier arborea), and muscadine grapes 
(Vitis rotundifolia) are species not associated with disturbance that can produce 
great amounts of soft mast in both older (7 + years old) openings and in mature 
forests (Segelquist and Green 1968; Rogers et al. 1990; Perry et al. 1999). Several 
herbaceous species that are generally associated with mature cove hardwood for-
ests, including Jack-in-the-pulpit (Arisaema triphyllum), mandarin (Disporum 
lanuginosum), Solomon’s seal (Polygonatum biflorum), and Trillium spp., also 
produce more fruit in recently-harvested forests than in mature forests (Greenberg 
et al. 2007).

Ericaceous shrubs, including huckleberry (Gaylussacia spp.) and blueberry 
(Vaccinium spp.), produce abundant fruit within a year after disturbance, but also pro-
duce a large proportion of the total fruit in mature forests. Dominant species include 
huckleberry in the Southern Appalachians, and deerberry (V. stamineum), which is 
widespread throughout the Central Hardwood Region. The relative abundance of 
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huckleberry and blueberry species (and their fruit) varies with topography and 
geography. Huckleberry tends to be most abundant on dry, lower-quality sites. 
Blueberries produce minor amounts of fruit compared to huckleberry in the Southern 
Appalachians (Greenberg et al. 2007), though this may vary with location. They are 
the dominant ericaceous, fruit-producing species in the upper Coastal Plain and the 
Interior Highlands (Perry et al. 1999; Greenberg et al. in review).

Only a handful of native plant species in upland hardwood forests produce or 
retain fruit during winter. American holly, greenbriar (Smilax spp.), and sumac are 
important winter fruits throughout the Central Hardwood Region. Sumac is limited 
to recently disturbed forests, whereas holly and greenbriar produce fruit in all forest 
age-classes. Several species of non-native, invasive plants, including oriental bit-
tersweet, Chinese privet (Ligustrum sinense), and multiflora rose (Rosa multiflora), 
produce or retain fruit during winter (Greenberg and Walter 2010) and can invade 
disturbed, or sometimes undisturbed, forests when these stands are near seed 
sources. Whereas these non-native plant species may provide food for wildlife, ani-
mals did not historically rely on those food sources and they are not part of the 
ecological balance that evolved between native animals and food sources in the 
Central Hardwood Region. Further, consumption of non-native fruits by birds and 
vertebrates promotes widespread dispersal and establishment of non-native plants 
across the landscape where they compromise native plant communities.

8.3 � Hard Mast

Nuts produced by oak (Quercus spp.), hickory (Carya spp.) and beech (Fagus gran-
difolia) trees provide a valuable food resource to many wildlife species (Martin 
et al. 1951) and influence the distribution, recruitment and survival, and behavior of 
wildlife, ranging from migratory birds to black bear (Ursus americanus) (McShea 
and Healy 2002; Rodewald 2003; Clark 2004). Acorns are considered a “keystone” 
to biological diversity because their nourishment affects abundance of rodents that 
are an important prey base for raptors and carnivores, and affects populations of 
white-tailed deer (Odocoileus virginianus) that in turn alter forest structure and 
composition through browsing (Feldhamer 2002). Hard mast production may be 
reduced in young forests when mature oak, hickory, or other nut-producing trees are 
removed or killed. Thus, retention of some hard mast production when creating 
young forest stands through silviculture should be considered.

The age at which regenerating trees begin to produce mast varies; most oak species 
produce acorns by age 20–25 and reach full production potential around age 50 (Burns 
and Honkala 1990). Age of hard mast production, however, likely differs between 
trees that originate from seedlings versus stump sprouts (coppice) from rootstocks of 
mature, harvested trees. For example, coppice scarlet oaks and white oaks in the 
Appalachians produce abundant acorns within 25 years after harvest (Greenberg and 
Parresol 2002). Oak trees grown from seed in open conditions, such as nurseries, can 
produce acorns within 10 years (Scott Schlaurbaum, unpublished).
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Some hard mast production can be sustained if mature, mast-producing trees are 
retained, such as in partial harvest techniques like shelterwood, single-tree selection, 
and group-selection harvests. The level of potential hard mast production depends 
partly on the number of mature mast-producing trees remaining after the distur-
bance, but is also affected by the selection of individual trees. Production of hard 
mast by retained trees in recently disturbed forests is confounded by various factors 
that affect nut production by individual trees, including tree size, genetics, and site 
quality. The influence of tree size (diameter at breast height; dbh) on acorn pro-
duction is largely a function of crown area (Rose et al. in review). Larger-diameter 
oak trees generally have bigger crowns (Bechtold 2003) and thus can potentially 
produce more acorns than smaller-diameter trees. However, the influence of oak 
dbh on acorn density per unit of crown area is negligible (Greenberg and Parresol 
2002; Lashley et al. 2010).

Generally <50% of individual oaks of any given species are “good” producers, 
yet the majority of the total acorn crop at a site may be produced by these trees 
(Greenberg and Parresol 2002; Lashley et al. 2010). Thus, high acorn production 
levels could be potentially sustained with the removal of ³ 50% of individual oaks 
if good producers could be identified for retention (Lashley et  al. 2010). 
Unfortunately, no measurable parameter can predict whether an individual oak is 
a good producer or a poor producer other than observation of individual trees over 
several years.

Any sustained post-harvest increase in acorn production by residual oaks or 
hickories is difficult to detect with confidence because of variation in hard mast 
production among individual trees and years. However, studies have established a 
clear relationship between forest density and seed production in pines (e.g., Croker 
1952; Bilan 1960; Godman 1962), and foresters often thin pine stands to promote 
seed production.

Although few studies have evaluated the effects of stand density on mast pro-
duction by oaks and hickories, some research suggests heavy thinning may increase 
hard mast production by individual trees (Paugh 1970; Healy 1997; Perry and Thill 
2003). However, these reductions in tree density may reduce overall net production 
within a stand (Harlow and Eikum 1963; Minckler and McDermott 1960). Residual 
oaks and hickories may increase their production of nuts after thinning or timber 
harvests, likely a result of decreased competition, increased light to tree crowns, 
and possible increases in crown size over time (Perry and Thill 2003; Perry et al. 
2004). Thus, reducing the BA of forests may increase production by the individual 
hard mast-producing trees that are left (Perry and Thill 2003; Fig. 8.4). Areas with 
reduced BA could potentially maintain similar hard mast production indices to 
areas of mature, unthinned forest because of the greater output by individual resid-
ual trees (Perry and Thill 2003), while at the same time promoting soft mast and 
forage production in the understory. Reduced hard mast production in individual 
harvested forest stands that comprise a small proportion of a forested landscape 
may be relatively inconsequential, and may be offset by a large increase in fleshy 
fruit production.
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8.4 � Herbaceous Forage and Woody Browse

Many wildlife species, including white-tailed deer, rabbits (Sylvilagus spp.), Ruffed 
Grouse (Bonasa umbellus), Bobwhite Quail (Colinus virginianus), black bear, 
Eastern Wild Turkey (Meleagris gallopavo), voles (Microtus spp.), and cotton rats 
(Sigmodon spp.), use various forbs, grasses, brambles, and browse (leaves and twigs 
of woody species £ about 1.4 m above the ground) to meet nutritional demands, and 
many other species require this low vegetative stratum for nesting, food (soft mast, 
seeds, and arthropods), and cover from predators.
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Fig. 8.4  Relationship between BA and indices of mean hard mast production per tree for white 
oaks (Quercus alba) in 13–15 forest stands differing in total BA in the Interior Highlands 1, 2, 3, 
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Several studies within the Central Hardwood Region have evaluated forage 
availability following thinning and timber harvests (Morriss 1954; Ripley and 
Campbell 1960; Patton and McGinnes 1964; Della-Bianca and Johnson 1965; 
Moore and Downing 1965; Moore and Johnson 1967; Harlow and Downing 1969, 
1970; Beck and Harlow 1981; Ford et al. 1993; Tilghman 1989; Johnson et al. 1995; 
Lashley et al. in press). Substantial reductions in BA significantly increase light to 
the forest floor and stimulate growth and development of the understory (Morriss 
1954; Ford et al. 1993; Loftis et al., Chap. 5; Elliott et al., Chap. 7). In Texas pine-
hardwood forest, forage production (herbaceous and woody vegetation < 1.5  m 
height) increased eightfold to twelvefold – from 309–383 dry kg/ha (preharvest) to 
1,983–3,774 dry kg/ha – within 1–4 years after clearcutting and site preparation 
(Stransky and Halls 1978). In the Tennessee Ridge and Valley, forage availability 
(2008), dominated by tree species, was five times greater in shelterwood harvests 
(2001) followed by prescribed fire (2005) compared to mature forest controls (722 
dry kg/ha versus 129  kg/ha, respectively), and more than seven times greater in 
retention cuts followed by multiple burns (2001, 2005, 2007) compared to controls 
(940 dry kg/ha versus 129 kg/ha, respectively) (Lashley 2009). In the pine-hard-
wood forest of the Ouachita Mountains in Oklahoma, total mean forage availability 
was 16–24 times greater in stands where pine timber was harvested, hardwoods 
thinned, and winter prescribed burns conducted at 1, 2, 3, or 4-year intervals (2–4 
times) compared to mature forest controls (2,832–4,123 dry kg/ha versus 171 kg/ha, 
respectively); grasses composed the majority, whereas woody vegetation composed 
a small fraction of total forage (Masters et al. 1993). Forage availability in young 
forests declines appreciably after canopy closure (within 7–10 years), when sun-
light no longer reaches the forest floor, but gradually increases, albeit to a relatively 
lower level, as stands mature (Johnson et al. 1995; Beck 1983).

Site quality can have a significant effect on forage availability (Beck 1983). 
Herbaceous plant diversity and quantity may be greater on mesic, high-quality sites 
than on dry, low-quality sites (Elliott et al., Chap. 7). In contrast, woody sprouts gen-
erally dominate on dry, poor-quality sites after heavy thinning (Beck 1983; Crawford 
1971). Post-disturbance production of grasses and forbs may vary geographically, 
and with disturbance types and frequency (such as fire) (Spetich et al., Chap. 4).

In the Southern Appalachians nutritional quality of leaves from five woody 
browse species was similar between recent clearcuts and mature forest (Ford et al. 
1994). However, forage quality may be greater in young forest than in mature forest 
because of increased diversity of forbs and other shade intolerant plant species 
(Elliott et al., Chap. 7). In addition, a high density of stump sprouts or seedlings in 
young forest increases browse availability from species such as blackgum, red 
maple (Acer rubrum), yellow-poplar (Liriodendron tulipifera), sassafras, oak, and 
hickory (Harlow and Hooper 1972; Warren and Hurst 1981; Beck and Harlow 1981; 
Ford et al. 1994; Loftis et al., Chap. 5). Forage quality for a given species, whether 
herbaceous or woody, is related to stage of growth. New growth of any plant is more 
digestible than older growth; as plants mature, cell walls thicken and lignin content, 
which is relatively indigestible, increases (Ball et al. 2002). Thus, greater forage 
quality and nutritional carrying capacity of young forests compared to mature 
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forests is related to increased plant diversity, young foliar growth, and higher bio-
mass resulting from increased available sunlight.

Without periodic disturbances, woody vegetation grows into the midstory 
(Jackson et al. 2007), reducing forage availability and a thick understory structure 
that benefits several forest songbirds and other wildlife species (Della-Bianca and 
Johnson 1965; Jackson et al. 2007; Thatcher et al. 2007; Lashley 2009, Shifley and 
Thompson, Chap. 6; Franzreb et al., Chap. 9). Intense fire that kills trees, or timber 
stand improvement treatments, such as heavy thinning or retention cuts, can create 
or perpetuate open-canopy conditions typical of young forests. Low-intensity pre-
scribed fire in hardwood stands with an incomplete canopy cover can also maintain 
a diverse understory structure for various wildlife species without harming the 
residual overstory (Jackson et  al. 2007). Repeated low-intensity prescribed fire 
within a 7-year period following canopy reduction will also sustain greater forage 
production by impeding canopy closure (Lashley et al. in press). Without a reduc-
tion in canopy closure and an increase in available sunlight, low-intensity prescribed 
fire is relatively ineffective in maintaining high forage production and diverse under-
story structure (Jackson et al. 2007; Shaw et al. 2010; Lashley et al. in press).

8.5 � Arthropods

Arthropods are an important food source for many vertebrates. Most bird species in 
temperate deciduous forests are primarily insectivorous during the breeding season, 
and reproductive output may be limited by low food abundance (Holmes et al. 1986). 
Small, litter-dwelling arthropods are important for terrestrial salamanders (Duellman 
and Trueb 1986), whereas larger ground-dwelling arthropods are consumed by many 
birds, mammals, and larger amphibians and reptiles (Martin et al. 1951). Flying and 
foliar arthropods, such as Lepidoptera and Diptera, are important for many species 
of insectivorous birds and bats (Rodenhouse and Holmes 1992; Kurta et al. 1990; 
Loeb and O’Keefe, Chap. 10). Soil arthropods, such as larval beetles, are important 
components of skunk (Mephitis spp.) and shrew (Soricidae) diets (Martin et al. 1951). 
Forest condition and microclimate requirements differ among orders, families, 
and even species of arthropods (Greenberg and Forrest 2003). Therefore, forest 
disturbances that create open-canopy conditions have different effects on arthropod 
guilds, or groups, according to their habitat requirements. Disturbances that increase 
protective cover may benefit vertebrates that forage for arthropods and thus func-
tionally increase invertebrate availability (Jackson et al. 2007).

Results of studies on arthropod response to forest disturbances have been incon-
sistent. Discrepancies may result from differences in sampling methodologies, site 
quality, season or month(s) studied, and timing of disturbance. For example, litter 
extraction methods sample the abundance of litter-dwelling arthropods as a snap-
shot in time, whereas pitfalls and other trapping methods sample a combination of 
both arthropod abundance and activity levels (Swengel 2001). Efficiency of sweep 
net sampling, area sampled, and forest strata sampled may differ among vegetation 



1338  The Role of Young, Recently Disturbed Upland Hardwood Forest…

types because of differences in vegetation structure, thus biasing results (Harper and 
Guynn 1998). Insect activity periods differ among orders and species and studies 
conducted during different months may not be directly comparable. Disturbances 
that occur during peak activity periods or affect arthropod food sources could have 
a greater impact than disturbances during the non-growing season. Despite these 
types of inconsistencies, some general themes emerge, with overall responses to 
high-intensity disturbances and young forest conditions differing among litter-
dwelling, ground-dwelling, and flying/foliar arthropods.

Forest disturbances that reduce canopy cover, increase light, and increase tem-
perature at the forest floor, may result in decreased depth, cover, and moisture of leaf 
litter and cause declines in the biomass of litter- and ground-dwelling arthropods. 
Post-harvest reductions in leaf litter depth reported in the literature range from 14% 
to 70% (Buckner and Shure 1985; Ashe 1995), and may vary with site quality and 
the size and type of disturbance. However, the rapid growth of stump sprouts and 
other vegetation (Loftis et al., Chap. 5; Elliott et al., Chap. 7), and residual mature 
trees provide shade and replenish the leaf litter through leaf fall within 1–2 years 
post-disturbance (e.g., Greenberg and Waldrop 2008; Greenberg et al. 2010).

Ground- and litter-dwelling arthropod abundance and biomass is positively associ-
ated with leaf litter depth and moisture. For example, when compared to mature for-
ests, arthropod abundance or biomass is lower in large forest gaps created by wind 
disturbance (Greenberg and Forrest 2003), on unpaved roads and up to 100 m into the 
adjacent mature forest (Haskell 2000), in managed and unmanaged forest openings 
(Harper et al. 2001), and recently harvested cove- and upland hardwood forest stands 
(Whitehead 2003). Several orders, such as Carabidae, Julida, Scolopendromorpha, 
and Spirobolidae, may be more abundant in mature forests where leaf litter depth and 
cover are greater (e.g., Greenberg and Forrest 2003), but other orders, such as 
Orthoptera and Homoptera may be more abundant in disturbed forests with greater 
cover of forbs and young foliage (e.g., Hollifield and Dimmick 1995).

Burning may have short-term negative impacts on litter- and ground-dwelling 
macroarthropod communities by direct mortality, or indirectly by altering forest 
floor conditions. Impacts of burning also correspond with the intensity and patchi-
ness of burns, the availability of refugia, such as coarse woody debris, and the tim-
ing of burns in relation to taxon-specific life history traits (Swengel 2001). For 
example, burning during winter may affect ground-dwelling macroarthropods less 
because most of these species (including eggs and larvae) are underground and 
activity levels are generally low (Greenberg and Forrest 2003). Thus, life history 
traits, mobility, and behavior can mitigate direct effects of burning on arthropods.

Early spring burns may have little detectable impact on the relative abundance of 
ground dwelling arthropods (Coleman and Rieske 2006; Greenberg et  al. 2010). 
However, Kalisz and Powell (2000) reported a 36% reduction in total dry biomass 
of forest floor and soil invertebrates after a March burn on the Cumberland Plateau 
in Kentucky, primarily from reductions in Coleopterans and Coleopteran larvae. 
Litter-dwelling arthropods, such as springtails, may be more sensitive to prescribed 
fire than ground-dwelling arthropods. For example, single and multiple prescribed 
burns in early spring reduced litter-dwelling arthropod abundance by 83% the first 
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year and 48% the second year after burning in upland forests on the Cumberland 
Plateau in southeastern Kentucky (Coleman and Rieske 2006). Dress and Boerner 
(2004) reported lower relative abundance of microarthropods in an annually burned 
watershed where leaf litter mass was reduced, compared to periodically burned and 
unburned watersheds in southern Ohio. However, reduced leaf litter cover may 
increase arthropod availability to predators (Harper et al. 2001). Nevertheless, post-
burn recovery of leaf litter arthropods is rapid and corresponds with leaf litter 
replenishment the following year (Greenberg et al. 2010).

Abundance and species richness of flying/foliar arthropods is often associated 
with plant species richness and herbaceous groundcover because many of these 
arthropods feed on foliage of specific plants, pollen, or nectar of woody and herba-
ceous plants. For example, abundance or species richness of foliage- or floral-feeding 
arthropods tends to be lower in pasture monocultures (Hollifield and Dimmick 
1995; Burford et  al. 1999; Harper et  al. 2001; Fettinger et  al. 2002; Dodd et  al. 
2008). In the Central Hardwood Region, disturbance does not usually change spe-
cies richness of woody plants (Loftis et al., Chap. 5), but may increase richness of 
herbaceous plant species (Elliott et al., Chap. 7) or stimulate flowering and fruiting. 
In the southern Appalachians, the abundance of floral-visiting insects increased 
following hot prescribed fires that killed trees and increased herbaceous cover 
(Campbell et al. 2007). In the Ozark Mountains, moth occurrence was correlated 
with density and richness of woody plants, though abundance was similar among 
forest age classes (Dodd et al. 2008). Species richness and diversity of butterflies 
and their food- and host plants was higher in South Carolina early successional 
utility rights-of-way (Lanham et al., Chap. 12). In contrast, the abundance or spe-
cies richness of foliage- or floral-feeding arthropods tends to be lower where forest 
stands are converted to pasture dominated by graminoids of homogeneous composi-
tion (Hollifield and Dimmick 1995; Burford et al. 1999; Harper et al. 2001; Fettinger 
et al. 2002; Dodd et al. 2008).

Site quality may influence arthropod availability because of potential differ-
ences in herbaceous cover and richness, leaf litter depth, and moisture that are 
associated with topographic position (Harper et  al. 2001). In one study, three 
times more invertebrates occurred in mesic than xeric forest types, which in turn 
corresponded with herbaceous cover (Healy 1985). Other studies indicate that 
stand age is most important in determining arthropod abundance. In the Southern 
Appalachians, mature upland- and cove hardwood forests had more litter-dwell-
ing arthropods and fewer flying/foliar arthropods than young upland- or cove 
hardwood forests (Whitehead 2003).

8.6 � Small Mammals

Terrestrial small mammals (rats, mice, voles, shrews, squirrels, and rabbits) are the 
primary prey base for many species of vertebrates, including snakes, hawks, owls, and 
mammalian carnivores. For example, small mammals comprised 63% of Red-tailed 
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Hawk (Buteo jamaicensis) diets in hardwood forests of Pennsylvania (Sutton 1928), 
76% of copperhead (Agkistrodon contortrix) diets in hardwood forests of Tennessee 
(Garton and Dimmick 1969), and occurred in 13% of coyote (Canis latrans) stomachs 
(Gipson 1974) and 65% of bobcat (Lynx rufus) stomachs (Fritz and Sealander 1978) 
examined in Arkansas. Consequently, small mammals may be considered a food 
source, and their abundance may be viewed as food biomass for many predators.

Species of small mammals respond differently to young, open-canopy conditions 
created by forest disturbance throughout the Central Hardwood Region. In deciduous 
forests, some groups of small mammals (e.g., Peromyscus) may decline after intense 
disturbances (Kirkland 1990); however, overall abundance of small mammals as a 
group (with the exceptions of squirrels [Sciurus and Tamiasciurus]) is generally 
much greater in young, recently disturbed, open-canopy forests compared to mature, 
closed-canopy forests. For example, Kirkland (1990) evaluated 21 studies on effects 
of clearcutting on small mammals (rodents and sorcids) in North America and found 
a significant pattern of increased relative abundance of all species combined after 
clearcutting. Furthermore, he found three out of four studies examining small mam-
mal density reported increases after clearcutting. In hardwood forests of West 
Virginia, captures rates of all small mammals combined were 50% greater in 
8–9 year-old stands than in mature (>100 years old) stands (Healy and Brooks 1988). 
In the Interior Highlands of Arkansas and Oklahoma, overall abundance of small 
mammals is low in mature, closed-canopy forests (Perry and Thill 2005); however, 
reductions in BA via timber harvest can dramatically increase overall abundance. 
Capture rates of all small mammals combined in areas harvested via single-tree 
selection, group selection, shelterwood cuts, and clearcuts can be 4–7 times greater 
than in closed-canopy, mature forest (Perry and Thill 2005). 

Young forests provide the necessary habitat features for many species of small 
mammals. Abundance of some small mammals is correlated with coarse woody 
debris and logs (e.g., Loeb 1999; McCay 2000), and abundant woody debris often 
results from natural disturbances, such as windstorms or fires, or by logging and its 
associated slash. Shrub cover is also an important habitat component for many small 
mammals (e.g., Healy and Brooks 1988; Carey and Johnson 1995; Bellows et al. 
2001), and shrub cover is characteristically much greater in young forests than 
mature, closed-canopy forests. Increased food supply typically results in increased 
vertebrate density (Boutin 1989), and abundant hard mast, soft mast, and grass/weed 
seeds in young, recently disturbed forest may provide substantially more food for 
small mammals than in surrounding mature forests. Furthermore, many small mam-
mals, including voles, rabbits, and cotton rats, are primarily herbivores, and young, 
recently disturbed, open-canopy forest may provide substantially more herbaceous 
vegetation than mature forests. Declines in rabbit numbers in the eastern United 
States are attributable to changing land practices that reduced habitat, such as young 
forests, which provide critical cover for winter survival and predator evasion (Litvaitis 
2001). Consequently, young hardwood forests provide abundant structural compo-
nents and the necessary foods to support relative large densities of small mammals.

Many species of small mammals are associated with grasslands or hayfields 
(e.g., Hamilton and Whitaker 1979; Sealander and Heidt 1990), and in their earliest 
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stages of development, young forests may provide habitat similar to grasslands 
(abundant herbaceous vegetation) and attract species such as hispid cotton rats 
(S. hispidus) and deer mice (P. maniculatus). A portion of the increase in small 
mammal abundance in young, recently disturbed forest may be attributable to 
exploitation of these sites by non-forest small mammals, such as jumping mice 
(Zapus spp.) and voles (Kirkland 1990).

Predator activity may be greatest in areas with the most prey (e.g., Ozoga and 
Harger 1966; Litvaitis and Shaw 1980), and predators of small mammals are often 
abundant in early successional habitat where they take advantage of abundant prey 
and cover. Many predators of small mammals, including gray fox (Urocyon cinere-
oargenteus), bobcats, and many snakes use young forests, shrubby areas, or areas 
with dense understories for cover (e.g., Hamilton 1982; Haroldson and Fritzell 
1984; Kjoss and Litvaitis 2001; Perry et al. 2009) or avoid open areas with little 
cover (e.g.,Weatherhead and Prior 1992). For example, bobcats often prefer brushy 
areas or regenerating clearcuts where prey is most abundant (e.g., Hamilton 1982; 
Rolley and Warde 1985; Chamberlain et al. 2003). Furthermore, abundant burrows 
created by small mammals in areas of high small mammal abundance may provide 
habitat for predators such as snakes (Perry et al. 2009). Thus, young forest and 
other early successional or shrubby areas provide habitat for many predators of 
small mammals.

8.7 � Conclusion

Young upland hardwood forests of the Central Hardwood Region provide a number 
of functions important to many wildlife species. These young forests provide habitat 
necessary for many species, including dense cover, abundant shrubs for shrub-nesting 
birds, and open areas for aerial predators, and also function as high-quality food 
patches that generally provide greater levels of many food resources than mature 
forests. Food resources abundant in young upland hardwood forests include fleshy 
fruit, forbs and grasses , browse, arthropods, and small mammals. Continuous crea
tion of young forest patches through natural and silvicultural disturbance creates a 
shifting mosaic of age-classes and patch-sizes across the forested landscape. Partial 
reductions in tree density or canopy cover created by windstorms, hot fires, or 
partial timber harvests can provide a complex, heterogeneous forested landscape. 
Reductions in overstory tree density, while retaining some hard mast-producing 
trees, can promote production of fleshy fruit, foliage and flowers, and increase 
densities of arthropods and small mammals, while maintaining some level of hard 
mast production. Over time, young stands mature and provide other important 
features, such as high stem densities for grouse (Jones et al. 2008), or mature forest 
conditions that provide habitat for “forest interior” bird species (Greenberg and 
Lanham 2001). Balancing the creation of young, recently disturbed forest areas with the 
desired amount and distribution of other forest age classes will sustain high-quality 
food patches for wildlife within a landscape context.
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Abstract   Early successional habitats are an important part of the forest landscape 
for supporting avian communities. As the frequency and extent of the anthropo-
genic disturbances have declined, suitable habitat for scrub-shrub bird species also 
has decreased, resulting in significant declines for many species. We related changes 
in the proportion and distribution of small-diameter upland hardwood forest throughout 
the eastern USA (US Forest Service Forest Inventory and Analysis data) with North 
American Breeding Bird Survey data (US Geological Survey) on population trends 
of 11 species that use early successional hardwood forest. The availability of small-
diameter upland hardwood forest has changed over the past four decades, with the 
biggest differences seen as declines from the 1990s to the 2000s. Most scrub-shrub 
species also declined since the inception of the Breeding Bird Survey in 1966. The 
declines in most of the bird species, however, did not closely track the changes in 
small-diameter forest availability. Scrub-shrub birds use a variety of habitats that 
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originate from a diverse array of disturbance sources. The total availability of these 
habitats across the region apparently limits the populations for these species. 
A comprehensive management strategy across all of these types is required to 
conserve these species.

9.1 � Introduction 

Conservation biologists have become increasingly aware of the plight of wildlife 
species that require the early stages of forest succession for habitat. Two journals 
recently dedicated sections on this topic (Thompson et al. 2001; Litvaitis 2003). 
Historically, disturbances in forest ecosystems from natural and anthropogenic 
sources created a mosaic of habitats ranging from the earliest stages of succession 
through old growth conditions (see Greenberg et al., Chap. 1; White et al., Chap. 3). 
A multitude of wildlife species are adapted to take advantage of young forest habi-
tats created by these disturbances and populations of many are declining as aban-
doned farmland and pastures return to forest and recently harvested or disturbed 
forests re-grow (Greenberg et al., Chap. 1). For example, populations of many avian 
species that breed in small-diameter forested habitats are declining throughout the 
eastern United States (Askins 2001; Brawn et al. 2001; Hunter et al. 2001; Dettmers 
2003), as are some that breed in mature forests but use small-diameter forested habi-
tats during the post-breeding season (Marshall et  al. 2003; Bulluck and Buehler 
2006; Vitz and Rodewald 2006).

Early successional habitats arise from a variety of natural and anthropogenic 
disturbance sources, including catastrophic weather (tornados, hurricanes, severe 
ice storms, flooding), wild fire, grazing, clearing of land for agriculture and sub-
sequent abandonment, insect outbreaks, creation and management of utility 
rights-of-way, roadside edges, mining, and forest management (Greenberg et al., 
Chap. 1). Numerous studies have documented avian response to various types of 
forest management at the stand scale (e.g., Annand and Thompson 1997; 
Krementz and Christie 2000; Pagen et al. 2000; Marshall et al. 2003; Rodewald 
and Vitz 2005; Vitz and Rodewald 2006; Campbell et al. 2007) and at the land-
scape scale (e.g., Thompson et al. 1992; Bourque and Villard 2001; Rodewald 
and Yahner 2001a; Rodewald and Yahner 2001b; Gram et al. 2003). The effect of 
clearcutting on birds at the stand scale in eastern forests has received the most 
research attention (Sallabanks et  al. 2000). Studies on avian response to other 
sources of disturbance are available but less numerous (e.g., King and Byers 
2002; Tingley et al. 2002; Confer and Pascoe 2003; Lacki et al. 2004; Bulluck 
and Buehler 2006). Maintaining a mosaic of different stand age classes (i.e., dif-
fering years post-harvest) in a forested landscape can provide habitat for a diver-
sity of avifauna, especially when the requirements of regional species of concern, 
patch size, and landscape context are considered (King et al. 1998; Krementz and 
Christie 2000; King et  al. 2001; Rodewald and Yahner 2001a; Rodewald and 
Yahner 2001b; Gram et al. 2003).
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Our goals were to (1) summarize the changes in availability of small-diameter 
upland hardwood forests in the eastern USA over time based on analysis of US 
Forest Service Forest Inventory and Analysis (FIA) data, and (2) examine popula-
tion trends for scrub-shrub avian species that use these small-diameter upland hard-
wood habitats based on US Geological Survey North American Breeding Bird 
Survey (BBS) data analyses. Finally, we evaluate how well the avian population 
trends track documented changes in small-diameter hardwood forest availability in 
the region. FIA data represent the only source of stand-level data collected over the 
entire area of upland hardwood forest in the eastern USA with a statistically-sound 
sampling design and standardized data collection protocols (Bechtold and Patterson 
2005). We analyzed changes in small-diameter forests, rather than forest stand age, 
because birds respond to changes in the structural properties of forests (Raphael 
et al. 1987; Diaz et al. 2005), and those properties may vary considerably within the 
young age class depending on tree species composition and site productivity (Moran 
et al. 2000). We believe that tracking forests of the structure required by scrub-shrub 
birds would be a better fit than using age as the classification criterion. Even so, 
small-diameter forests in the FIA database represent a subset of the potential avail-
able habitat for many eastern scrub-shrub birds. Hence, we are assessing the rela-
tionship between FIA small-diameter forests and population trends for this suite of 
bird species.

9.2 � Approach

We conducted analyses at three spatial scales: (1) the upland hardwood forest area of 
the eastern USA as defined by three Bird Conservation Regions (BCRs), (2) within 
three BCRs, and (3) within BCR-state intersections (Fig.  9.1). Bird Conservation 
Region boundaries are described on the BBS website (www.mbr-pwrc.usgs.gov/bbs/) 
and were designed to provide a spatial framework for avian conservation planning 
under the North American Bird Conservation Initiative (NABCI). Data from ten states 
within three BCRs (Central Hardwoods, Appalachian Mountains, and Piedmont; 
Fig. 9.1) are included in the analysis and largely overlap the Central Hardwood Region 
considered in this book (see Greenberg et al., Chap. 1). The Central Hardwoods BCR 
includes the Ozark Mountains on the west and extends eastward including the Interior 
Low Plateau with the entire area being dominated by oak-hickory (Quercus-Carya) 
deciduous forest. The Appalachian Mountains BCR contains the Blue Ridge, Ridge 
and Valley, Cumberland Plateau, Ohio Hills and the Allegheny Plateau. This area is 
characterized at lower elevations by oak-hickory and other deciduous forest types and 
at higher elevations by various combinations of pine (Pinus spp.), hemlock (Tsuga 
canadensis), spruce (Picea spp.), fir (Abies spp.), northern hardwoods, and northern 
red oak (Q. rubra). The Piedmont BCR is considered to be transitional between the 
rugged, mountainous Appalachians dominated by hardwoods and the relatively flat 
Coastal Plain dominated by pines and mixed southern hardwoods. For detailed descrip-
tions of these upland hardwood forest types see Chap. 2 (McNab).
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In addition, we examined data for ten states individually that were within the three 
referenced BCRs. Only FIA plots that fell inside the boundaries of the BCRs of interest 
were included in the state totals, thus the numbers do not represent complete state-
level coverage. The states included were Alabama, Arkansas, Georgia, Kentucky, 
Missouri, North Carolina, South Carolina, Tennessee, Virginia, and West Virginia.

9.2.1 � Forest Inventory and Analysis (FIA)

We used FIA data to identify small-diameter hardwood forests, based on dominance 
at the stand level by small-diameter hardwood trees. We examined trends in avail-
ability of small-diameter hardwood forests across four decadal time periods (1970s, 
1980s, 1990s, and 2000s) within the three BCRs of interest. The sample population 
was defined by intersecting the outline of BCRs with FIA plot locations in ten states 
using ESRI ArcGIS (Fig. 9.1). FIA plots were located on the map using actual 
coordinates collected in the field, with the exception of plot locations in Missouri 

Fig. 9.1  States and Bird Conservation Regions used for the analysis of early successional upland 
hardwood forests and avian population trends
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and West Virginia, where FIA “perturbed and swapped” locations were based on 
availability at the time of analysis (Bechtold and Patterson 2005). Survey periods 
and numbers of plots used in this analysis varied by state (Table 9.1).

We analyzed county aggregates of selected plots as the sample unit (Fei and 
Steiner 2007; Oswalt and Turner 2009; Fig. 9.2). We calculated metrics based on 
timberland areas within BCRs. Timberland is defined by FIA as “forest land that is 
producing or capable of producing in excess of 20 cubic feet per acre per year of 

Table 9.1  States, years, and number of plots within three Bird Conservation Regions in the 
eastern USA used to analyze trends in availability of small-diameter hardwood forests by decade

State

Year in decade

1970s 1980s 1990s 2000s

Alabama 1972 1982 1990 2008
Arkansas 1978 1988 1995 2007
Georgia 1972 1989 1997 2008
Kentucky 1988 2007
Missouri 1989 2008
North Carolina 1974 1984 1990 2007
South Carolina 1976 1986 1993 2007
Tennessee 1980 1989 1999 2007
Virginia 1977 1985 1992 2008
West Virginia 1989 2006

Total Number of Plots 12,479 29,926 22,074 25,603

Sample Size
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Fig. 9.2  Number of sample units (county aggregates of plots, n) used in statistical analysis by year 
and Bird Conservation Region
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wood at culmination of mean annual increment.” This definition excludes reserved 
forest land and “unproductive” forest land. Until recently, FIA collected individual 
tree metrics only on timberland, thus, for trend analysis utilizing specific plot and 
tree metrics, timberland must be used (Bechtold and Patterson 2005). The total 
timberland area in hectares (TTA), total hardwood timberland area (THA), and total 
small-diameter hardwood timberland area (TSD) were calculated for each 
Decade-State-BCR-County combination. Some states were not sampled in some 
decades (for example, Kentucky only was sampled in two of the four decades). 
Thus, sample size and area differed through time. Therefore, to facilitate compari-
son among decades, area estimates were normalized for analysis by converting raw 
numbers to proportions, yielding the proportion of total timberland area that was 
hardwood (PTTA), the proportion of total timberland area that was small-diameter 
hardwood (PTSD), and the proportion of total hardwood timberland that was small-
diameter (PTHA). Concerns that the use of proportions might produce erroneous 
results with regards to changes in avian habitat if raw TTA and raw TSD both 
experienced declines but PTSD remained stable were relieved by Smith et al. (2009), 
who showed that in the regions encompassing the BCRs of interest, timberland area has 
remained stable or increased since the mid-1970s. We were unable to use discrete area 
numbers because not all states were sampled in each decade. Thus, the sample area was 
not the same and discrete area values would reflect the differences in sample area 
instead of true differences in forest acreage. Hardwood stands were identified as 
those falling within a pre-selected set of FIA forest-type groups containing primarily 
hardwood species (Table 9.2). Small-diameter stands were identified using the FIA 
variable STDSZCD, which defines small-diameter stands as “stands with an all live 
stocking value of at least 10 (base 100) on which at least 50% of the stocking is trees 
less than 12.7 cm in diameter” (USDA Forest Service 2009).

Analyses of variance were used to determine changes in PTTA, PTSD, and 
PTHA over time across the whole study area, by BCR, and by state. Generalized 
least square means were compared among decades for each ANOVA. We also pro-
vide data from the latest publication of the nationwide USDA Forest Service, Forest 
Resources of the United States report (Smith et  al. 2009) for comparison with 
localized results.

9.2.2 � Breeding Bird Survey (BBS) Analyses

We used data analyses from the North American BBS to examine avian population 
trends covering the time periods 1966–1979 and 1980–2007, and the combined 
period of 1966–2007 (Sauer et al. 2008). We examined population trends for scrub-
shrub species to determine which species were undergoing changes and the direc-
tion (increasing or decreasing) of change in the three BCRs and the ten aforementioned 
states. We used the species group designations of Sauer et  al. (2008) to identify 
scrub-shrub species. In addition, we provide detailed analyses on 11 representative 
scrub-shrub species of eastern upland hardwood forest.
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Beginning in 1966, the BBS has been conducted annually and provides the only 
long-term database on breeding birds in North America. During the survey, observers 
collect data along a series of 24.5 mile routes using the point count method of record-
ing all birds heard or seen within 0.25 miles of the point over a three-minute period. 
Points are established every 0.5 mile along the routes and data are collected using 
standardized collection protocols. The data are then forwarded to the US Geological 
Survey (USGS) for analysis by BBS staff using the route-regression procedure 
(Geissler and Sauer 1990) and modified through the use of estimating equations (Link 
and Sauer 1994). Their null hypothesis is that there has been no population change for 
the time period with a significance level of P < 0.10. BBS data do not categorize veg-
etation or stand type at the point or route level. Hence, the data presented here are not 
restricted to only situations where the species occurred in early successional habitats.

Considerable controversy exists regarding the methods used to collect and ana-
lyze BBS data and, hence, the conclusions derived from it. Limitations of the meth-
odology have been discussed in various venues (Sauer and Droege 1990; Peterjohn 
et al. 1995; James et al. 1996; Thomas and Martin 1996) and will not be discussed 
further here. In spite of this controversy, the different methods usually yield similar 
results, although the estimated rates of change may differ (Peterjohn et al. 1997).

9.2.3 � Bird-Habitat Change Analyses

We regressed annual bird population change on annual change in availability of 
small-diameter hardwood forests using simple linear regression to test hypotheses 
that bird population trends were related to changes in small-diameter forest habitat 
availability for the 11 focal avian species. The percent change per year in small-
diameter upland hardwood forest for each state (n = 10 states) was the independent 
variable. The annualized change in the index of relative abundance for a given avian 
species was the response variable. We measured total change in small-diameter for-
est hectares per time period as described above and then calculated a percent change 
per year index. We used the earliest forest inventory date and the latest forest inven-
tory date for each state to determine the number of years in the time period. We then 
used that same time period for calculating the percent change/year in bird relative 
abundances based on analysis tools provided by Sauer et al. (2008). The number of 
years used in the analyses varied depending on when the first forest inventory was 
completed in a given state (range = 17 years from 1989 to 2006 for West Virginia to 
36 years from 1972 to 2007 for Georgia). Regression assumptions include (1) linearity 
of the relationship between dependent and independent variables; (2) independence 
of the errors (no serial correlation); (3) homoscedasticity; and (4) normality of 
the error distribution. We evaluated regression models for compliance with these 
assumptions with plots of residuals versus predicted values and normal probability 
plots of residuals. In general, the individual regressions met assumptions, thus 
no transformations were required. The regression assumption of measurement of 
the x and y variables without error was generally not met because data used in the 
regression were averaged values.
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9.3 � Results and Discussion

9.3.1 � Availability of Small-Diameter Upland Hardwood Forests

Hardwood area trends, as a proportion of total timberland, varied by BCR and 
time. In the Appalachian Mountains BCR, PTTA increased between the 1970s and 
1990s, and then increased again between the 1990s and 2000s (P = 0.0075; Fig. 9.3). 
In the Central Hardwood BCR, PTTA remained stable across all four decades 
(P = 0.0810). The PTTA increased in the Piedmont BCR between the 1980s and 1990s 
(P < 0.0001). Timberland in the Appalachian Mountains and Central Hardwoods 
BCRs was predominantly hardwood, and contained the highest proportion of 
hardwood to softwood timberland in the study (91.2 ± 4.1 and 86.2 ± 0.9% in the 
2000s, respectively). In comparison, the Piedmont BCR sample area was composed 
of approximately 60.8 ± 1.4% hardwoods in the 2000s.

Proportionally, the area of small-diameter hardwood timberland across the entire 
sample of interest remained stable from the 1970s to the 1980s (27.0 ± 0.7 and 
26.8 ± 0.7%, respectively), increased in the 1990s to 32.3 ± 0.8%, then declined in 
the 2000s to 21.7 ± 0.6% (P < 0.0001; Fig. 9.4). In the Appalachian Mountains BCR, 
no differences occurred from the 1970s to the 1980s (18.0 ± 1.3 and 16.0 ± 0.9%, 
respectively), but small-diameter area increased in the 1990s to 19.6 ± 1.4% of hard-
wood timberland before declining precipitously to 11.7 ± 0.9% in the 2000s 
(P < 0.0001). Small-diameter hardwood area was stable in the Central Hardwoods 
BCR from the 1970s through the 1990s (23.8 ± 2.2, 21.5 ± 1.2, and 21.8 ± 1.8%, 
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Fig. 9.3  Proportion of timberland in selected hardwood forest types by Bird Conservation Region 
and time period for all size classes
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respectively), but declined in the 2000s to 9.1 ± 0.6% of total hardwood timberland 
area (P < 0.0001). In the Piedmont BCR, small-diameter hardwood forest area 
increased between the 1970s and the 1990s from 22.3 ± 1.3 to 27.1 ± 1.3%, then 
decreased in the 2000s to 23.0 ± 1.4% (P = 0.0418).

Within the BCRs of interest, state-level changes in the proportion of hardwood 
timberland that consisted of small-diameter stands varied by state and by year, and 
were not consistent across the region, though most states did show overall declines 
from the 1970s to the 2000s (Table 9.3). Small-diameter area as a proportion of total 
hardwood timberland decreased in Alabama between the 1990s and 2000s, after three 
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Fig. 9.4  Proportion of timberland that is small-diameter hardwood within three hardwood-dominated 
Bird Conservation Regions, eastern USA

Table 9.3  Proportion (in percent) of hardwood timberland comprised of small-diameter stands 
(+/− 1 se) by state and year within three Bird Conservation Regions in the eastern USA

State 1970 1980 1990 2000 P-value

Alabama 38.3 (2.7)A 33.4 (2.4)A 34.8 (2.5)A 24.7 (2.2)B 0.0013
Arkansas 35.0 (4.9)A 32.0 (4.4)A 22.9 (4.0)AB   8.4 (1.2)B <0.0001
Georgia 16.6 (1.9)A 24.0 (2.0)B 26.4 (2.1)C 18.9 (2.0)A 0.0014
Kentucky – 18.8 (1.7)A – 10.1 (0.9)B <0.0001
Missouri – 20.9 (1.2)A –   7.7 (0.8)B <0.0001
North Carolina 16.6 (2.0)A 17.3 (1.9)A 21.4 (2.3)A 22.7 (2.8)A 0.1643
South Carolina 25.6 (2.8)A 24.0 (2.5)A 31.1 (2.4)A 26.1 (3.2)A 0.3040
Tennessee 17.5 (1.4)A 16.9 (1.3)A 21.0 (1.7)AB   9.3 (0.9)C <0.0001
Virginia 17.9 (1.7)A – 15.5 (1.3)A 11.3 (1.2)B 0.0058
West Virginia – 10.8 (0.8)A – 10.7 (2.5)A 0.9808

P-values are for ANOVA tests for differences among decades within each state; values are generalized 
least square means and values in a row with the same letter are not significantly different (P > 0.05)



1539  Population Trends for Eastern Scrub-Shrub Birds Related…

decades of remaining stable (P = 0.0013). In Arkansas, the small-diameter area 
declined, but the decline occurred gradually across all four decades (P < 0.0001). 
Unlike Arkansas, the small-diameter proportion of hardwood area in Georgia 
increased from the 1970s to the 1990s, but then decreased in the 2000s to levels that 
were similar to those noted in the 1980s (P = 0.0014). Observations for both Kentucky 
and Missouri only existed for two time periods, the 1980s and the 2000s; the pro-
portion of hardwood area in small-diameter timberland declined between those 
decades in both states (P < 0.0001 and P < 0.0001, respectively). In Tennessee, small-
diameter timberland increased in proportion from the 1970s to the 1990s, then 
declined significantly by the 2000s (P < 0.0001). Virginia, like Arkansas, experi-
enced a steady decline in the proportion of hardwood timberland in small-diameter 
stands (P = 0.0058). Finally, North Carolina, South Carolina, and West Virginia 
experienced no changes in small-diameter area proportions among decades 
(P =0.1643, 0.3040, and 0.9808, respectively).

The Forest Resources of the United States, 2007 report (Smith et al. 2009) allows 
for comparisons from 1953 to 2007, but does not discriminate between hardwood 
and softwood forest types. Although total timberland area increased in the Northeast, 
proportionally, the area of small-diameter stands has declined since 1977. In the 
North Central Region, despite increases in total timberland since 1977, declines in 
small-diameter stands have occurred while large-diameter stands (³28 cm diameter at 
breast height [dbh] for hardwoods and ³ 23 cm dbh for softwoods) increased propor-
tionally (Fig. 9.5). In contrast, Southeast and South Central Regions have maintained 
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Fig. 9.5  Timberland area in four sub-regions of the USA by stand-size class (data from the Forest 
Resources of the United States, 2007 (Smith et al. 2009))
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relatively constant proportions of small-diameter timberland on an expanding 
timberland base since the 1950s, with decadal fluctuations in the South Central 
Region, particularly. While the proportion of large-diameter area has increased 
steadily in both southern regions, the amount of medium-diameter rather than small-
diameter area has decreased.

Our results suggested that hardwood forest area increased from the 1970s–2000s 
in the Appalachian Mountains and Piedmont BCRs and remained stable in the 
Central Hardwoods BCR. Because of the stability of the total timber resource, and 
the relative stability of the overall hardwood resource, we were able to focus on the 
proportion of that resource that was small-diameter, or early successional, habitat. 
Declines in small-diameter stands as a proportion of the overall hardwood resource 
were most notable in the Central Hardwoods and Appalachian Mountains BCRs 
where declines resulted in small-diameter stands comprising less than 12% of hard-
wood timberland by the 2000s. In contrast, while we noted proportional declines 
from the 1990s to the 2000s in the Piedmont BCR, there was no net change from the 
1970s, and small-diameter stands still comprised between 34% and 36% of total 
hardwood timberland. In comparison to our study, Oswalt and Turner (2009) 
reported that the area of timberland in the Appalachian Hardwood Region (having 
only slightly different boundaries than our Appalachian Mountains BCR) remained 
stable during the 1980s–2000s, but acreage in the small-diameter stand size 
decreased while the larger diameter size classes increased. In addition, they note 
that total diameter distributions of hardwood trees shifted to larger diameter classes 
during the same period (Oswalt and Turner 2009).

Within the area of interest at the state level, overall declines in the PTSD from 
the 1970s to the 2000s were noted in Alabama, Arkansas, Kentucky, Missouri, 
Tennessee, and Virginia. In contrast, Georgia, Mississippi, and South Carolina 
experienced increases through the 1990s followed by declines to pre-1990s levels, 
while North Carolina experienced overall increases and West Virginia experienced 
no change.

The USDA Forest Service national report (Smith et al. 2009) showed declines in 
small-diameter timberland acreage across all forest types, not just hardwoods, 
between the 1990s and 2000s in the Southeast, South Central, and North Central 
Regions while the area of large-diameter timberland acreage has increased across 
those regions. Small-diameter area in the southern regions in that report was likely 
influenced by pine plantation dynamics (Smith et  al. 2009). The most notable 
decline shown in the report was in the North Central Region, where the area of tim-
berland comprised of small-diameter stands has been steadily declining since the 
1950s (Smith et al. 2009).

The FIA program has undergone many changes since the 1970s, including 
switching from measuring plots using a variable-radius prism plot design to a fixed-
radius, annual remeasurement plot design, changing plot remeasurement cycles, 
fluctuating plot lists, and changes in definitions and estimation methods (Bechtold 
and Patterson 2005). These changes have accompanied the transition of FIA from a 
series of regional programs to a nationally consistent program that is comparable 
from state to state across regional boundary lines. Therefore, some changes noted in 
our analysis may reflect changing FIA methodologies.
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9.3.2 � Bird Trends

Mean annual indices of relative abundance (individuals per BBS route per year) 
declined for eight of the nine focal species that occurred in the Central Hardwoods 
BCR over the three time periods (Fig. 9.6). In the Appalachian Mountains BCR, the 
pattern of change is clearly stronger than in the other BCRs, as declines are more 
pronounced for almost all the species (Fig. 9.7). In the Piedmont BCR, the species 
declined more frequently during 1966–1979 than in 1980–2007 or the overall period 
(1966–2007) (Fig. 9.8).

Of the eleven focal species, the Eastern Bluebird (Sialia sialis) was the only spe-
cies that increased (0.4–2.4%/year) in all three BCRs and survey-wide (2.2%/year) 
(Fig. 9.9). Seven of eleven species declined across all of the BCRs in which they 
occurred (Fig.  9.9). Golden-winged Warblers (Vermivora chrysoptera) in the 
Appalachian Mountains BCR appeared to be undergoing the greatest population 
decline (−8.9%/year) of any of the 11 focal species (Fig. 9.7). Population trends for 
1966–2007 in the three BCRs indicate that there were seven species-time period 
combinations in which focal species were increasing and 22 combinations in which 
they were decreasing (Fig. 9.9).
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Fig. 9.6  Percent change in relative abundance (individuals/route/year) for scrub-shrub focal avian 
species in the Central Hardwoods Bird Conservation Region (1966–1979, 1980–1997, 1966–2007) 
based on North American Breeding Bird Survey data analyses (Sauer et al. 2008). Bird species 
abbreviations: NOBO Northern Bobwhite, EABL Eastern Bluebird, GRCA Gray Catbird, BWWA 
Blue-winged Warbler, PRAW Prairie Warbler, YBCH Yellow-breasted Chat, EATO Eastern Towhee, 
FISP Field Sparrow, INBU Indigo Bunting
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Fig. 9.7  Percent change in relative abundance (individuals/route/year) for scrub-shrub focal avian 
species in the Appalachian Mountains Bird Conservation Area (1966–1979, 1980–1997, 1966–
2007) based on North American Breeding Bird Survey data analyses (Sauer et  al. 2008). Bird 
species abbreviations: NOBO Northern Bobwhite, EABL Eastern Bluebird, GRCA Gray Catbird, 
BWWA Blue-winged Warbler, GWWA Golden-winged Warbler, CSWA Chestnut-sided Warbler, 
PRAW Prairie Warbler, YBCH Yellow-breasted Chat, EATO Eastern Towhee, FISP Field Sparrow, 
INBU Indigo Bunting

Considering all scrub-shrub breeding bird species, the Central Hardwoods and 
Appalachian Mountains BCRs experienced the greatest number of significantly 
declining species, 14 (64%) and 15 (54%) respectively (Table 9.4). These estimated 
losses ranged from a low of −0.32%/year in the Central Hardwood BCR for the 
Northern Cardinal (Cardinalis cardinalis) to a high of −17.28%/year for the Bewick’s 
Wren (Thryomanes bewickii) in the Appalachian Mountains BCR (Table 9.4). In con-
trast, 23% (five species) and 12% (four species) were estimated as having long-term 
increases in population trend for the Central Hardwoods and Appalachian Mountains 
BCRs, respectively (Table 9.4). Fewer species were undergoing significant declines 
in the Piedmont BCR (seven species), although species with declining trends still 
outnumbered those with apparent significant increasing trends (Table 9.4).

In all ten states, there have been significant population declines in the Northern 
Bobwhite (Colinus virginianus), ranging from −1.97%/year in Missouri to −8.86%/
year in West Virginia (Table  9.5). Prairie Warblers (Dendroica discolor) experi-
enced the highest rate of loss (−22.66%/year) of any species in these states 
(Table 9.5). Species with significant population declines appeared to be declining in 
all states in which they were observed (Table 9.5). There were at least five species 
each in Arkansas and Georgia and 12 species each in Kentucky and Tennessee that 
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Bird Species
NOBO EABL GRCA BWWA CSWA PRAW YBCH EATO FISP INBU

Pe
rc

en
t C

ha
ng

e

−10

−8

−6

−4

−2

0

2

4

6

8

1966-1979

1980-2007 

1966-2007

Fig. 9.8  Percent change in relative abundance (individuals/route/year) for scrub-shrub avian focal 
species in the Piedmont Bird Conservation Area (1966–1979, 1980–1997, 1966–2007) based on 
North American Breeding Bird Survey data analyses (Sauer et al. 2008). Bird species abbrevia-
tions: NOBO Northern Bobwhite, EABL Eastern Bluebird, GRCA Gray Catbird, BWWA Blue-
winged Warbler, CSWS Chestnut-sided Warbler, PRAW Prairie Warbler, YBCH Yellow-breasted 
Chat, EATO Eastern Towhee, FISP Field Sparrow, INBU Indigo Bunting

apparently experienced significant long-term population losses (Table  9.5). The 
proportion of species with significant population declines ranged from a low of 14% 
in Mississippi to a high of 63% for Tennessee (Table 9.5).

Of the ten states, only Alabama had no species that were apparently undergoing 
a population increase (Table 9.5). Georgia and Kentucky each had five species that 
were increasing (Table 9.5). Approximately 28% of the species in Georgia were 
increasing, the highest proportion of any of these states (Table  9.5). Population 
trend increases were found for the Carolina Wren (Thryothorus ludovicianus) 
(1.21–3.73%/year), House Wren (Troglodytes aedon) (2.57–9.84%/year), and 
American Goldfinch (Carduelis tristis) (1.61–3.29%/year) (Table 9.5). More spe-
cies were experiencing apparent significant declines in their long-term populations 
than were increasing and the rates of loss were more pronounced than were the 
gains (Table 9.5).

Based on our review of regional and state-level BBS data on scrub-shrub birds, it 
is clear that this group of species has consistently declined across the region over the 
past 40 + years that surveys have been conducted. The relative rates of decline vary 



158 K.E. Franzreb et al.

by species, time period, region, and state. Eastern Bluebirds, for example, generally 
have been increasing. Eastern Bluebirds will use the early stages of forest succession 
but also occur in a variety of field habitats and have benefitted from the extensive use 
of nest boxes in rural areas across the region (Gowaty and Plissner 1998).

9.3.3 � Relationship Between Bird Trends and Small–Diameter 
Forest Trends

Several scrub-shrub species are declining precipitously and have already attracted con-
siderable conservation attention. Based on our regression analysis, the apparent reasons 
for these declines go beyond the decline in availability of small-diameter hardwood for-
est habitats as defined in this study. Golden-winged Warblers, for example, are declining 
along BBS routes at an incredible rate of almost 9% per year in the Appalachian 
Mountains BCR, resulting in loss of over 98% of the 1966 population. The decline of 
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Fig. 9.9  Percent change in relative abundance (individuals/route/year) for scrub-shrub avian focal 
species by Bird Conservation Region, 1966–2007 based on North American Breeding Bird Survey 
data analyses (Sauer et al. 2008). Bird species abbreviations: NOBO Northern Bobwhite, EABL 
Eastern Bluebird, GRCA Gray Catbird, BWWA Blue-winged Warbler, GWWA Golden-winged 
Warbler, CSWS Chestnut-sided Warbler, PRAW Prairie Warbler, YBCH Yellow-breasted Chat, 
EATO Eastern Towhee, FISP Field Sparrow, INBU Indigo Bunting
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Table 9.4  Significant (P < 0.10) population trends (% change/year) for scrub-shrub breeding bird 
species by Bird Conservation Region (BCR) based on North American Breeding Bird Survey data 
analyses (Sauer et al. 2008) for 1966–2007

BCR trend (% change/year)

Central  
Hardwoods

Appalachian 
mountains Piedmont

Decreasing species
Northern Bobwhite (Colinus virginianus) −3.15 −6.47 −4.92
Bewick’s Wren (Thryomanes bewickii) −4.71 −17.28
House Wren (Troglodytes aedon) −1.05
Gray Catbird (Dumetella carolinensis) −2.28
Brown Thrasher (Toxostoma rufum) −1.48 −1.19
Blue-winged Warbler (Vermivora pinus) −2.80 −3.13
Golden-winged Warbler (V. chrysoptera) −8.73
Nashville Warbler (V. ruficapilla) −5.49
Yellow Warbler (Dendroica petechia) −2.44
Prairie Warbler (D. discolor) −2.43 −4.97 −1.22
Common Yellowthroat (Geothlypis trichas) −1.04 −0.52
Yellow-breasted Chat (Icteria virens) −1.38 −3.70
Eastern Towhee (Pipilo erythrophthalmus) −1.71 −1.68
Field Sparrow (Spizella pusilla) −2.83 −3.44 −2.77
Lark Sparrow (Chondestes grammacus) −3.10
Song Sparrow (Melospiza melodia) −0.58
Northern Cardinal (Cardinalis cardinalis) −0.32
Blue Grosbeak (Guiraca caerulea) −0.67
Indigo Bunting (Passerina cyanea) −1.25 −1.19 −0.52
American Goldfinch (Carduelis tristis) −1.21
Species with significant negative trends (%) 64 54 32

Increasing species
Willow/Alder Flycatcher (Empidonax spp.) 1.28 2.41
White-eyed Vireo (Vireo griseus) 1.21
Carolina Wren (Thryothorus ludovicianus) 2.47 2.33 1.29
House Wren (T. aedon) 3.71
Eastern Bluebird (Sialia sialis) 2.4 0.9 2.4
Chestnut-sided Warbler (D. pensylvanica) 1.32
Song Sparrow (M. melodia) 0.79
Northern Cardinal (C. cardinalis) 0.50
Blue Grosbeak (G. caerulea) 2.32
American Goldfinch (Carduelis tristis) 0.70 2.00
Species with significant positive trends (%) 23 12 26

this species has led to the formation of the Golden-winged Warbler Working Group that 
is focused on developing and implementing conservation strategies for this and other 
scrub-shrub species (Buehler et al. 2007). Although Golden-winged Warblers use small-
diameter upland hardwood forests, their habitat requirements are more specialized in 
that they require herbaceous components interspersed with saplings, shrubs, and mature 
trees (Klaus and Buehler 2001). These conditions are seldom found in regenerating 
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forests unless the forests are located in northern regions where tree growth is slow 
(e.g., Wisconsin), or if management action is taken to slow tree growth and promote 
herbaceous plant growth, such as with herbicides, grazing, or prescribed burning. 
Although the regression analysis was suggestive of a relationship with availability of 
small-diameter hardwood forests, Golden-winged Warbler population declines far 
exceed the rates of decline in small-diameter forests in the Appalachian Mountains BCR 
over the past 20 years. The decline in small-diameter forests in concert with the decline 
of other early successional habitats, however, may be a contributing factor in the decline 
of this species. Golden-winged Warblers are Nearctic-Neotropical migrants that winter 
in Central and South America. Extensive deforestation of their wintering habitat is also 
likely contributing to their decline (Buehler et al. 2007).

Northern Bobwhites also have declined sharply across all three BCRs, avera
ging 3–6% per year depending on region (Table 9.4). The decline of Northern 
Bobwhites has attracted considerable conservation attention, leading to formation 
of the Southeast Quail Study Group and development of the Northern Bobwhite 
Conservation Initiative (Dimmick et al. 2002). Bobwhites use a diverse configu-
ration of habitats during their annual cycle, using grassland habitats for nesting 
and brooding but often using small-diameter forests for winter cover, especially in 
the northern parts of their range (Brennan 1999). Based on the regression results, 
population declines in this species appear to be more strongly related to other 
components of their habitat than small-diameter upland forest availability.

There were no consistent relationships between percent annual change in small-
diameter upland forest and change in avian relative abundance for any of the 11 species 
analyzed (Table  9.6). Chestnut-sided Warbler (Dendroica pensylvanica) (r2 = 0.385), 

Table 9.6  Regression coefficients, F values and P values for regression analyses relating annual 
change in relative abundance of 11 scrub-shrub bird species by state to annual change in amount 
of small-diameter upland hardwood forest by state across three Bird Conservation Regions in the 
eastern USA

Species n b 95%	 CI r2 F P-value

Blue-winged Warbler 
(Vermivora pinus)

7 −1.874 −5.477 1.730 0.263 1.786 0.239

Chestnut-sided Warbler  
(D. pensylvanica)

5 −1.990 −6.615 2.635 0.385 1.875 0.264

Eastern Bluebird  
(Sialia sialis)

10 0.284 −0.376 0.945 0.110 0.986 0.350

Eastern Towhee (Pipilo 
erythrophthalmus)

10 −0.020 −0.518 0.477 0.001 0.009 0.927

Field Sparrow (Spizella pusilla) 10 0.042 −0.774 0.857 0.002 0.014 0.909
Gray Catbird (Dumetella 

carolinensis)
10 −0.157 −1.005 0.690 0.022 0.183 0.680

Golden-winged Warbler  
(V. chrysoptera)

5 −175.574 −773.586 422.438 0.225 0.873 0.419

Indigo Bunting (Passerina cyanea) 10 −0.269 −0.712 0.174 0.197 1.964 0.199
Northern Bobwhite (Colinus 

virginianus)
10 0.294 −1.782 2.369 0.013 0.107 0.752

Prairie Warbler (D. discolor) 10 0.471 −0.208 1.150 0.243 2.563 0.148
Yellow-breasted Chat  

(Icteria virens)
10 0.195 −0.683 1.074 0.032 0.263 0.622
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Blue-winged Warbler (Vermivora pinus) (r2 = 0.263), Prairie Warbler (r2 = 0.243), and 
Golden-winged Warbler (r2 = 0.225) had the strongest relationships with small-diameter 
forest availability but none of these regressions met traditional alpha decision criteria for 
significance (i.e., a < 0.10 or 0.05). The other species analyzed showed no apparent 
relationship with the change in small-diameter forest availability (Table 9.6).

In general, the strongest relationships (r2s) between birds and small-diameter 
hardwood forests occurred for scrub-shrub species that are more associated with 
forested habitats than with field habitats (Blue-winged Warbler, Chestnut-sided 
Warbler, Prairie Warbler, and Golden-winged Warbler). These species require vary-
ing amounts of woody plants (saplings and shrubs) in their habitat that can be found 
in abundance in regenerating forests (Richardson and Brauning 1995; Nolan et al. 
1999; Gill et al. 2001; Klaus and Buehler 2001). The lack of a strong relationship 
between population declines in these species with small-diameter forest availability 
suggests that other factors are also linked to the population declines. All four spe-
cies mentioned above are Nearctic-Neotropical migrants, therefore habitat losses on 
their wintering grounds or along their migration routes may also be contributing to 
their population declines.

Declines have also varied by BCR. In general, the Appalachian Mountains 
BCR appears to be experiencing the greatest declines in small-diameter forested 
habitats and scrub-shrub birds, the Central Hardwoods BCR is intermediate and the 
Piedmont BCR is experiencing the least declines. Appalachian Mountains and 
Central Hardwoods Joint Ventures are underway to address the declines in priority 
bird species and their habitats. The boundaries of these joint ventures coincide with 
those of the respective BCRs. The prevalence of pine plantation management in 
the Piedmont region may explain the improved status of scrub-shrub species that 
use small-diameter pine forests compared to their status in other regions where pine 
plantations are less common.

9.4 � Conclusion

We demonstrated that the availability of small-diameter upland hardwood forest habi-
tat has changed across the eastern USA over the past four decades, and has declined 
significantly over the past decade, especially in the Appalachian Mountains BCR. 
Scrub-shrub birds as a group are also declining significantly across the region over the 
past four decades, with some species declining precipitously. The decline in small-
diameter forested habitats is undoubtedly contributing to the decline for some scrub-
shrub species. The FIA database is the only regional database that tracks this forest 
resource, although its usefulness for tracking change in the habitat availability for 
specific scrub-shrub birds appears to be somewhat limited. The loss of habitat alone 
(as measured by FIA data defined by this study) is not solely related to the population 
trends. Some of the scrub-shrub birds examined are more closely tied to old field habi-
tats. There are no databases that track the availability of this habitat type. In addition, 
some of the scrub-shrub species are Nearctic-Neotropical migrants that may be expe-
riencing habitat loss along their migration routes or on their wintering grounds.
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Abstract   Early successional habitats are important foraging and commuting sites 
for the 14 species of bats that inhabit the Central Hardwood Region, especially 
larger open-adapted species such as hoary bats (Lasiurus cinereus), red bats 
(L. borealis), silver-haired bats (Lasionycteris noctivagans), and big brown bats 
(Eptesicus fuscus). Forest gaps, small openings, and the edges between early suc-
cessional patches and mature forest are especially important habitats because they 
are used by both open-adapted and clutter-adapted species. Several bat species 
select roosts in close proximity to early successional patches, perhaps to minimize 
foraging and commuting costs. Future research on effects of early successional 
patch size, shape, vegetation structure, and connectivity on bat use, and the distribu-
tion of early successional habitats in relation to mature forest, roosting sites, and 
water sources will assist managers in providing the optimal types and distribution of 
early successional patches on the landscape.

10.1 � Introduction

Fourteen species of bats inhabit the forests of the Central Hardwood Region, USA 
(Whitaker and Hamilton 1998, Fig. 1.1, Table 10.1). These bats rely on forest eco-
systems for resources essential for survival and reproduction, including day and 
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night roosts (Barclay and Kurta 2007; Carter and Menzel 2007; Ormsbee et al. 2007), 
foraging sites (Lacki et al. 2007), and drinking water (Hayes and Loeb 2007). In turn, 
bats play an important role in forest ecosystem function (Marcot 1996). Eastern bats 
consume large amounts of insects per day (e.g., Kurta et al. 1990); many of these are 
important agricultural and forest pests (Jones et al. 2009). Bats also redistribute nutri-
ents across the landscape and can create nutrient hotspots below their tree roosts 
(Duchamp et al. 2010). Because tree roosts are often near gaps or openings (Kalcounis-
Rueppell et  al. 2005), nutrient hotspots may be important in forest regeneration. 
Thus, understanding how management of forested ecosystems, including early suc-
cessional habitats, affects bats is critical for the conservation and management of 
these species and for maintaining forest ecosystem health.

Many of the bats that inhabit the Central Hardwood Region are of conservation 
concern. The Indiana bat (Myotis sodalis), gray bat (M. grisescens), Ozark big-
eared bat (Corynorhinus townsendii ingens), and Virginia big-eared bat (C. t. virgin-
ianus) are federally listed endangered species (USDI Fish and Wildlife Service 
1984; 2007) and Rafinesque’s big-eared bat, eastern small-footed bat, and south-
eastern bat are considered species of special concern (Harvey et al. 1999). Factors 
leading to the decline of these species include habitat loss and fragmentation, and 
disturbance and destruction of winter hibernation sites and summer maternity sites. 
Recently, these species and many other bats in the eastern USA have been facing 
additional threats. Since winter 2006–2007, five cave associated bats [the little 
brown bat (M. lucifugus), northern long-eared bat (M. septentrionalis), Indiana bat, 
small-footed bat (M. leibii), and tri-colored bat (Perimyotis subflavus)] have experi-
enced severe population declines in the northeastern USA due to white-nose syn-
drome (Blehert et al. 2009). The big brown bat (Eptesicus fuscus) has also been 
affected by white-nose syndrome and the gray bat, Virginia big-eared bat, Ozark 
big-eared bat, Rafinesque’s big-eared bat, and southeastern bat (M. austroriparius) 
may be at risk as this disease moves south and west (Szymanski et al. 2009). While 
non-cave hibernating bats such as the hoary bat (Lasiurus cinereus), red bat (L. 
borealis), and silver-haired bat (Lasionycteris noctivagans) have not been affected 
by white-nose syndrome to date, they are being impacted by wind energy develop-
ment, particularly in the Appalachians (Arnett et al. 2008). For example, based on 
current mortality rates and projected number of turbines, estimated mortalities in the 
year 2020 in the mid-Atlantic region range from 33,000 to 110,000 individuals 
(Kunz et al. 2007). Because bats have low reproductive rates (Barclay and Harder 
2003), population recovery will likely be slow (Racey and Entwistle 2003).

Although all bats in the eastern USA are insectivorous, they vary considerably in 
body size, wing morphology, and life history characteristics (Whitaker and Hamilton 
1998). For example, body size ranges from 4 to 6 g for the small-footed bat and tri-
colored bat to more than 25 g for the hoary bat. Some species are year round resi-
dents in an area (e.g., Rafinesque’s big-eared bats) while others are short-distance 
migrants (e.g., tri-colored bats), regional migrants (e.g., Indiana bats, little brown 
bats), or long-distance migrants (hoary bat, red bat, and silver-haired bat). Further, 
some species rely on trees as their primary roosts while others roost in caves, mines, 
or artificial structures (Table 10.1). Thus, an examination of the responses of bats to 
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early successional communities or vegetation structure requires consideration of 
this variation in morphology and life history strategies.

Given concerns over the decline of early successional habitats (Greenberg et al., 
Chap. 1), combined with considerable concern over the viability of bats in the 
Central Hardwood Region, it is important to assess how forest management and the 
creation of early successional habitats may affect bats. Thus, our objective was to 
evaluate the use and importance of early successional habitats to bats in the Central 
Hardwood Region. Although there has been a substantial increase in research on 
bats in forest ecosystems in the past 15 years (Brigham 2007), there are still limited 
data on bats in the Central Hardwood Region. Thus, we drew upon research in other 
forest ecosystems to make inferences about the possible importance of early succes-
sional habitats for bats in the Central Hardwood Region. We primarily considered 
early successional habitats such as recently clearcut forests, wildlife openings, 
meadows, forest gaps, and grassy forest roads. We first considered use of early suc-
cessional patches for foraging and commuting and then in roost site selection; we 
concluded with sections on managing early successional areas for bats in the Central 
Hardwood Region. We also recommend future research directions, including the 
importance of considering early successional habitats within the context of the 
larger landscape matrix.

10.2 � Use of Early Successional Patches for Foraging  
and Commuting

Understanding and predicting bat foraging and commuting habitat is greatly aided 
by considering echolocation call structure and ecomorphology. Using these charac-
teristics, bats can generally be placed along a continuum of open to closed canopy 
specialists (Norberg and Rayner 1987; Fenton 1990). Species adapted to open envi-
ronments are fast, agile flyers and have high aspect ratios (long, narrow wings), high 
wing loading (large body relative to wing area), and pointed wing tips. Their echo-
location calls are usually high intensity, low frequency, and narrowband (Fig. 10.1a). 
In contrast, species with low aspect ratios, low wing loading, and rounded wingtips 
are slow but maneuverable flyers. Their echolocation calls are usually high fre-
quency, lower intensity broadband calls (Fig.  10.1b). These species are better 
adapted to foraging in cluttered environments (i.e., those with many physical and 
acoustical obstructions such as branches and leaves). Species that are intermediate 
in these characteristics are often found using edges. Bats of the Central Hardwood 
Region can be generally placed along this continuum (Table 10.2). For example, 
hoary bats and silver-haired bats are considered open-space species, whereas 
Rafinesque’s big-eared bats and northern long-eared bats are more likely to be found 
in cluttered spaces.

Most studies of bat foraging activity and habitat use have used acoustic detectors, 
although some studies have used radio-telemetry (Fig.  10.2). While the use of 
acoustic detectors over the past two decades has advanced our understanding of 
habitat use by bats (Brigham 2007; Lacki et al. 2007), there are many pitfalls and 
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assumptions of the technique (Hayes 2000; Gannon et al. 2003). For example, it is 
not possible to distinguish age and sex of bats detected by recorders and thus, we 
must assume that habitat use is consistent among all sub-populations. Because there 
is currently no way to tell whether multiple recordings of a species at a site represent 
one individual detected multiple times or several individuals, the number of calls 
recorded cannot be used as an index of abundance (Weller 2007). It is also difficult 
to infer habitat selection or preference based on acoustic data because bat detectors 

Fig. 10.1  The search phase echolocation calls of (a) a big brown bat, Eptesicus fuscus, and (b) a 
northern long-eared bat, Myotis septentrionalis

Table 10.2  Wing morphology indices from Norberg and Rayner (1987) and echolocation call 
structures of bats in the Central Hardwood Region

Species

Wing 
aspect 
ratio

Wing 
loading

Wingtip 
shape 
index Echolocation call

Hoary bat (Lasiurus cinereus) 8.1 16.5 1.60 Narrow band, high intensity
Red bat (L. borealis), 6.7 14.0 1.26 Broad band, medium intensity
Big brown bat (Eptesicus fuscus) 6.4 9.4 1.09 Narrow band, high intensity
Evening bat (Nycticeius humeralis) 6.8 10.7 1.01 Broad band, medium intensity
Silver-haired bat (Lasionycteris 

noctivagans)
6.6 8.2 1.68 Narrow band, high intensity

Gray bat (M. grisescens), 6.4 8.2 1.79 Broad band, medium intensity
Tri-colored bat (Perimyotis subflavus) 6.2 5.6 2.05 Broad band, medium intensity
Small-footed bat (Myotis leibii) 6.1 6.7 2.96 Broad band, low intensity
Little brown bat (M. lucifugus) 6.0 7.5 3.20 Broad band, medium intensity
Northern long-eared bat  

(Myotis septentrionalis)
5.8 6.8 2.24 Broad band, low intensity

Indiana bat (Myotis sodalis) 5.4 6.5 5.56 Broad band, medium intensity
Rafinesque’s big-eared bat 

(Corynorhinus rafi nesquii)
5.9 5.9 – Broad band, very low intensity

Virginia and Ozark big-eared bat  
(C. t. virginianus)

5.9 7.2 2.31 Broad band, very low intensity

High aspect ratios indicate long narrow wings, high wing loadings indicate heavier body size 
relative to wing size, and higher wingtip shape indices indicate more rounded wingtips. Species are 
listed from top to bottom along the open-closed canopy continuum based on ecomorphology and 
echolocation call characteristics. No data are available for the southeastern bat
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Fig. 10.2  Techniques used to determine use of different habitat types by bats. (a) An Anabat II bat 
detector system, (b) the Anabat II system deployed in the field, (c) an Indiana bat with a radio 
transmitter, and (d) tracking a bat with an antenna and receiver

measure resource use by populations and not individuals (Miller et al. 2003). If 
differential detectability among species and habitat types is not taken into account, 
areas where detection is best (e.g., open areas) may appear to be favored or species 
with higher intensity calls may appear to be more active (MacKenzie 2006). Finally, 
it is not possible to use acoustic detectors to assess foraging and commuting behav-
ior for species with very low intensity echolocation calls, like big-eared bats 
(Corynorhinus spp.) (Fenton 2003). Nonetheless, acoustic detectors yield consider-
able data on relative activity of bats in early successional habitats and other habitat 
types, and allow researchers to examine use by multiple species in a variety of habitat 
types at the same time, thus controlling for factors such as weather, time of night, 
and stage of the reproductive cycle.
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Much of the information on bat use of early successional habitats comes from 
studies that have examined the effects of timber harvesting on bat activity. In gen-
eral, these studies have shown that overall activity and foraging activity are greater 
in recent clearcuts than in adjacent forest (Erickson and West 1996; Krusic et al. 
1996; Grindal and Brigham 1998, 1999; Ellis et al. 2002). However, responses to 
harvesting often vary by species and in accordance with predictions based on eco-
morphology and echolocation call structure. For example, open-space species such 
as silver-haired bats and hoary bats are more active in recently clearcut stands 
(2–8 years post-harvest) than in mature forests whereas clutter-adapted bats such as 
Myotis spp. are more active in mature forests than in recent clearcuts (Patriquin and 
Barclay 2003; Owen et al. 2004; Morris et al. 2010). However, some small species 
such as northern long-eared bats, Indiana bats, and tri-colored bats use open areas 
as well as mature forests (Ellis et al. 2002; Sparks et al. 2005; O’Keefe 2009).

While relative adaptations to clutter may influence use and avoidance of early 
successional habitats by large and small bats, predation risk and food availability 
may also contribute to the observed pattern. Faster flight might enable larger bats to 
evade predators in open areas while smaller bats might need the protective cover 
provided by forest canopy (Rydell et al. 1996). Food availability can also play a role 
although there are few data to support this. In some areas, nocturnal insect abun-
dance is greater in early successional forest than mature forest (Lunde and Harestad 
1986), while in other areas it is the same or greater in mature forest than in clearcuts 
(Kalcounis and Brigham 1995; Grindal and Brigham 1998; Burford et  al. 1999; 
Grindal and Brigham 1999; Dodd et al. 2008; Morris et al. 2010). Some studies 
have found that bat activity is positively related to insect abundance (Kalcounis and 
Brigham 1995; Tibbels and Kurta 2003), while others have found no relationship 
between bat activity and insect abundance (Lunde and Harestad 1986; Grindal and 
Brigham 1999; Obrist et al. 2011). Morris et al. (2010) concluded that insect avail-
ability can be important in determining bat habitat use in an intensively managed 
forest landscape in the North Carolina Coastal Plain, but it plays a secondary role to 
stand structural characteristics. However, it should be noted that most studies have 
only identified potential prey to Order or Family and thus, factors such as prey size 
or preference have not been investigated. There is a positive relationship between 
bat body size and insect prey size, although larger bats take both large and small 
prey items (Aldridge and Rautenbach 1987; Barclay and Brigham 1991). If larger 
insects are restricted to open areas or are more vulnerable to capture by bats in open 
areas, then larger bats may select these areas because of the availability of preferred 
prey items. Conversely, smaller insects may seek the protective cover of forest, thus 
attracting small bats to late seral stage forests. We are not aware of any studies that 
have examined the relationship between insects and their habitat associations rela-
tive to body size or vulnerability to capture, but these types of studies are necessary 
to fully understand bat foraging in relation to early and late successional habitats.

Edges between early successional patches and stands in mid to late seral stages 
appear to be particularly important to medium- and small-sized bat species. For 
example, in Alberta and British Columbia, overall bat activity is greater along the 
edges of forests adjacent to recently clearcut patches than in the center (Crampton 
and Barclay 1996; Grindal and Brigham 1999). In a similar study in Alberta, 
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Hogberg et al. (2002) found that activity of Myotis spp. was also greater along edges 
of clearcuts than in the center. Hoary bats, red bats, and Myotis spp. are positively 
associated with edge in Ontario, Canada (Furlonger et al. 1987) as are bats of five 
genera in intensively managed forests in the Coastal Plain of South Carolina (Hein 
et al. 2009a). Activity of hoary bats, Brazilian free-tailed bats (Tadarida brasilien-
sis), tri-colored bats, big brown bats, evening bats (Nycticeius humeralis), and red 
bats is significantly greater at forest edges than in interior forest in the Coastal Plain 
of North Carolina (Morris et al. 2010). In Oklahoma, adult female Ozark big-eared 
bats forage in open areas, edges, and intact forests, but not all habitat types are used 
equally; edges are selected and interior forests are avoided, particularly during the 
post-lactation period (Clark et  al. 1993). Radio-telemetry studies of Indiana bats 
and northern long-eared bats also suggest that edges are important for commuting 
(Murray and Kurta 2004; Henderson and Broders 2008).

Wind, insect availability, predation risk, and navigation may drive bats’ prefer-
ences for edges (Verboom and Spolestra 1999). Foraging and commuting are more 
efficient along leeward edges, which are more protected from wind than open areas. 
Insects also tend to concentrate along leeward edges (Lewis 1970; Whitaker et al. 
2000) making them particularly rich foraging grounds. Edges may also serve as navi-
gation aids for short-distance movements (Verboom et al. 1999) and long-distance 
migration (Furmankiewicz and Kucharska 2009). Although several authors have 
suggested that edges provide protection from predators (Clark et al. 1993; Walsh and 
Harris 1996; Verboom and Spolestra 1999), Lesiński et al. (2009) found that tawny 
owl (Strix aluco) predation on bats was greater along forest edges than in forest inte-
riors or open areas. Thus, the protective nature of edges needs further investigation.

Small openings or gaps within interior forests also appear to be important forag-
ing and commuting areas (Hayes and Loeb 2007). For example, bat activity in wild-
life openings or logging decks larger than 0.25 ha in red pine (Pinus resinosa) stands 
in Michigan is significantly greater than in adjacent thinned or unthinned stands 
(Tibbels and Kurta 2003) and bat activity in bottomland hardwood forests in South 
Carolina is significantly greater in 0.03 ha and 0.50 ha gaps than in 70-year-old forest 
(Menzel et al. 2002). Several studies in the Appalachian Mountains have also found 
that small openings and gaps are important foraging and commuting sites (Ford et al. 
2005; Loeb and O’Keefe 2006; Schirmacher et al. 2007). In the upper Piedmont and 
mountains of South Carolina, big brown bats, red bats, tri-colored bats, and northern 
long-eared bats are more likely to be recorded at sample points with open vegetation 
regardless of stand age class than at points with medium or dense vegetation, indicat-
ing that they are using small gaps within mature forest as well as recently harvested 
stands and open fields (Loeb and O’Keefe 2006). In the Central Appalachians of 
West Virginia, occurrence of big brown bats, red bats, hoary bats, and little brown 
bats is positively related to gap width (Ford et al. 2005), and in the Allegheny Plateau 
presence of big brown bats, little brown bats, and tri-colored bats is positively associ-
ated with forest openings (Schirmacher et al. 2007). Bats may be attracted to small 
gaps and openings within mature forest for several reasons. Similar to recent clearcuts 
and other large early successional habitats, structural and acoustic clutter are lower 
in gaps than in intact forest and insect availability may also be greater in gaps 
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(Tibbels and Kurta 2003). Further, many bats select roost structures close to gaps 
(see sect. 10.3) either for thermal benefits from increased solar exposure or access to 
foraging sites (e.g., Willis and Brigham 2005; Perry et al. 2007a; O’Keefe et al. 2009). 
Forest roads and trails are also important foraging and commuting habitats. Several 
studies in Australia have found that bat activity is significantly greater on trails than 
in mature forest, even when the trails traverse dense regrowth forests (Law and Chidel 
2001, 2002; Adams et al. 2009). Similarly, Zimmerman and Glanz (2000) found that 
bat activity in Maine was positively associated with gravel roads that functioned as 
edge between forests and open areas. In an intensively managed forest in the Coastal 
Plain of South Carolina, the odds of big brown bat, tri-colored bat, and Seminole 
bat (L. seminolus) occurrence were over five times greater if a road was present 
(Hein et al. 2009a). Forest trails and roads may be important because they combine 
the features of small gaps (i.e., reduced clutter) and edges (i.e., navigational aids and 
potential cover from predators).

To illustrate relative use of various early successional areas and mature forest by 
bats, we present data collected on the Nantahala National Forest in southwestern 
North Carolina. We used AnabatII bat detectors and zero-crossings interface modules 
(Titley Electronics, Australia) to passively record bat activity for two full nights 
each in one 80 year-old yellow-poplar-oak (Liriodendron tulipifera-Quercus spp.) 
forest, three gated roads 6–10 m wide, and three wildlife openings £ 3 ha. Gated for-
est roads and wildlife openings were planted in grasses and clover and maintained 
by annual or biennial mowing. Bat activity was far greater on gated roads and in 
wildlife openings than in the forested site (Fig. 10.3a). However, as in many other 
studies, use of roads and openings varied by species or phonic group. Hoary bats, 
which are open-space bats (Table 10.2), used wildlife openings to a much greater 
extent than roads (Fig. 10.3b). Clutter-adapted northern long-eared bats, which have 
echolocation calls and body morphology designed for gleaning insects from vegeta-
tion (Faure et al. 1993), rarely used openings but often used roads (Fig. 10.3b). Big 
brown bats, red bats, and tri-colored bats appeared to be more flexible in their use of 
early successional habitats than open or closed canopy specialists.

Many studies have examined the relationship between seral stage and bat activity 
at the stand level, but findings from recent landscape scale studies suggest that the 
importance of early successional patches may vary with scale. In the Ozark Highlands 
of Missouri, occupancy by big brown bats is positively associated with non-forested 
areas such as pastures or grasslands at the site level, but negatively associated with 
the percent of non-forested area in the surrounding landscape, whereas red bats are 
positively associated with non-forested habitat at both site and landscape scales 
(Amelon 2007). Site level characteristics have insignificant effects on little brown bat 
occupancy but the amount of non-forested habitats and pine forest in the surrounding 
landscape has a positive effect on their presence (Amelon 2007). Site occupancy of 
Indiana bats in Missouri is also positively related to the proportion of non-forested 
habitats in the surrounding landscape (Yates and Muzika 2006).

All early successional habitats are not equivalent and several factors may affect 
their relative use by bats including size, vegetation type, and position on the land-
scape. For example, big brown and hoary bat activity is greater in open fields with 
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Fig. 10.3  Bat activity in intact forest, gated roads, and wildlife openings on the Nantahala National 
Forest, North Carolina in summer 2004. (a) Mean number of bat passes recorded per night for all 
species. (b) Mean number of passes per night by species or species group. Low frequency bats 
consisted of big brown bats and silver-haired bats and Myotis spp. consisted of northern long-eared 
bats, little brown bats, and small-footed bats

herbaceous vegetation maintained by mowing than in clearcut areas with regenerating 
saplings (Brooks 2009), and ponds in 0.4 ha fields are used more than ponds in 
6.2–18.2 ha clearcuts <10 years old (Huie 2002). Differential use of open spaces 
may be due to differences in patch characteristics. For example, vegetation type and 
management history can affect insect abundance and diversity (Swengel 2001), 
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and there is some indication that patch size can affect bat activity. Grindal and 
Brigham (1998) found that bat activity in British Colombia tends to decrease with 
increasing clearcut size (from 0.5 to 1.5 ha); in the Coastal Plain of South Carolina, 
foraging activity of hoary bats is greater in small gaps (0.03 ha) but activity of other 
species does not differ between large and small gaps (Menzel et al. 2002). Patch size 
effects may be related to the reluctance of some bats to cross large open areas. Swystun 
et al. (2001) found that edges of isolated forest patches were not used as often as edges 
of forest patches close to mature forest, and the close adherence of northern long-eared 
bats and Indiana bats to hedgerows while commuting suggests that some bats may 
avoid large open spaces (Murray and Kurta 2004; Henderson and Broders 2008). 
Thus, position on the landscape and connectivity may be important factors affecting 
bat activity in early successional patches. However, we are unaware of any studies 
that relate use of early successional patches to their distribution on the landscape.

Unlike early successional habitats, forests in mid-seral stages (e.g., closed 
canopy sapling-pole stage) are rarely used by bats (Crampton and Barclay 1996; 
Erickson and West 1996; Krusic et al. 1996; Law and Chidel 2001; Ellis et al. 2002; 
Loeb and O’Keefe 2006; Adams et al. 2009). Thus, early successional habitats that 
are allowed to regenerate to closed canopy forest will likely become unsuitable bat 
foraging and commuting habitat for a given period. However, the horizontal edges 
created by the canopies of mid-successional forests may be attractive to bats and 
thinning may be used in mid-successional closed canopy forest to minimize the time 
these stands are unsuitable (Guldin et al. 2007) and create more bat-suitable stand 
structures (Humes et al. 1999; Loeb and Waldrop 2008).

10.3 � Early Successional Habitats and Roost Site Selection

Bat roosts have many critical functions including serving as sites for social interactions 
and rearing young, and providing protection from the elements and predators (Kunz 
and Lumsden 2003). Bats that roost in trees during the non-hibernation period can 
be divided into those that roost in crevices or cavities (including those that roost 
between the bark and bole) and those that roost in foliage (Kunz and Lumsden 
2003). Both groups are represented in the Central Hardwood Region (Table 10.1).

Over the past 15–20 years many studies have investigated use and selection of 
day roosts by tree-roosting bats during the summer reproductive period; however, 
less work has been conducted on foliage-roosting species (Barclay and Kurta 2007; 
Carter and Menzel 2007). Most studies have focused on tree and stand level features 
and less attention has been given to relationships between larger-scale features and 
roost site selection (Kalcounis-Rueppell et al. 2005). In general, tree-roosting bats 
select roosts within mature forests (Barclay and Brigham 1996) and avoid using 
recently harvested stands and other open areas even when roost trees may be avail-
able (e.g., Arnett and Hayes 2009). However, there are some exceptions. In some 
areas of the Pacific Northwest, western long-eared bats (M. evotis) roost in stumps 
in 8–9 year old clearcuts (Vonhof and Barclay 1997) or rock crevices in open areas 
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close to forest edges (Rancourt et al. 2005). In the Southern Appalachians, red bats 
occasionally roost in < 5 year-old hardwood stands (O’Keefe et al. 2009) and in the 
Piedmont of South Carolina they have been found roosting in pastures and yards 
(Leput 2004). Though maternity colonies of northern long-eared bats usually roost in 
large dead trees in mature stands, a few colonies in the Southern Appalachians were 
found roosting in leave trees within 2–4 year old shelterwood cuts (O’Keefe 2009). 
Small canopy gaps in mature forest are also important roost sites for bats. For 
example, Indiana bats in Missouri and Illinois primarily roost within or on the edges 
of forest openings (Callahan et al. 1997; Carter and Feldhamer 2005) and silver-
haired bats in northeastern Washington roost exclusively in forest gaps (Campbell 
et al. 1996). In general, cavity or crevice-roosting bats tend to select roosts in areas 
with lower canopy cover than the surrounding forest (Kalcounis-Rueppell et  al. 
2005), presumably for increased solar radiation and, thus, reduced thermoregulatory 
costs (Barclay and Kurta 2007).

Although early successional patches other than small gaps are not important for 
roosting per se, their distribution on the landscape may be important for roost site 
selection. Because early successional habitats are important foraging and commut-
ing sites for many bat species, and because flight is an expensive mode of locomo-
tion (Altringham 1996), bats may try to minimize their commuting costs by selecting 
roosts that are close to early successional habitats. However, it should be noted that 
some authors have suggested that commuting costs are trivial compared to other 
energetic demands (Kurta et al. 2002; Lumsden et al. 2002).

Despite considerable variation within and among species, there is evidence that 
some bats select roosts based on proximity to early successional patches. For exam-
ple, red bats which are often considered to be an open-adapted species (Table 10.2), 
use edges, forests, and open areas for foraging (Elmore et al. 2005; Ford et al. 2006; 
Amelon 2007; Morris et al. 2010). Thus, it is not surprising that they have been 
found to roost closer than expected to edges, particularly forest roads in a variety of 
forest types (Mager and Nelson 2001; Leput 2004; Perry et al. 2008; O’Keefe et al. 
2009). However, in some forest landscapes red bats avoid roosting near edges and 
open areas. For example, in an intensively managed pine landscape in Mississippi, 
red bats roost farther from 0 to 8 year-old clearcut edges than expected (Elmore 
et al. 2004) and in mature second-growth mixed mesophytic forests in Kentucky, 
they roost an average of 277 m from the forest edge (Hutchinson and Lacki 2000). 
Evening bats fall closer to the center of the clutter continuum (Table 10.2) but, like 
red bats, vary in their response to early successional habitats in the surrounding 
landscape with regards to roosting. In Arkansas and coastal Georgia, evening bats 
select roosts in landscapes with more open areas such as fields, wildlife openings, 
clearcuts < 8 years of age, and group selection cuts (Miles et al. 2006; Perry et al. 
2008), but in coastal South Carolina evening bats roost farther from openings (fields, 
wildlife openings, and clearcuts < 5 years old) than expected (Hein et al. 2009b).

Variation in roost site selection relative to early successional habitats is also seen 
among some of the more clutter-adapted species, with responses varying with the 
amount and configuration of early successional patches on the landscape. In a land-
scape dominated by mature hardwood forests in the Southern Appalachians, adult 
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male tri-colored bats roost closer than expected to small nonlinear openings and 
recent ( £ 5 years) 2-aged shelterwood harvests than expected (O’Keefe et al. 2009) 
and in Indiana woodlands, adult female tri-colored bats roost close (52 m) to the 
forest edge, though non-reproductive females roost significantly closer to edges 
than reproductive females (Veilleux et al. 2004). In contrast, tri-colored bats in a 
managed forest in Arkansas roost farther than expected from roads, but are more 
likely to use areas with small openings (i.e., group selection harvests, Perry et al. 
2008) which corresponds with our finding that tri-colored bat activity was greater in 
nonlinear openings than along roads (see Fig. 10.3). Northern long-eared bats are 
considered to be clutter specialists (Faure et al. 1993), but proximity to early succes-
sional habitats may affect landscape-scale roost site selection for this species. In 
Arkansas, northern long-eared bats select roosts in areas with more group selection 
harvests within 250 m, though this same population tends to roost farther from roads 
than expected (Perry et al. 2008). In Kentucky, lactating female northern long-eared 
bats select roosts that are close to roads, but pregnant and post-lactating females do 
not (Lacki and Schwierjohann 2001).

Several factors may be driving the considerable variation in roost site selection 
relative to early successional habitats. Studies of eastern red bats have been con-
ducted in forests undergoing a wide range of forest management activities (Elmore 
et al. 2004; Leput 2004; Perry et al. 2007b; O’Keefe et al. 2009), in large contiguous 
tracts of non-managed forest (Hutchinson and Lacki 2000), and in urban areas 
(Mager and Nelson 2001; Limpert et al. 2007). Thus, variation in the amount and 
distribution of early successional habitats on the landscape may account for the dif-
ferences among the various studies. Even among forested landscapes, the distribu-
tion of early successional patches on the landscape can be quite variable due to both 
geography and land use history (e.g., forest management practices, agriculture, and 
urbanization). Historically, large scale disturbances such as hurricanes and fires 
have been more important in the creation of early successional habitats in the Coastal 
Plain and grassland biomes in the eastern USA, whereas small scale disturbances 
are more important in creating early successional habitats in upland hardwood for-
ests of the Central Hardwoods Region (Runkle 1990; White et al., Chap. 3). Further, 
in the pine forests of the Coastal Plain final harvests tend to be clearcuts, whereas 
there is greater reliance on partial cuts and natural regeneration in upland hardwood 
systems (Wear and Greis 2002). In addition, small gaps are very difficult to map and 
may often be ignored in coarser, landscape scale studies. Thus, influences of early 
successional habitats on roost site selection may be underrepresented in landscapes 
where small gaps represent the primary form of early successional habitats. In con-
trast, where large scale forest disturbances are more common such as the Coastal 
Plain, early successional habitats are more available and are easier to map and 
include in roost-related landscape studies.

Sex and reproductive condition of bats may also contribute to variation in roost 
selection relative to early successional habitats. During the reproductive period, 
females have high energy demands related to gestation and lactation (Kurta et al. 
1989, 1990). Because daily torpor can delay gestation and growth of young (Racey 
and Swift 1981), pregnant and lactating females use torpor less often than adult 
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males and non-reproductive females (Hamilton and Barclay 1994). Thus, reproductive 
females often select warmer roosts that allow them to maintain higher body 
temperatures while minimizing energetic costs (Lausen and Barclay 2006; Willis 
2006), regardless of distance to foraging sites. In contrast, thermal considerations 
may be less important for males and non-reproductive females and distance to for-
aging areas may be a more important factor in their choice of roost sites. For exam-
ple, O’Keefe et al. (2009) found that tree and stand characteristics are not important 
factors determining roost selection by male red bats and tri-colored bats, but males 
of both species roost closer to openings than expected. In contrast, studies of female 
red bats have found that tree and stand characteristics are important factors influenc-
ing roost site selection (Hutchinson and Lacki 2000; Veilleux et al. 2003; Elmore 
et  al. 2005; Perry and Thill 2007; Perry et  al. 2007a). Similarly, in southeastern 
Australia, pregnant and lactating female lesser long-eared bats (Nyctophilus geof-
froyi) roost in large diameter snags in floodplain forests despite the fact that these 
snags are 4–10 km from foraging sites in a farmland mosaic whereas males, which 
do not rely on large-diameter snags, roost within 2 km of foraging sites in the same 
farmland mosaic (Lumsden et al. 2002).

Roost permanency, abundance and distribution of suitable roosts, predation risk, 
and social factors are also important in roost site selection by bats (Kunz and Lumsden 
2003; Miller et al. 2003; Kalcounis-Rueppell et al. 2005) and may determine whether 
bats roost in or near early successional habitats. Some bats may avoid roosting in or 
near early successional habitats because trees in these sites are more exposed to 
predators (Russo et  al. 2007) or to wind and rain (Callahan et  al. 1997). Further, 
because bats commonly move among several roosts within a relatively small area 
(Barclay and Kurta 2007; Carter and Menzel 2007), the abundance of suitable roosts 
within a site may also be a more important factor governing roost selection.

10.4 � Management of Early Successional Habitats for Bats  
in the Central Hardwood Region

It is generally agreed that roosts are the most limiting factor for bats in forested 
landscapes and conservation strategies should focus on protecting existing roosts 
and ensuring the availability of future roosts (Hayes 2003; Duchamp et al. 2007). 
Because most tree roosting bats use large trees or snags in mature forests (Kalcounis-
Rueppell et al. 2005), creation and maintenance of early successional patches would 
seem counter to wise conservation strategies for bats. However, as we have illus-
trated, early successional habitats are important foraging and commuting sites for 
many species and the distribution of early successional patches may influence roost 
site selection. Nonetheless, the importance of roosts to survival and reproductive 
success of bats and reliance of so many bat species on large trees and snags must be 
kept in mind when considering management of early successional habitats in the 
Central Hardwood Region.
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Early successional habitats, particularly in the form of gaps, small openings, and 
forest roads are important foraging sites for many species of bats and many species 
roost in, or at the edge, of gaps. Thus, creating many small gaps within mature forest 
may benefit bats as well as birds (Blake and Hoppes 1986) and reptiles (Greenberg 
2001; Moorman et al., Chap. 11). Conserving or creating potential roost trees in or 
at the edge of small gaps will provide valuable roosting habitat, particularly for 
maternity colonies. Although retaining relict, cull, and dead trees is often counter to 
many silvicultural goals and may be perceived as a safety hazard, there are various 
ways to manage stands in which these structures are retained while minimizing the 
impact on subsequent regeneration (Guldin et al. 2007) and safety.

Because many bats are reluctant to cross large expanses of open area (e.g., Murray 
and Kurta 2004; Henderson and Broders 2008) and edges are often the preferred 
foraging site within clearcuts (e.g., Crampton and Barclay 1996; Grindal and Brigham 
1999; Hogberg et al. 2002), most bats will probably benefit from smaller-sized 
cuts ( < 10 ha). Small cuts will increase the amount of edge relative to the amount of 
open area and minimize the distances bats will have to fly to traverse open spaces. 
Smaller cuts may also benefit other wildlife, particularly amphibians (Moorman 
et al., Chap. 11). However, as cut areas regenerate to dense closed-canopy second 
growth forest, the interior portion of these forests will cease to serve as bat foraging 
habitat, at least until the stands are thinned or mature into more suitable forest 
structures. Further, we have often observed a strong increase in bat activity one year 
after silvicultural treatments such as thinning and 2-age shelterwood cuts, with 
declines in activity in subsequent years (Loeb and Waldrop 2008; O’Keefe 2009). 
Thus, the benefits of regeneration cuts for bats may be short-term, at least at the stand 
scale. But, if regeneration cuts are conducted at a sustained rate over time across the 
landscape, harvesting may provide long-term benefits at larger spatial scales.

Bats in fragmented habitats often fly along tree lines and hedgerows (Murray and 
Kurta 2004; Henderson and Broders 2008), so leaving strips of mature trees within 
shelterwood cuts or using group selection harvests may facilitate bat movements in 
cuts, make cuts more desirable foraging sites, and provide current or future roost 
sites near foraging habitats. However, creation of many small cuts or group selec-
tion harvest may have some indirect negative impacts on bats and other organisms 
due to a higher rate of soil erosion resulting from multiple re-entries (Hood et al. 
2002). Leaving too many trees may also interfere with regeneration of shade-
intolerant trees (Guldin et al. 2007). In riparian areas, leaving trees in streamside 
management zones may be sufficient for providing adequate cover and roosting 
habitat (Hayes and Loeb 2007; O’Keefe 2009).

Although heavily traveled roads can impede movement of some bat species (Kerth 
and Melber 2009) and are sources of mortality for other species (Lesiński 2007, 2008; 
Russell et  al. 2009), our data and those of several others (Zimmerman and Glanz 
2000; Law and Chidel 2001, 2002; Adams et al. 2009; Hein et al. 2009a) demonstrate 
that gated or lightly traveled forest roads are often important foraging and commuting 
sites for bats. Forest roads may be particularly important in densely forested habitats 
by serving as commuting routes between roosting and foraging sites. However, roads 
may have negative impacts on forest ecosystems (e.g., sedimentation), but impacts can 
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be minimized through best management practices such as road closure, revegetation, 
and sediment control (Swift and Burns 1999; Grace and Clinton 2007).

Because bats are so mobile and use a variety of habitat types for foraging, roosting, 
and commuting, habitat management for bats requires a landscape approach and con-
sideration of both spatial and temporal factors (Duchamp et al. 2007). Unfortunately, 
there is considerable variation among species in the Central Hardwoods Region in 
roost structure use (Table 10.1) and movement patterns (Lacki et al. 2007), which may 
make planning at the landscape scale more difficult. Thus, providing a diversity of 
habitat types of varying age classes and forest structures across the landscape (espe-
cially mature forest structures for roosting) while ensuring good connectivity among 
them, may be the best strategy for maintaining viable bat populations.

10.5 � Future Research

There are still many questions about the use of early successional habitats by bats 
and the best ways to manage these habitats to meet the needs of bats. One of the first 
areas of research concerns the applicability of existing knowledge to times outside 
the summer reproductive period. Most research has been conducted during summer, 
a critical period for reproduction and growth of the young. Spring and fall also are 
critical due to energetic demands of migration and hibernation, but little is known 
about bat roosting and foraging habitat needs and how management activities may 
affect them during these times (Cryan and Veilleux 2007). Bats lose approximately 
15%–30% of their body weight during hibernation (Hall 1962; Thomas et al. 1990; 
Johnson et al. 1998) and must regain some of that weight upon emergence in spring. 
Replenishing fat reserves is particularly important for females who must migrate to 
summer maternity sites and prepare for the reproductive period. During late sum-
mer and fall, bats must put on sufficient fat to migrate to hibernation sites and meet 
the physiological demands of winter. Foraging resources may be particularly criti-
cal during migration periods, yet we know little about the foraging habitats used by 
bats during these periods.

Species that do not hibernate in caves face increased energy demands during late 
summer and early fall because they often migrate up to 1,000 km from their summer 
range to more southerly areas where they roost in trees, bushes, and leaf litter (Cryan 
and Veilleux 2007). However, many individuals either remain within the Central 
Hardwood Region or migrate from more northerly climes to the Central Hardwood 
Region. While some research has been conducted on roost site selection of long 
distance migrants during winter (Saugey et  al. 1998; Boyles and Robbins 2006; 
Mormann and Robbins 2007), no studies have examined the relationship between 
winter roost sites and early successional habitat types. Further, many bats in the 
Central Hardwood Region are active during warm nights in winter and at least some 
species (red bats, silver-haired bats, big brown bats, hoary bats) feed during arousals 
(Boyles et al. 2006; Dunbar et al. 2007). Thus, it is important to determine whether 
early successional habitats are important for foraging bats in the Central Hardwood 
Region during winter.
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As touched on in previous sections, we know little about how the spatial 
configuration and structure of early successional patches affects use by bats. For 
example, far more research is needed on effects of size and shape of early succes-
sional patches before we can develop effective management plans that meet the needs 
of bats. Other landscape-scale factors that may affect bats’ use of early successional 
patches include distance to other early successional patches, distance to water 
sources, distance to flight corridors such as roads or trails, and the age structure of the 
surrounding forest matrix. We also need a better understanding of how these factors 
affect insect use of early successional habitats, particularly the insect taxa and size 
classes that are preferred food items of bats. Future research should also compare use 
of recently harvested areas and other types of early successional habitats of similar 
size and shape to tease apart the effects of vegetation and other patch characteristics 
(e.g., size and shape). This will require that researchers clearly describe patch vege
tation and structural characteristics when reporting the results of their studies.

Because gaps appear to be an important habitat component for all eastern bat 
species and were historically the most prevalent form of early successional habitats 
in the Central Hardwood Region (Runkle 1990), we need a better understanding 
of how bats use gaps and the relationship between roost site selection and gap 
dynamics. Use of new technologies such as LIDAR (Light Detection and Ranging), 
may provide more accurate data on small gap distribution in mature forest (e.g., 
Vepakomma et al. 2008), allowing researchers to better test hypotheses about the 
relationship between habitat selection and forest gaps.

10.6 � Conclusions

Early successional habitats are just one of many habitat types used by bats in the Central 
Hardwood Region and other forested ecosystems. They may be important to bats for 
foraging but many questions remain about characteristics of early successional patches 
that contribute to their relative use. Because most bats roost in mature forest, the creation 
and management of early successional patches on the landscape must be balanced by the 
maintenance of sufficient mature forest with large trees and snags for roosting. Given the 
numerous other threats facing bats at the present time (habitat loss to urbanization, cli-
mate change, white-nose syndrome, wind energy development) and the precipitous 
declines in many populations, managing existing forests so that they provide all the 
resource needs of bats (roosts, foraging and commuting habitats, and clean water) is 
critical for the conservation of these important species.
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Abstract   Herpetofauna responses to forest management and early successional 
habitats are influenced by species-specific adaptations to historical disturbance 
regimes. It can take decades for woodland salamander diversity to recover after 
heavy overstory removal for even-aged forest regeneration or hot fires that yield 
higher light, drier microclimates, and reduced leaf litter cover, but some frog and 
toad species may tolerate or even increase after disturbances. In particular, distur-
bances that retain some canopy cover, such as selection harvests or low intensity 
burns, can mitigate effects on terrestrial salamanders. The same early successional 
conditions that are detrimental to salamanders can benefit many reptile species, 
such as fence lizards (Sceloporus undulatus). Maintaining stand age diversity 
across central hardwood forest landscapes, including retention of mature forest 
communities, should provide habitats for both early successional wildlife and 
mature forest species.
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11.1 � Relevant Environmental Changes Following Disturbance

The extent and frequency of historical disturbances in central hardwood forests 
varied widely depending on slope position, aspect, stand age, and stand composition 
(White et al., Chap. 3). Gap phase disturbances following wind events, ice storms, 
and insect outbreaks were more common than the large-scale changes that followed 
hurricanes and wildfires in other regions of North America (White et al., Chap. 3). 
Amphibian and reptile species associated with mature hardwood forest presumably 
were common across much of the landscape, whereas those associated with early 
succession habitats were much more variable because they depended upon 
infrequent natural disturbance to create ephemeral patches of suitable habitat 
(Greenberg 2001).

Natural and anthropogenic disturbances that create young forest by removing or 
reducing canopy cover can greatly alter the microclimate at or just below the soil 
surface, where most amphibian and reptile species reside (but see Brooks and 
Kyker-Snowman 2008). Following overstory removal, light penetration increases, 
raising soil temperatures and evaporation rates and decreasing litter depth and mois-
ture until it is replenished by leaf-fall and shade from the recovering vegetation 
(Greenberg et al., Chap. 8). Fire also can consume leaf litter and reduce leaf-fall 
input levels (Petranka et al. 1994). Increased light levels near the ground promote 
development of a grass and forb layer and establishment of shrubs or regenerating 
trees (Russell et  al. 2004). These environmental changes can alter herpetofaunal 
movement patterns, survival rates, and prey abundance (Moseley et al. 2004).

Down wood or coarse woody debris (CWD) is used by many reptile and 
amphibian species for mating sites, egg-laying, feeding, and thermoregulation 
(Whiles and Grubaugh 1996). Down wood volume typically follows a U-shaped 
chrono-sequence in central hardwood forests, with highest levels in the 5–10 years 
following disturbance (i.e., downed trees following windthrow or logging slash 
following timber harvest) and again during late-succession or old growth stages 
when aging trees senesce (Gore and Patterson 1986). However, larger, more 
decayed logs may be more abundant in mature or old growth hardwood forest 
(Petranka et al. 1994). Webster and Jenkens (2005) reported that primary forests 
in the Southern Appalachians contained more large-diameter, highly decayed 
CWD compared to forests subjected to anthropogenic disturbances. Furthermore, 
among sites with similar disturbance histories, higher levels of CWD were associ-
ated with mesic conditions and higher elevations (Webster and Jenkens 2005; 
Keyser, Chap. 15). Therefore, reptile and amphibian species that use down wood 
heavily may be most abundant early (e.g., some reptiles) or late (e.g., salaman-
ders) in stand development. However, the degree to which salamanders and other 
amphibians specifically rely on CWD is likely influenced by the availability of 
other surface cover. For example, salamanders may use cover objects less in 
undisturbed stands with intact leaf litter and vegetation cover compared to stands 
where leaf litter and vegetative cover is reduced from prescribed burning and 
herbivory (Ford et al. 2010).
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Machinery associated with timber harvest operations can cause soil compaction 
or erosion. Disturbances of the subterranean environment, as occurs with most types 
of mechanical site preparation, can cause direct mortality or degrade habitat 
conditions for fossorial snakes and other species that spend portions of their life 
cycle below ground (Russell et  al. 2004; Todd and Andrews 2008). However, 
mechanical site preparation and other forms of intensive forest management are 
uncommon in the Central Hardwood Region as compared to other regions such as 
the southeastern Coastal Plain (e.g., Russell et al. 2002).

Amphibians and reptiles often are generically lumped together as “herpeto-
fauna,” but in fact are as phylogenetically distinct from one another as are mammals 
and birds. Amphibians (class Amphibia) have permeable, moist skin that is used for 
respiration and increases vulnerability to desiccation. Amphibians have a two-stage 
or “biphasic” life cycle that includes morphologically distinct larval and adult 
stages. Most require water for egg deposition and development of larvae, which 
eventually metamorphose into adults that can be largely terrestrial (Duellman and 
Trueb 1986). Amphibian taxa vary considerably in their vulnerability to desicca-
tion. For example, some frogs and toads can tolerate higher temperatures (Stebbins 
and Cohen 1995) and can store and reabsorb larger amounts of water in their blad-
ders than salamanders (Zug 1993). Some salamanders are lungless, and some are 
completely terrestrial (deMaynadier and Hunter 1995). Many amphibian species 
have small home ranges (Duellman and Trueb 1986) and poor dispersal capabilities 
(Sinsch 1990). Conversely, most reptiles (class Reptilia) require warm temperatures 
(associated with higher light levels) for egg incubation and successful development 
of hatchlings (Deeming and Ferguson 1991). Reptiles have dry scaly skin that pro-
tects them from desiccation. Clearly, response to disturbance and early successional 
habitats might be expected to differ between the two taxonomic classes, and among 
species within them. Within Amphibia, salamanders tend to decline following dis-
turbances that reduce canopy cover because of their increased risk of desiccation, 
whereas some toad and frog species may tolerate higher temperatures and lower 
moisture in early successional habitats (Russell et al. 2004). Many reptile species 
increase in recently disturbed areas, likely because of improved opportunity for 
thermoregulation and foraging (Russell et al. 2004).

11.2 � Amphibian and Reptile Response to Timber Harvest

11.2.1 � Amphibian Response

Heavy overstory removal for forest regeneration treatments (e.g., clearcut or 
shelterwood regeneration harvests) can adversely affect amphibians, especially 
terrestrial salamanders (Pough et al. 1987; Petranka et al. 1993, 1994; deMaynadier 
and Hunter 1995; Ash 1997; Harpole and Haas 1999; Reichenbach and Sattler 
2007). Canopy removal results in higher light levels, a warmer, drier microcli-
mate, and reduced leaf litter cover, which could cause salamanders to desiccate 



194 C.E. Moorman et al.

(deMaynadier and Hunter 1995; Renken 2006). In the Southern Appalachians, 
terrestrial salamander abundance declines following clearcutting (Ash 1988, 1997; 
Petranka et al. 1993, 1994; but see Adams et al. 1996).

There has been considerable debate about the time that it takes salamander popu-
lations to recover to pre-disturbance levels following canopy removal (Ash and 
Pollock 1999; Petranka 1999). Estimates range from approximately 20  years to 
more than 100 years (Table 11.1). Discrepancies in documented recovery periods 
likely are related to differences in study designs, salamander communities, and site 
and landscape characteristics. But, research suggests that post-disturbance recovery 
of salamander abundance is closely correlated with litter layer recovery (Pough 
et al. 1987; Ash 1997; Crawford and Semlitsch 2008a). Longer recovery periods 
may be required on drier aspects and ridge tops than on mesic sites where soil mois-
ture remains relatively high even after disturbance (Harper and Guynn 1999; 

Table 11.1  Estimated recovery periods for terrestrial plethodontid salamander populations 
following timber harvest

Authors Recovery period Disturbance Comments

Ash 1997 20–24 years Clearcut Monitored salamanders in 3 clearcuts 
using night searches on 225-m2 plots 
for 15 years post-harvest and recovery 
times estimated from regression curves

Harper and 
Guynn 1999

13–39 years Clearcut Used a terrestrial vacuum to sample leaf 
litter and associated fauna in 120, 
0.04-ha plots in 3 stand age classes 
(0–12, 23–39, and ³ 40 years old)

Pough et al. 
1987

<60 years Clearcut Conducted nighttime surveys for 
salamanders in 50- × 2-m transects in 4 
disturbed stand types of different ages 
and in 4 paired old-growth sites

Homyack and 
Haas 2009

>60 years Various  
Harvests

Conducted nighttime searches of 
15- × 2-m transects for 13 years 
following 7 canopy removal treatments 
and estimated population recovery 
from demographic models

Petranka et al. 
1993

50–70 years Clearcut Surveyed salamanders in 50- × 50-m plots 
at 47 sites ranging in age from 2 to 
120 years old

Herbeck and 
Larsen 1999

>80 years Regeneration  
cut

Conducted area- and time-constrained 
searches for salamanders in 21 144-m2 
plots located in 3 age classes  
(<5, 70–80, >120 years old)

Ford et al.  
2002a

>85 years Clearcut Captured salamanders in drift fence arrays 
in 13 cove hardwood stands ranging in 
age from 15 years old to >85 years old

Petranka et al. 
1994

120 years Clearcut Conducted daytime searches for 
salamanders in 50 × 50-m plots at 52 
forest sites ranging from <5 years old 
to approximately 200 years old
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Petranka 1999). However, the former sites generally are poorer sites for woodland 
salamanders. Disturbances that retain heavy canopy cover such as midstory removal, 
selection harvest, firewood cutting, thinning, and heavy browsing by white-tailed 
deer (Odocoileus virginianus) are less likely to affect salamander abundance (Pough 
et al. 1987; Adams et al. 1996, Messere and Ducey 1998; Brooks 1999; Ford et al. 
2000; Harpole and Haas 1999; Moseley et al. 2003; Knapp et al. 2003; Homyack 
and Haas 2009; Semlitsch et al. 2009). Yet, salamander density may decline following 
partial canopy reduction (e.g., Duguay and Wood 2002), and reductions in canopy 
cover by as little as 41% can cause local declines in salamander abundance (Knapp 
et al. 2003).

The exact mechanisms for the disappearance of terrestrial salamanders from dis-
turbed sites remain in question. Semlitsch et al. (2008) proposed three hypotheses 
to explain amphibian declines following timber harvest: (1) retreat to underground 
refugia; (2) mortality from desiccation or starvation; and (3) evacuation to adjacent 
forest. Although a percentage of pond-breeding Ambystomatid salamanders may 
disperse out of disturbed environments, it is not known how they fare once they 
reach adjacent forest (Semlitsch et al. 2008). Mortality is the most likely cause of 
declines in terrestrial salamander density following clearcutting because plethodon-
tid salamanders primarily are surface feeders and individuals eventually would 
starve unless they came to the surface where they could desiccate. Adult plethodon-
tid salamanders lack lungs and depend on cutaneous respiration for gas exchange. 
Because moist skin is necessary to facilitate respiration, salamanders are most active 
where the forest floor is moist or at night when relative humidity is highest (Petranka 
et al. 1993). Salamander desiccation results from reduced leaf litter cover and depth, 
and higher ground temperatures following clearcutting, rather than changes in soil 
moisture (Pough et al. 1987; Ash 1997; Rothermel and Luhring 2005). Rothermel 
and Luhring (2005) showed that salamander survival was 100% in uncut forest, but 
individuals could survive in clearcuts only by gaining access to protective under-
ground burrows. Some researchers have speculated that salamanders are unlikely to 
evacuate to adjacent forested areas that already are saturated with territorial adults 
(e.g., Petranka 1999). For example, Bartman et al. (2001) did not detect any post-
harvest emigration of plethodontid salamanders from sites that had been subjected 
to shelterwood harvests in western North Carolina. Interestingly, Ash (1997) specu-
lated that adult salamanders disperse into early successional habitats such as clearcuts 
to avoid competition from smaller or immature salamanders that are restricted to 
mature forests with abundant, moist litter.

Juvenile frogs and salamanders typically exhibit higher rates of mortality than 
adults following canopy removal because their high surface:volume ratios make 
them prone to desiccation (Jaeger 1980; Ash et al. 2003; Marsh and Goicochea 2003). 
Additionally, the high adult:juvenile ratio of salamanders in clearcuts indicates low 
reproduction by adults or higher rates of mortality in juveniles (Ash 1997; Ash 
et al. 2003). Adults of some salamander species are better adapted to withstand the 
hot, dry conditions of recently disturbed sites or more exposed ridge top environ-
ments (Ash 1997; Ash et al. 2003; Ford et al. 2010). For example, Ford et al. (2010) 
reported that larger-bodied slimy salamanders (Plethodon glutinosis) were less 
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affected by leaf litter reduction following fire than smaller-bodied red-backed sala-
manders (P. cinereus) or mountain dusky salamanders (Desmognathus ocropheaus). 
Riedel et al. (2008) documented high densities of both adult and juvenile eastern 
red-backed salamanders within former deciduous forests of West Virginia that had 
been converted to silvopastures, traditional pastures, and ungrazed meadows, indi-
cating that this species may be more resilient to the creation of early successional 
habitats than previously thought. Interestingly, the physiological condition and sex 
ratios of salamanders within these open, early successional habitats were similar to 
those of salamanders in adjacent mature forest, although adults were significantly 
more abundant than juveniles (Riedel 2006). Riedel et al. (2008) suggested that the 
presence of artificial cover in these open, early successional habitats, in combina-
tion with moisture trapped by dense herbaceous vegetation, facilitated woodland 
salamander persistence. In addition, Marsh et al. (2004) showed that dispersal of P. 
cinereus was not limited by the presence of forest cover, and suggested that this spe-
cies may be relatively insensitive to the creation of small, intervening, open habitats 
within deciduous forests such as fields, power line corridors, and even small resi-
dential areas. Accordingly, at least some species of woodland salamanders may 
tolerate the creation of small patches of early successional habitats within mature 
deciduous forests (Marsh et al. 2004; Riedel et al. 2008; Moseley et al. 2009), yet 
others can be highly sensitive to forest road edges (Semlitsch et al. 2007). However, 
individuals forced to forage in areas with reduced cover may be more exposed to 
predation (Moseley et al. 2004).

Timber harvest can affect stream-breeding salamanders by eliminating terrestrial 
habitat for adults and by degrading aquatic habitats required for larval development 
(Perkins and Hunter 2006; Crawford and Semlitsch 2008a; Peterman and Semlitsch 
2009). Adult stream-breeding salamanders (e.g., Desmognathus and Eurycea) use 
terrestrial habitats some distance away from streams for foraging and overwintering 
habitat (Ashton and Ashton 1978; Crawford and Semlitsch 2007). Similar to 
terrestrial salamanders, adult stream salamander (e.g., Blue Ridge two-lined sala-
mander [E. wilderae]) abundance may be reduced following timber harvest because 
of decrease in leaf litter depth, soil moisture, and overstory cover (Crawford and 
Semlitsch 2008a, b). Increased water temperatures and reduced litter input following 
canopy removal and sedimentation from logging roads (Vose and Ford, Chap. 14) 
are detrimental to larval salamanders that occur in the streams (Semlitsch 2000; 
Peterman and Semlitsch 2009). Stream sedimentation can fill interstitial spaces 
between rocks at the stream bottom, thus potentially reducing abundance of sala-
manders that use the spaces for cover, such as Eurycea and Desmognathus species 
(Lowe and Bolger 2002; Miller et  al. 2007; Moseley et  al. 2008; Peterman and 
Semlitsch 2009). However, retention of an uncut riparian buffer may mitigate the 
effects of clearcut harvests on larval salamanders (Peterman and Semlitsch 2009).

Frogs and toads tend to be more tolerant of canopy removal and elevated ground 
temperatures than salamanders (Gibbs 1998; Ross et al. 2000; Russell et al. 2004; 
Patrick et al. 2006). Additionally, tadpoles of some frog species may develop faster 
or survive better in ponds within clearcuts (Semlitsch et al. 2009; Felix et al. 2010). 
Some anuran species likely are attracted to the higher coverage of herbaceous veg-
etation around ponds in open environments (Felix et al. 2010). Response to canopy 
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removal around breeding ponds differs among anuran species. Species associated 
with open habitats, such as gray treefrogs (Hyla versicolor), deposit more eggs in 
ponds in areas with heavy canopy removal. In contrast, species that require cooler 
water temperatures, such as mountain chorus frogs (Pseudacris brachyphona) and 
spotted salamanders (Ambystoma maculatum), only deposit eggs where at least 75% 
of the canopy is retained (Semlitsch et al. 2009; Felix et al. 2010). However, gray 
treefrogs oviposited more eggs in ponds in clearcuts close to forest edge than in 
ponds 50 m into clearcuts (Hocking and Semlitsch 2007), because adult treefrogs 
require mature trees for foraging (Johnson et  al. 2007, 2008). Adult wood frogs 
(Rana sylvatica) were able to travel through clearcuts when dispersing between 
breeding ponds and non-breeding habitats in mature forest, but their rate of travel 
increased in response to the degraded micro-climatic conditions (Rittenhouse and 
Semlitsch 2009). Some anurans, especially juveniles, may experience increased 
predation or desiccation risks following timber harvests (Patrick et  al. 2006; 
Rittenhouse and Semlitsch 2009; Rittenhouse et al. 2009). Species response to the 
creation of young forest may vary regionally. For example, adult wood frogs did not 
use hot, dry clearcuts in Missouri but did use moist areas within clearcuts as non-
breeding habitat in Maine (Patrick et al. 2006; Rittenhouse and Semlitsch 2009).

11.2.2 � Reptile Response

The same conditions following timber harvest that may be detrimental to amphibi-
ans appear to benefit many reptiles (Greenberg 2002; Adams et  al. 1996). Most 
reptile species require the warm temperatures associated with higher light levels for 
egg incubation and successful development of hatchlings (Goin and Goin 1971; 
Deeming and Ferguson 1991). The hotter, drier microclimate in open, disturbed 
sites also may facilitate movement and thermoregulation for many reptile species 
(Greenberg 2001). Lizards, particularly fence lizards (Sceloporus undulatus), gen-
erally increase following canopy reduction (McLeod and Gates 1998; Greenberg 
2001; Renken et al. 2004). Following timber harvests, Renken et al. (2004) deter-
mined that juvenile abundance of S. undulatus was twice as high as that of adults, 
suggesting that the lizards experienced an immediate boost in reproductive rates in 
disturbed sites or that the recently disturbed sites were colonized primarily by juve-
niles. In predominantly forested landscapes in Pennsylvania, snake abundance and 
richness increased with decreasing tree basal area (Ross et al. 2000).

However, there is evidence that some forest-dwelling reptile species may decline 
following timber harvest (Russell et al. 2004). In Coastal Plain pine forests, abun-
dance of several small-bodied leaf litter snake species was lower in clearcuts than 
unharvested and thinned pine stands, but snake abundance was highest in thinned 
stands where habitat heterogeneity and presumably prey abundance was highest 
(Todd and Andrews 2008). In contrast with the management of deciduous forests, 
the intensive mechanical site preparation associated with Coastal Plain pine man-
agement not only removes surface cover used by small-bodied snakes but also likely 
results in direct destruction of nest sites (Russell et al. 2002).
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11.3 � Response to Prescribed Fire

Over the past 500 years, fire was a common forest disturbance across much of the 
Central Hardwood Region (Spetich et al., Chap. 4). Fire effects on vegetation struc-
ture likely varied with fire intensity and frequency, which in turn was influenced by 
topography, weather conditions, and population distribution of Native Americans or 
European settlers who intentionally burned to promote forage for game or livestock 
(Spetich et al., Chap. 4). Hot fires certainly reduced leaf litter and often killed over-
story trees, creating patchy, heterogeneous early successional conditions with some 
snags and trees remaining. In contrast, cool, patchy burns likely had minimal impact 
on overstory trees or leaf litter depth and cover, but reduced shrub cover or killed 
midstory trees where it burned. In ecosystems such as longleaf pine-wiregrass or 
sand pine-scrub where lightning-ignited fires created and maintained “fire climax” 
habitat conditions, many species of reptiles and amphibians are behaviorally adapted 
to survive wildfire or prescribed burns, and require fire maintained habitat condi-
tions (Russell et  al. 1999; Greenberg 2002). Less is known about fire effects on 
herpetofauna of upland hardwood forest, where the majority of fires were histori-
cally human-caused. Fire is thought to have little direct effect on amphibians and 
reptiles, but the likelihood of individual mortality during a fire depends on the 
species’ behavior, fire intensity, and season of burn (Russell et al. 1999). Negative 
indirect impacts of prescribed fire likely are most severe for species that require leaf 
litter or other forest debris that is consumed (Russell et al. 1999).

Relatively few studies have addressed fire effects on herpetofauna in hardwood 
forests (Russell et al. 2004; Renken 2006). Several studies have reported no differ-
ence between amphibian populations on prescribed burned sites and unburned con-
trols (Ford et al. 1999; Floyd et al. 2001; Moseley et al. 2003; Keyser et al. 2004; 
Greenberg and Waldrop 2008; Ford et al. 2010; Matthews et al. 2010). Others have 
indicated that toad abundance may increase following fire (Kirkland et al. 1996; 
Greenberg and Waldrop 2008). Conversely, intense prescribed fires that cause 
immediate or delayed reduction in canopy cover following overstory tree mortality 
can produce micro-habitat changes near the forest floor (e.g., reduced leaf litter 
cover and depth, more sunlight, higher ground temperatures) that negatively impact 
salamander populations (Matthews et al. 2010).

Reptiles, lizards in particular, may increase after prescribed burns, especially 
after hot fires that reduce canopy cover (Moseley et al. 2003; Keyser et al. 2004; 
Greenberg and Waldrop 2008; Matthews et al. 2010). Litter removal, midstory and 
canopy reduction, and higher ground temperatures following intense fires likely 
create thermoregulatory conditions favorable for lizards (Moseley et  al. 2003). 
Overstory mortality following intense fires also generates down wood that may be 
used as basking sites by lizards and large-bodied snakes (Matthews et al. 2010). 
However, it is not known whether these same changes negatively affect small-bodied 
fossorial snakes that depend on leaf litter.

Prescribed fire effects on wetland and stream-associated amphibians in central 
hardwood forests have not been well studied (Renken 2006). Intense fires that kill 
trees and reduce canopy cover in the uplands adjacent to streams or amphibian 
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breeding ponds could result in higher water temperatures, increased sedimentation 
rates, or runoff of ash that changes water pH, potentially killing amphibian adults, 
eggs, or larvae (Renken 2006). However, other temperature and sediment-sensitive 
aquatic vertebrates in the Appalachians, such as brook trout (Salvelinus fontinalis), 
have been reported to respond positively to adjacent forest disturbances, presum-
ably in response to greater abundance of macroinvertebrate prey after partial canopy 
removal (Nislow and Lowe 2006). In short, more research is needed on the effects 
of fire and other forest disturbances on aquatic and riparian reptiles and amphibians 
in central hardwood forests.

11.4 � Mitigation Strategies

11.4.1 � Stream and Wetland Buffers

Riparian buffers between upland timber harvests and adjacent streams or wetlands 
have been recommended to mitigate impacts on sensitive amphibian species 
(Semlitsch 2000). Buffers shade water, contribute leaf litter to streams, filter sedi-
ment, provide terrestrial habitats for biphasic amphibians and reptiles, and possibly 
provide refuge for individuals dispersing out of harvested areas (Mitchell et  al. 
1997; Semlitsch 2000; Perkins and Hunter 2006). Crawford and Semlitsch (2007) 
recommended a 92-m buffer adjacent to Southern Appalachian streams to provide 
core habitat free of edge effects for the widest ranging stream salamander species. 
Effects of timber harvest on sensitive amphibian species may extend at least 25 m 
into adjacent mature forest, possibly because of the reduced canopy and litter cover 
along edges created by timber harvests (deMaynadier and Hunter 1998). To provide 
the core biphasic habitat needs, Semlitsch and Bodie (2003) recommended 159–
290 m buffers for amphibians and 127–289 m buffers for reptiles around wetlands 
and streams. However, it has been speculated that narrower 30-m buffers may pro-
vide adequate protection to larval salamanders (Peterman and Semlitsch 2009). 
Alternatively, a two-tiered approach has been recommended to protect aquatic her-
petofauna, with unharvested 10–25 m buffers around streams surrounded by a wider 
partial harvest zone (deMaynadier and Hunter 1995). To date, however, the actual 
community and demographic responses of stream-dwelling herpetofauna to adjacent 
forest disturbance remain poorly characterized. Therefore, few data are available to 
evaluate the efficacy of specific buffer widths recommended to protect herpetofauna 
within deciduous forests of the Central Hardwood Region.

11.4.2 � Coarse Woody Debris Retention

Salamander populations are positively linked to CWD abundance, especially on 
drier sites and where leaf litter cover is sparse, so retention of CWD may help miti-
gate the effects of disturbance on amphibians and provide critical habitat or refuge 
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to a number of reptile species (Pough et al. 1987; Petranka et al. 1994; Brooks 1999; 
Herbeck and Larsen 1999; Russell et al. 2004). Retention of CWD and brush piles 
in clearcuts may decrease the proportion of salamanders leaving clearcuts and could 
contribute to increased juvenile amphibian survival by providing cool, moist refugia 
(Patrick et  al. 2006; Rittenhouse et  al. 2008; Semlitsch et  al. 2008). Todd and 
Andrews (2008) captured more small snakes in clearcuts with CWD retention than 
in clearcuts without retention. However, CWD retention appears to provide only 
short-term benefits to sensitive amphibians by providing refuge from desiccating 
conditions immediately post-harvest, and may not prevent declines (Moseley et al. 
2004; Semlitsch et al. 2009). Coarse woody debris diameter and degree of decay is 
generally much lower, and thus not used by salamanders, in recently harvested sites 
than in old growth stands (Herbeck and Larsen 1999). Additionally, several studies 
failed to show benefits of CWD retention for amphibians (Greenberg 2001; Ford 
et  al. 2002a; Rothermel and Luhring 2005; Rittenhouse and Semlitsch 2009). 
Similarly, higher abundance of lizards and snakes in small canopy gaps was not 
related to CWD abundance (Greenberg 2001).

11.4.3 � Overstory Retention

Small forest openings such as group selection harvests and wind-created downburst 
gaps with multiple treefalls, or partial harvests that retain a large percentage of the 
overstory, can mitigate the negative effects of timber harvest on amphibians by 
maintaining shade and leaf litter input and providing refuge and recolonization 
sources (Pough et al. 1987; Ford et al. 2000; Greenberg 2001; Lowe and Bolger 
2002; Homyack and Haas 2009). Overstory retention adjacent to wetlands can be 
critical to maintaining connectivity between aquatic reproduction sites and other 
habitat features required by amphibians, as many, especially salamanders, avoid 
timber harvests when emigrating from breeding pools (Todd et al. 2009). In Maine, 
partial harvests adjacent to headwater streams had less effect on amphibian com-
munities than clearcuts (Perkins and Hunter 2006). Increased growth of herbaceous 
plants or shrubs near the forest floor following small overstory reductions might 
improve habitat conditions for some herpetofaunal species and mitigate changes to 
the microclimate that are problematic for disturbance-sensitive species such as sala-
manders (Ross et al. 2000; Semlitsch et al. 2009). Retention of at least 50% of the 
overstory is recommended to minimize negative effects on amphibian populations 
(Ross et al. 2000; Semlitsch et al. 2009). However, as little as 41% reduction in the 
overstory may result in declines in the abundance of plethodontid woodland sala-
manders similar to clearcuts (Knapp et al. 2003). Group-selection harvests require 
more frequent stand entries across a larger land base to extract the same amount of 
wood fiber as a clearcut (Homyack and Haas 2009). We suggest that the relation-
ships between partial overstory reduction and response by amphibian populations 
require more study.
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11.4.4 � Small Stand Sizes and Longer Rotations

Smaller harvest units may help to minimize the deleterious effects of timber harvest 
on wood frogs and other sensitive amphibians, especially juveniles (Patrick et al. 
2006; Rittenhouse and Semlitsch 2009). The distance that dispersing individuals 
must traverse across smaller clearcuts could lessen the risks of desiccation and pre-
dation. Additionally, small timber harvests may facilitate evacuation by individuals 
from harvested areas into adjacent uncut areas (Semlitsch et al. 2008). Ford et al. 
(2002a) demonstrated that the amount of cove hardwood habitat surrounding har-
vested patches is an important determinant of woodland salamander population 
response to the disturbance, so designated no-harvest areas on the landscape could 
serve as sources for repopulating nearby harvest units. Additionally, breeding pools 
in small timber harvest openings could provide ideal locations for rapid larval devel-
opment for larvae of some disturbance-adapted or early successional amphibians 
and be in close proximity to the mature forest required by adults (Barry et al. 2008; 
Semlitsch et al. 2009). Further, small harvest openings (<2 ha) provide habitat for 
lizards and other reptiles (Greenberg 2001). Similar to group-selection harvests, 
however, harvest of the same timber volume in smaller units requires more roads, 
potentially leading to sediment loading in streams and disturbance to a larger 
percentage of the land base.

Increasing the rotation length of managed forest stands would ensure that a por-
tion of the landscape contained large trees, high accumulations of large diameter 
CWD, and other structural characteristics associated with late-seral forest (Herbeck 
and Larsen 1999). Alternatively, employing forest management practices that retain 
and enhance structural components of habitats important for herpetofauna (e.g., 
retention of CWD, green and legacy tree retention, selection harvest systems) may 
provide suitable conditions for these species while contributing to economic and 
other resource objectives. Additionally, management practices that mimic historical 
disturbance regimes may be used to promote a diversity of cover types across the land-
scape, which in turn would provide habitat for a variety of reptiles and amphibians. 
Examples of historical disturbance conditions include more frequent prescribed 
fires on xeric ridge tops in the Southern Appalachians and less disturbance on moist, 
north-facing slopes and ravines.

11.5 � Research Challenges

More focus on reptile response to disturbance. Reptile response to disturbance 
from forest management has been studied much less than amphibian response. For 
example, a database search of journal articles using the keywords salamander and 
clearcut generated 64 citations; conversely, a search using the same database with 
the keyword lizard in place of salamander generated three citations and replace-
ment of salamander with snake generated one citation. We can only speculate that 
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the cause for the discrepancy is due in large part to the direction of response by 
amphibians and reptiles in previous studies. Because amphibians, especially wood-
land plethodontid salamanders, typically decline locally following disturbance, they 
have received the majority of research emphasis in the past two decades. However, 
some reptile species such as small fossorial snakes similarly show negative response; 
other reptile species, such as fence lizards increase in abundance following distur-
bance. We suggest that there may be a bias in the scientific literature attributable to 
a greater attraction by scientists to studying taxa that respond negatively to forest 
management, and journals to accept manuscripts that report significant results.

Longer study durations. Deleterious effects of canopy reduction on salamanders and 
other amphibians may be delayed for up to 5 years after timber harvest (Ash 1988; 
Reichenbach and Sattler 2007; Homyack and Haas 2009). Some species may experi-
ence a greater time lag in the demographic changes that occur following disturbance 
(Homyack and Haas 2009). Greenberg and Waldrop (2008) reported that a single 
prescribed burn that killed trees and reduced canopy cover did not reduce the relative 
abundance of terrestrial salamanders (Plethodon spp.), but salamander abundance 
was lower in the same treatment units compared to control plots after a second burn 
5 years later in the same study area (Matthews et al. 2010). The delayed changes in 
salamander abundance following the fuel reduction treatments could either have 
been a result of additive effects of the treatments on environmental conditions, or the 
result of delayed changes in demographic parameters (Matthews et al. 2010). Lastly, 
long-term studies also should address the effects of forest management on population 
demography at large spatial scales (Homyack and Haas 2009).

More accurate assessment of detection bias. Most reptile and amphibian studies 
assume that sampled individuals represent the entire population (deMaynadier and 
Hunter 1995). This assumption is unlikely for salamanders because surface popula-
tions represent only a small percentage of the total population (Bailey et al. 2004a). 
Additionally, detection probabilities often differ among treatment areas because of 
variable habitat conditions, which in turn could influence abundance estimates for 
reptile and amphibian populations (Bailey et al. 2004b). For example, reduction of 
leaf litter from prescribed fire or timber harvest could cause individual salamanders 
to move more frequently and for longer periods (Moseley et al. 2004), or cause them 
to aggregate under coverboards being used to assess population response to burning 
or other disturbances (Ford et  al. 2010). Few studies of reptile and amphibian 
response to forest management have accounted for detection bias (except see Bailey 
et al. 2004b; Ford et al. 2010). Mark-recapture methodologies can be used to account 
for detection probability, but recapture rates, especially with terrestrial salamanders, 
can be low and capture-recapture methods can be costly when used in large-scale 
field experiments (Bailey et al. 2004a). In the case of large-scale studies, researchers 
can use a double-sampling design that uses capture-recapture analysis on a subset 
of sites to estimate detection probability and calibrate counts for the complete set of 
sampling locations (Bailey et al. 2004a, c).

More focus on site conditions, landscape position, and abiotic features. There is 
evidence that elevation, slope, concavity, and other landform characteristics may be 
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important determinants of woodland salamander occurrence and abundance in 
central hardwood forests (Ford et al. 2002a, b). Many studies of amphibian response 
to forest management do not account for landscape position and associated condi-
tions such as moist, concave, lower-slope positions with a thicker leaf litter layer 
and drier, warmer ridge tops or south-facing slopes that could influence amphibian 
or reptile species composition and their response to disturbance. When compared to 
other vertebrates, patterns of amphibian distribution across landscape scales remain 
poorly known (Johnson et al. 2002; Dillard et al. 2008a). Because amphibians have 
limited dispersal abilities and small home ranges, site-specific habitat factors often 
are assumed to have an overriding influence on patterns of amphibian distribution. 
However, there is increasing evidence that abiotic habitat characteristics measured 
at broad spatial scales are important predictors of amphibian occurrence and abun-
dance within forest ecosystems. Although disturbance and succession of vegetation 
exert a strong influence on amphibian distribution and abundance (deMaynadier and 
Hunter 1995, Russell et al. 2004), recent research indicates that the importance of 
abiotic habitat features such as geology, topography, and climate have not been suf-
ficiently recognized (Russell et al. 2005, Harper 2007, Dillard et al. 2008a, b). For 
example, Dillard et al. (2008a, b) showed that elevation, slope, aspect, and parent 
geology were better predictors of the occurrence of the threatened Cheat Mountain 
salamander (P. nettingi) in deciduous forests of West Virginia than were the 
composition or successional stage of overstory vegetation. Moseley et al. (2009) 
determined that the effects of canopy openings (e.g., edge effects) on woodland 
salamanders within deciduous forests of West Virginia depended on site aspect.

Landscape-level population effects. Most studies of amphibian and reptile response 
to forest management have been conducted at the scale of an individual stream, for-
est stand, or wetland. Therefore, more research is needed to assess the persistence 
of reptile and amphibian communities at the landscape or watershed scale (Perkins 
and Hunter 2006). Renken et al. (2004) recorded similar responses by reptiles and 
amphibians to clearcuts as in other studies, but the researchers failed to detect larger-
scale impacts given the relatively small percentage of the landscape that was har-
vested. Ford et al. (2002a) suggested that salamander populations in small, isolated 
cove hardwood stands might be more vulnerable to extirpation by timber harvests 
than populations in larger, less isolated coves. Because juvenile amphibians are 
more susceptible to habitat change, management activities that fragment habitats 
likely will have the greatest impact on species for which juveniles conduct the 
majority of dispersal among breeding and non-breeding locations (Patrick et  al. 
2008). Some amphibian species avoid roads likely because of reduced soil moisture 
and cover, so landscape-level conservation strategies should account for these 
increasingly prominent movement barriers (Gibbs 1998; Marsh and Beckman 2004; 
Semlitsch et al. 2007). In contrast, anecdotal evidence indicates that secondary for-
est roads and trails with little use may not have negative impacts on herpetofauna 
and in some cases be used as habitat (e.g., Dillard et al. 2008c). More information 
is needed to better understand how landscape factors influence amphibian and rep-
tile response to the creation of early successional habitats in upland hardwood forest 
(Ford et al. 2002a).
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Abstract  Utility rights-of-way stretch for thousands of kilometers across the North 
American landscape. In deciduous forests of the Central Hardwood Region, rights-
of-way provide opportunities for conserving early successional species, including a 
broad array of songbirds and butterflies. Although the millions of hectares managed 
by the utility industry to provide electricity, natural gas, and other services are not 
usually viewed by the public as beneficial for wildlife conservation, we suggest that 
rights-of-way can be valuable early succession habitats in addition to more 
“traditionally” created areas like clearcut harvests.

12.1 � Introduction

Even as the amount of early successional habitats in the central hardwood forests of 
the USA (McNab, Chap. 2; Fig. 2.1) diminishes, some even-aged forest management 
practices (e.g. clearcutting) used to promote disturbance-dependent species are 
declining (see Loftis et al., Chap. 5; Shifley and Thompson, Chap. 6). Implementation 
of less intensive silvicultural systems in their stead, combined with “clean” agricultural 
practices that discourage early successional growth in weedy, ruderal areas, is 
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resulting in loss of early successional habitats (Confer 1992; LeGrand and Schneider 
1992; Whitman and Hunter 1992; Trani et al. 2001). Despite conservation efforts to 
include early successional habitats and promote habitat diversity, these management 
trends and habitat losses are unlikely to be reversed in the foreseeable future. In this 
chapter, we explore novel means for creating early successional habitats and manag-
ing the disturbance-dependent species that require them. Specifically, we focus on 
utility rights-of-way (hereafter referred to as ROW).

Utility rights-of-way are ubiquitous anthropogenic landscape features that 
occupy millions of hectares in the USA. They lie across a diversity of landscapes 
within the Central Hardwood Region. Because utility companies must maintain 
transmission line ROWs to deliver electricity, natural gas, or other products and 
services, they manage these linear landscape features to keep them clear of obsta-
cles and hazards that could interfere with construction, operation, and maintenance 
of facilities. Efforts to keep trees from growing into ROWs result in large expanses 
of land that are managed in a state of “perpetual” early succession, from grass-
dominated areas to shrub-scrub habitats.

Although the primary function of ROW is to distribute service, these areas increas-
ingly are being enhanced as early successional wildlife habitats. Extensive early 
work compiled by Lancia and McConnell (1976), Arner (1977), Bramble, and a host 
of co-workers (1972, 1979a, b, 1985, 1986, 1990, 1991) forms a basis for our under-
standing potential benefits of ROW for wildlife. These and several other investigators 
have shown that early successional habitats within ROW are used by vertebrate spe-
cies such as songbirds (Hanowski et al. 1993; Confer and Pascoe 2003), game birds 
(Arner et al. 1993), raptors (Denoncour and Olson 1984; Bridges and Lopez 1993), 
white-tailed deer (Odocoileus virginiana) (Harlow 1991; Harlow et al. 1993), small 
mammals (Cavanaugh et al. 1976; Lauzon et al. 2002) and even sensitive, threatened 
or endangered species (Lowell and Lounsberry 2002; McLoughlin 2002; Thomas 
2002). Birds are perhaps the most thoroughly studied wildlife that use ROW habitats. 
Highly charismatic organisms with important ecological functions, they are more 
easily observed than other vertebrate wildlife and the potential benefits of managing 
for them carries significant “green” capitol for industrial landowners.

Unlike birds, insects are rarely the focus of landscape-scale management activi-
ties that will promote their proliferation. The potential exceptions are butterflies 
(Lepidoptera). Arguably the most charismatic and publicly accepted insects, but-
terflies are critical pollinators and prey in temperate terrestrial ecosystems. Many 
species require features of early successional habitats (e.g. openness, abundant sun-
light, flowering plants, bare ground) that occur in many ROW. Like birds, butterflies 
are often viewed as indicators of ecological health (Ries et al. 2001). Managing for 
these insects therefore also carries benefits for industries and natural resource man-
agers striving to conserve biodiversity at all levels.

Many bird species, especially passerines, are inextricably linked to insects, 
especially butterflies, because Lepidoteran larvae (caterpillars) can make up much 
of their diet during breeding and migratory periods. As many songbirds and butter-
flies share requirements for early successional habitats, we will link the two groups 
in this chapter as we present the case for considering ROW as an option for managing 
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some early successional species. In the case of birds, we present a brief review of 
the state of knowledge regarding avian use of ROW, including species diversity, 
ecological costs and benefits, and some potential management implications. For 
butterflies, there is scant literature for review, so we present a case study that pro-
vides compelling evidence for considering ROW as opportunities for managing this 
important, but frequently overlooked, group.

12.2 � Songbirds and Rights-of-Way Management

Over the past several decades, many early successional (scrub/shrub, shrubland) 
songbird populations have declined (Robbins et al. 1989; Petit et al. 1995; Hagan 
et al. 1992; Hussell et al. 1992; Hunter et al. 2001; Askins 1994, 1998, 2000). The 
National Audubon Society lists several early successional, shrub-scrub birds 
among its highest priority species for conservation attention (http://www.audubon.
org/bird/stateofthebirds/shrublands.htm, April 1, 2010). As habitat loss due to 
chronic conversion and aforestation can be a primary factor in these declines (Askins 
1998, 2000), areas managed intensively to maintain vegetation in a state of arrested 
succession could contribute significantly to conservation of shrubland birds.

12.2.1 � Songbird Species Diversity in Rights-of-Way

Most studies investigating shrub-scrub bird use of powerline ROW have been 
conducted in the northeastern USA (e.g. Bramble et al. 1992, 1994; Confer et al. 
1998; Confer 2002; Marshall et al. 2002). The list of species using these habitats 
is impressively diverse (Table 12.1). It includes species ranked high on conservation 
prioritization lists such as the 2007 Audubon Society Watch List (http://web1.audu-
bon.org/science/species/watchlist/browseWatchlist.php) and species with declining 
state or region-wide population trends (see Sauer et  al. 1999). Several species of 
conservation concern, such as the Golden-winged Warbler (Vermivora chrysoptera), 
Blue-winged Warbler (V. pinus), Prairie Warbler (Dendroica discolor), Chestnut-
sided Warbler (D. pensylvanica), Black-and-white Warbler (Mniotilta varia), Field 
Sparrow (Spizella pusilla), and Eastern Towhee (Pipilo erythropthalmus), are listed 
frequently in the ROW and bird literature as breeders in utility line corridors (Bramble 
et al. 1992, 1994; Confer 2002; Marshall et al. 2002).

As researchers and natural resources managers have come to understand the 
importance of managing early successional habitats for wildlife in general and song-
birds in particular, recent studies highlight the potential for shrub-scrub (and other) 
bird conservation in ROW. Confer and Pascoe (2003) documented high bird species 
diversity in northeastern (New Hampshire, New York, Maine and Massachusetts) 
ROW, with many high priority conservation species occurring in ROW variably man-
aged with herbicides, mowing, and prescribed fire. On the Cumberland Plateau in 
Tennessee, Bulluck and Buehler (2006) found that among three early successional 
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Table 12.1  Rights-of-way bird diversity in Pennsylvania and Tennessee (1982–2004)

Diurnal Raptors and Gallinaceous Mimic Thrushes, Wrens, Waxwings
Ruffed Grouse Bonasa umbellusa

American Kestrel Falco sparveriusa

Northern Bobwhite Colinus virginianusb

Doves and Cuckoos
Mourning Dove Zenaida macrouraa

Yellow-billed Cuckoo Coccyzus americanusa

Black-billed Cuckoo C. erythopthaimusa

Woodpeckers, Hummingbirds
Hairy Woodpecker Picoides villosusa

Downy Woodpecker P. pubescensa

Northern Flicker Colaptes auratus
Ruby-throated Hummingbird Archilochus 

colubris a

Flycatchers
Least Flycatcher Empidonax minimusa

Eastern Kingbird Tyrannus tyrannusa

Eastern Phoebe Sayornis phoebea

Vireos
Red-eyed Vireo Vireo olivaceusa

Yellow-throated Vireo V. flavifronsb

White-eyed Vireo V. griseusa, b

Chickadees, Titmice and Nuthatches
Black-capped Chickadee Poecile atricapillusa

Tufted Titmouse Baeolophus bicolora

White-breasted Nuthatch Sitta carolinensisa

Wrens
Carolina Wren Thryothorus ludovicianusb

House Wren Troglodytes aedona

Thrushes
Veery Hylocichla fucescensa

Wood Thrush H. mustelinaa

Eastern Bluebird Sialia sialisa

American Robin Turdus migratoriusa

Gray Catbird Dumetella carolinensis
Northern Mockingbird Mimus polyglottosa

Cedar Waxwing Bombycilla cedroruma

Warblers
Chestnut-sided Warbler Dendroica pensylvanica
Prairie Warbler D. discolora

Blackburnian Warbler D. fuscaa

Common Yellowthroat Geothlypis trichasa, b

American Redstart Setophaga ruticellaa

Black-and-white Warbler Mniotilta variaa

Canada Warbler Wilsonia canadensisa

Ovenbird Seiurus aurocapillusa

Blue-winged Warbler Vermivora pinusa

Golden-winged Warbler V. chrysopteraa

Yellow-breasted Chat Icteria virensa, b

Sparrows, Buntings, Grosbeaks, Finches
Dark-eyed Junco Junco hyemalisa

Field Sparrow Spizella pusillaa, b

Eastern Towhee Pipilo erythrophthalmusa, b

Song Sparrow Melospiza melodiaa

Chipping Sparrow Spizella passerinaa

Indigo Bunting Passerina cyaneaa, b

Rose-breasted Grosbeak Pheucticus ludovicianus a

American Goldfinch Carduelis tristisa

Northern Cardinal Cardinalis cardinalisa, b

Tanagers and Blackbirds
Brown-headed Cowbird Molothrus ater
Common Grackle Quiscalus quisculaa

Scarlet Tanager Piranga olivaceaa

Summer Tanager Piranga rubrab

Northern Oriole Icterus galbulaa

aPennsylvania (Bramble et al. 1992; Yahner et al. 2004)
bKroodsma (1982)

habitat types (regenerating clearcuts, reclaimed surface mines, ROW), ROW were 
intermediate in bird diversity and harbored higher bird species richness than regener-
ating clearcuts. Of particular note, ROW sites were more likely to harbor the Kentucky 
Warbler (Oporonis formosus), a high conservation priority forest interior species 
across much of its range. Early successional species, including Chestnut-sided 
Warblers, Eastern Towhees, and Song Sparrows (Melospiza melodia) were more 
closely allied with ROW than either clearcuts or reclaimed mines.
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12.2.2 � Ecological Benefits and Costs of Rights-of-Way 
Occupancy

Creation of early successional habitats, whether by forest management or maintenance 
of ROW, is often controversial. Aesthetically, the dense, jungle-like vegetation in a 
regenerating clearcut or a power line ROW may not be appealing. Beyond appear-
ances, edges between forested and early successional habitats can have both posi-
tive and negative impacts on songbirds. Avian species diversity and density are 
greater along edges (MacArthur and MacArthur 1961; Odum 1971; Roth 1976; 
Hansson 1983); ecotones between forests and ROW could contain more species and 
more individuals than pure communities if species requiring both ecosystems occur 
together with more specialized species from each ecosystem (Odum 1971). 
Additionally, edges can act as boundaries of individual breeding territories and con-
centrate birds (Anderson et al. 1977). Increased primary productivity, insect species 
richness and density (Hansson 1983), vegetation density and structure, and light 
intensity (Strelke and Dickson 1980) are other factors thought to attract birds to 
edges. Hanowski et al. (1993) found differences in composition of bird communi-
ties over 200 m into the forest interior from a ROW edge. Additionally, Small and 
Hunter (1989) contrasted two permanent ecotones (transmission-line corridors and 
river edges) and found that edges bordering transmission-line corridors supported 
more avian species than river edges – probably due to abundant brushy cover, which 
is required by many edge species. Although use of ROW in the breeding season by 
early successional obligates and edge species might be expected, the number of for-
est interior birds occurring in these areas is noteworthy. Forest interior neotropical 
migrants like the Rose-breasted Grosbeak (Pheuticus ludovicianus), Scarlet Tanager 
(Piranga rubra), Red-eyed Vireo (Vireo olivaceous), Eastern Wood-Pewee 
(Contupus virens), Ovenbird (Seirus aurocapillus) and Wood Thrush (Hylocichla 
mustelina) were recorded in upland hardwood forest ROW in Pennsylvania (Bramble 
et al. 1992; Yahner et al. 2004). Several studies (Pagen et al. 2000; Marshall et al. 
2003; Yahner 2004; Vitz and Rodewald 2006) have revealed that early successional 
habitats provide important cover and foraging for mature forest birds in the post-
fledging period. Thus, the appearance of mature forest birds might be explained by 
the high levels of vegetative productivity in ROW attracting a diverse arthropod 
assemblage that provides potential prey items such as adult and larval Lepidoptera 
(see Greenberg et al., Chap. 8).

Transmission-line ROW may also serve as movement corridors and provide 
important stopover habitats for migrating land birds, (as passerines are demonstrated 
to use some early successional habitats) during migration (Moore et al. 1990; Mabey 
et al. 1992). Moore et al. (1990) found that scrub-shrub areas were selected as stop-
over habitats by migratory birds on an island in the Gulf of Mexico. Relative to four 
additional habitat types available to the migrating songbirds, scrub/shrub areas har-
bored both the greatest species diversity and number of individuals. The “value-
added” facets of early successional habitats as areas used for fledgling foraging, 
migration stopover, and species associated with other habitat types (e.g., forest 
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interior species) may place utility-line corridor management for songbirds in a new 
and more fully informed light.

Although the potential benefits of shrubby vegetation in ROW and elsewhere to 
songbirds are known, creation of early successional vegetation structure and edges 
as practiced in traditional wildlife management (Leopold 1933) is controversial. 
Studies of forest fragmentation and its impacts on forest interior species reveal some 
potential negatives of creating too much edge that may outweigh the benefits (Harris 
1984). For example, nest productivity may decrease near habitat edges. Chasko and 
Gates (1982) showed that higher fledging success was associated with increased 
distance from ROW edge. Gates and Gysel (1978) suggested that forest species’ 
breeding habitat suitability decreases as the number of nests increases toward nar-
row field-forest edges. The isolation of mature forests and impacts of nest predation 
and brood parasitism on edges are well documented and have remained an issue of 
concern among some researchers (Ratti and Reese 1988; Robinson 1988). Suarez 
et al. (1997) found that nest predation rates were higher along exterior agricultural 
edges than forest-interior edges and were also higher along abrupt, permanently-
maintained edges than along gradual edges. Rights-of-way edges may also attract 
potential nest predators due to their greater prey density and natural travel lanes cre-
ated by the change in structure of vegetation (Gottfried and Thompson 1978; Ratti 
and Reese 1988). By attracting songbirds as well as brood parasites and nest preda-
tors, edges may act as “ecological traps” for some disturbance-dependent species 
while adversely affecting forest-interior songbirds in adjacent forests (Wilcove 
1985; Pulliam 1988; Ratti and Reese 1988; Robinson 1988).

The impacts of ROW on brood parasitism in Brown-headed Cowbirds (Molothrus 
ater) exemplify the variable effects of ROW on parasitism and nest predation. Confer 
and Pascoe (2003) reported Cowbird parasitism was relatively low (5.3%) in some 
northeastern USA study sites and ROW did not reduce forest bird productivity. 
Although Suarez et al. (1997) found that cowbird parasitism rates in southern Illinois 
did not differ among several types of edge habitats (agricultural, forest interior, 
stream, wildlife openings, and treefall gaps), predation rates were higher and nest 
productivity was lower next to agricultural edges. Chasko and Gates (1982) and 
Gates and Griffen (1991) found Brown-headed Cowbird parasitism rates were higher 
near power-line corridors than within adjacent forest. These contradictory results 
illustrate the complex influences within variably managed areas and landscape con-
text. For example, managers might consider impacts of an agricultural landscape on 
parasitism when creating habitats such as wildlife food plots for game species. 
Rights-of-way embedded within different matrices (e.g., forest versus agriculture 
versus riparian zones) may have different effects on parasitism and predation.

There are often strong associations between mature forest bird species and for-
est fragmentation (see Gates and Gysel 1978; Wilcove 1985; Yahner and Wright 
1985; Angelstam 1986; Robinson 1988; Ratti and Reese 1988; Keyser et al. 1998); 
yet, some area-sensitive species require large, contiguous patches of early succes-
sional habitats (Robbins et al. 1989; Robinson et al. 1992). In contrast, most early 
successional species in the northeastern USA breed in a wide range of habitat 
patch sizes, and patch size appears not to be a limiting factor for their conservation 
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(Dettmers 2003). However, an increasing number of researchers (Askins 1998; 
Confer 1992; Lanham 1997; Lanham and Guynn 1998; Kremmentz and Christie 
2000; Rodewald and Vitz 2005; Schlossberg and King 2008) provide strong evi-
dence that early successional species may also be sensitive to variations in habitat 
area. For example, Yellow-breasted Chats (Icteria virens) were absent from shrubby 
patches smaller than 2 ha (Dennis 1958). Similarly, Golden-winged Warblers are 
probably an area-sensitive species with 10 ha early successional patches offering 
the minimum area for nesting in New York (Confer and Knapp 1981; Confer 1992). 
Lanham (1997) and Lanham and Guynn (1998) described Prairie Warblers and 
Yellow-breasted Chats as area-sensitive shrub-scrub species in because neither spe-
cies was ever observed in small (<2 ha), regenerating, clearcut patches in the South 
Carolina mountains and upper piedmont. Although linear in configuration, some 
ROW may provide adequate area for area–sensitive, disturbance-dependent spe-
cies. Powerline corridors vary in width by the voltage the lines they carry, with 
500-kv transmission-lines typically among the widest at 45.7 m (150 ft) or greater 
(American Transmission Company; http://www.atcllc.com/IT6.shtml, April 5, 
2010). Over sufficient lengths, ROW may provide adequate area as evidenced by 
the occurrence of Prairie Warblers and Yellow-breasted Chats in 500-kv transmis-
sion corridors in Pennsylvania (Yahner et al. 2004) and Prairie Warblers, Yellow-
breasted Chats, and Golden-winged Warblers in 230-kv corridors in that same 
region (Bramble et al. 1992).

12.2.3 � Songbird Responses to Transmission-Line Maintenance

Mowing, cut/stump treatments, and broadcast or selectively applied herbicides are 
some common methods used to manage ROW. In Tennessee, densities of several 
bird species were positively associated with presence of blackberry (Rubus spp.), 
which often increases in managed ROW. The numbers of Yellow-breasted Chats, 
White-eyed Vireos (Vireo griseus), Common Yellowthroat (Gymnothylpis trichas) 
and Prairie Warbler all increased with density of blackberry patches. Field Sparrows 
showed the opposite trends as the grass-dominated habitats the species prefers were 
apparently not abundant (Kroodsma 1982). In New York, bird diversity and density 
were highest in ROWs where trees received cut and stump or basal treatments with 
herbicides (Malefyt 1984). Bird density and diversity also were lowest on brush-
mowed ROWs in the year after the mowing. Similarly, in central Pennsylvania, 
songbird species diversity decreased immediately after hand-cutting and herbicide 
treatments were applied to ROWs (Bramble et al. 1986). However, Bramble et al. 
(1992) observed higher bird densities on those areas sprayed with herbicides (basal, 
stem foliage and foliage sprayed) relative to those that received mechanical treatments 
and herbicide treatments.

In a comparison of two transmission line corridors, one maintained in an early 
successional stage (grass and forbs) by annual mowing and the other maintained in 
a later seral stage (small trees and shrubs) by selective herbicides, Chasko and Gates 
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(1982) found that bird use of a grassland stage corridor was minimal (limited to two 
mixed-habitat species) and did not include grassland birds characteristic of the 
region. Songbird diversity and breeding success were highest in the shrubland-stage 
corridor. Maintenance by selective herbicide application may create more vertical 
structure and habitat heterogeneity (Bramble and Byrnes 1979a; Lawson and Gates 
1981) than annual mowing. Yahner et al. (2004) assessed the trends in bird usage of 
Pennsylvania ROW managed by the “wire/border zone method” (Bramble et  al. 
1992) that creates lower strata of grass, forbs and shrubs in the central wire zone and 
higher shrub zones at the forest edge. During 15 years of mowing and selective 
herbicide management, bird community composition remained relatively stable 
throughout the study units, with highest densities (birds/100 ha/day) observed in 
mowed and herbicide-treated units. Somewhat in contrast to other research, 
Kroodsma (1982, 1984) found bird density was lower in mowed, grass-dominated 
corridors than in forb-Rubus-dominated transmission-line corridors in Tennessee.

12.3 � Butterfly Diversity in Rights-of-Way: A Case  
Study of an Ecological Benefit

Butterfly watching and gardening have become popular outdoor activities. Because 
many butterfly species are brightly colored, have interesting life histories, and even 
allow close observation, the interest in conserving them and their habitats has 
increased. Beyond their aesthetic appeal to nature enthusiasts, butterflies are key 
components of terrestrial ecosystems. They pollinate many species of flowering 
plants (Webb and Bawa 1983) and are prey for a diverse array of vertebrates, includ-
ing many species of birds. The lives of many bird species are closely linked to the 
presence and abundance of arthropods (Rodenhouse and Holmes 1992; Marra and 
Holberton 1998; Marshall et al. 2002) including butterfly larvae (caterpillars) that 
are important food resources for both nestlings and adults. Because of the important 
role that they play as insect prey, the abundance and diversity of butterflies may 
impact local bird populations dramatically (Holmes and Sherry 1988; Sherry and 
Holmes 1995).

Many nectar-producing flowering plants and other species important in the life 
cycles of butterflies occur in early successional habitats. For example, Monarch but-
terflies (Danaus plexippus) prefer milkweeds (Asclepias spp.), which grow primar-
ily in disturbed, open sites as an egg-laying substrate and larval food source. From 
this and multiple other examples of early-successional plants that proliferate in 
ROW, it should follow that these areas may have great potential as butterfly conser-
vation areas. However, relatively little work has been done to determine the suit-
ability of ROW for butterflies (see Yahner 2004). Nichols and Lanham (2002) 
surveyed butterflies and skippers in six South Carolina ROW and found 101 species 
occupying those sites (Table 12.2). They also recorded a diverse community of nectar 
and larval host plants as well as an abundance of other butterfly habitat requisites (e.g. 
open areas, bare ground, and moist puddling areas; see Nichols and Lanham 2002). 
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Their work showed that the ROW were botanically diverse, structurally heterogeneous, 
early successional habitats that harbored an impressive diversity of butterflies and 
skippers. The high butterfly/skipper habitat suitability was in part due to the combi-
nation of selective herbicide application and mowing that resulted in a rich mosaic 
of shrubs, grasses, and bare ground.

12.4 � The Future for Songbirds, Butterflies  
and ROW Management

Permanently maintained openings on public lands (e.g., ROW, wildlife openings, 
reclaimed landfills, and strip mines) may become increasingly important to distur-
bance-dependent birds. Bulluck and Buehler (2006) provide some of the most com-
pelling evidence for the value of ROW and reclaimed areas as early successional 
forest habitats relative to “traditional” regenerating forest habitats. Many surface 
(e.g., mine) reclamation efforts focus on grassland habitats (Bajema and Lima 2001; 
Bajema et al. 2001; Cox and Maehr 2004; Scott et al. 2002), and few appear to be 
focused on “restoring” shrub-scrub habitats. Thus, ROW may provide the best 
opportunities for managing early successional shrub-scrub habitats.

Rights-of-way have been largely ignored by conservationists and frequently 
derided as landscape scars. However, in light of the declines in early successional 
habitats and the concurrent declines in disturbance-dependent bird and butterfly 
species, there are numerous opportunities to maximize the benefits of a system that 
essentially arrests succession and provides habitats that would otherwise disappear. 
Again, the growing body of evidence linking early successional habitats to the 
important post-fledgling stage of some songbirds (Pagen et al. 2000; Marshall et al. 
2003; Yahner 2004; Vitz and Rodewald 2006) provides strong evidence that manag-
ing early successional areas like ROW can benefit many disturbance-dependent 
species that include both predators (songbirds) and prey (caterpillars).

Because landscape-level habitat restoration or alteration (e.g., “ecosystem 
management”) is often regarded as the best management tool for maintenance of 
songbird communities, perhaps the ubiquitous nature of ROW offers opportuni-
ties to manage for some early successional songbirds on a large scale. Development 
and implementation of landscape-level management requires intimate knowledge 
of population-level requirements and limitations, as well as community-level 
interactions. Transmission-line position on the landscape, maintenance regimes, 
and successional stage may ultimately determine ROW use by shrub-scrub song-
bird species.

Future research to evaluate transmission-line corridors as songbird habitats 
should continue to focus on: (1) impacts and benefits for both disturbance-dependent 
and forest interior species, (2) differences among power line corridors and other 
early successional areas (e.g., ephemeral timber harvest openings), and (3) effects 
of landscape level characteristics (e.g., shape, size, configuration, and context) and 
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maintenance regimes. Perhaps most importantly, these studies should include some 
measure of fitness (e.g., nesting success, predation rates, or fledgling and adult 
survival) along with density and diversity estimates when addressing ROW quality 
as songbird habitats. Petit et al. (1995) claim that “the landscape context in which 
the habitat is imbedded can be an important influence on [songbird] demography 
and, hence, population health.” By understanding how transmission line ROWs and 
other forest openings, within the context of the landscape, impact songbird density, 
diversity, and reproductive rates, we can better devise management alternatives at 
a  landscape level for the maintaining declining, disturbance-dependent songbird 
populations in ROW.

The ecological linkages and public appeal of birds and butterflies can provide 
opportunities for natural resource managers and conservationists to move advo-
cacy for early successional habitats forward. Some utility companies have recog-
nized the potential for enhancing their reputations on environmental issues, and 
have implemented programs to enhance the habitat suitability of their ROW. 
Likewise, as the use of selective herbicides has become the common means of 
managing ROW vegetation, those companies providing the chemicals have also 
taken advantage of the opportunities to “green” their image by promoting the 
highly selective nature of the herbicides and advancing their use in promoting or 
restoring wildlife habitats (Hurst 1997). Beyond the ecological benefits to early 
successional species and the marketing advantages to corporate utility and chemi-
cal entities, there are social benefits to be gained. Rights-of-way teeming with bird 
life and butterflies within forests that cross urban and suburban landscapes can 
provide opportunities for educating audiences heretofore uninformed or with nega-
tive impressions of early successional habitats - novel opportunities indeed for 
wildlife conservation.
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Abstract  The plight of species dependent upon disturbed or early successional 
habitats of Appalachian Mountain forests has been documented by wildlife managers 
across the region. We conducted surveys of managers and examined State Wildlife 
Action Plans and initiatives aimed at addressing conservation of these species and 
their habitats. Although the decline of disturbance-dependent species and the types 
of habitats they need are well documented, determining the amount and quality of 
existing early successional habitats is difficult. Few managers have clear goals of 
how much early successional habitat is needed and where it should be located, 
although most agree that much more is needed. Recently developed game bird and 
songbird plans represent some of the best efforts to date to address levels of habitat 
needed. Managers have prescriptions but face serious social and cultural barriers 
to establishing early successional habitats on the ground. Ecological forestry 
and collaborative management approaches may be the best solutions to overcome 
these barriers.
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13.1 � Introduction

The greatest burden on bird populations in the Appalachian Mountains may be reduced 
structural diversity and spatial heterogeneity due to insufficient acreage of both older age 
classes and early successional conditions.

Partners in Flight

Conservation of the Land Birds of the United States (Rich et al. 2004)

A diversity of wildlife habitats produces a diversity of wildlife species. This is one 
of the basic tenets of wildlife management. Landscapes of the Central Hardwood 
Region, and more specifically the Appalachian Mountains, contain large amounts of 
mature hardwood forests with trees of similar age and poor understory develop-
ment. Although this presents a visually appealing experience for those traveling 
roads such as the Blue Ridge Parkway, the situation for many wildlife species is less 
than satisfactory. Interspersed are urban and other residential areas complete with 
manicured lawns and more big trees. The amounts and diversity of habitats needed 
to support certain guilds of wildlife species are either not available or are in such 
short supply that viability of populations is a concern. These populations are often 
subject to frequent local extinctions with little recolonization opportunities (i.e. 
weak metapopulation dynamics).

Southern Appalachian forests have recovered from the massive disturbances of 
the last 300 years, particularly the major cutting events of the early 1900s. Since that 
time, birds associated with mature forests have increased in numbers. Of 60 species 
in the eastern USA that are not obviously dependent on early successional habitats, 
over 85% show either stable or increasing populations (Fig.  13.1a, Dessecker in 
press). None of these species is listed as endangered, threatened or special concern. 
Such is not the case for 128 species (98 excluding species that use canopy gaps) that 
depend on disturbance (Fig. 13.1b, Dessecker in press). Fourteen of these species 
are federally listed. Many scientists and wildlife managers are concerned about the 
plight of species that depend on early successional habitats in the eastern USA 
(Askins 2001; Litvaitis 2001; North Carolina Wildlife Resources Commission 2005; 
Appalachian Mountains Joint Venture Management Board 2008).

As a result of logging at the turn of the last century, 80% of Southern Appalachian 
forests are now in a mid-successional stage (80–100 years old; Fig. 13.5a, b). This 
is a challenging situation for wildlife managers because the large area makes effec-
tive management treatments difficult. On top of this recent history, pre-European 
historical and “natural” disturbance regimes are either absent or very altered (White 
et al., Chap. 3; Spetich et al., Chap. 4). Loss of soil layers and invasive exotic plant 
species are two key influences that severely hinder our ability to restore ecosys-
tems to previous historical conditions. Ecological relationships are severely altered 
and keystone species are no longer present. Compounding the problem is ever 
increasing human population and urbanization, which superimpose a myriad of 
problems for wildlife in areas that appear to be providing suitable habitats on 
private lands.

Wildlife biologists once considered early successional wildlife species to be 
habitat generalists. Research over the last decade has refuted this hypothesis; indeed, 
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many early successional habitat species are specialists (DeGraaf and Yamasaki 
2003). Although areas may be in an early successional stage, they may lack neces-
sary structural complexity, composition, size, or spatial characteristics important for 
many early successional species (Askins 2001). Many early successional habitat 
patches have become isolated in either forested areas or within urban areas where 

Fig. 13.1  (a) Percent of bird species characteristic of mature forest habitats that are experiencing 
population increases exceeds the percent that are decreasing based on Breeding Bird Survey data 
(1966–2007) for Bird Conservation Regions in the eastern USA (including BCR 28 – Appalachian 
Mountains). Graph is from Dessecker (in press). (b) The percent of bird species characteristic of early 
successional habitats that are experiencing population declines exceeds the percent that are increas-
ing based on Breeding bird survey data (1966–2007) for Bird Conservation Regions in the eastern 
United States (including BCR 28 – Appalachian Mountains). Graph is from Dessecker (in press)
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domestic predators (e.g., house cats), automobile kills, and other mortality or 
disturbance agents make them unsuitable for habitation (Litvaitis 2003).

The plight of disturbance-dependent species has drawn the attention of wildlife 
biologists, Non-Government Organizations (NGOs), bird enthusiasts, and hunters. The 
American Bird Conservancy listed early successional habitat in eastern deciduous 
forest as one of the top 20 threatened habitats in North America. The Audubon Society’s 
Watch List emphasizes the plight of grassland and shrub/scrub species. Increasingly 
throughout the last decade, the shortage of early successional habitats and its impacts on 
disturbance-dependent species has been the focus of numerous special issues of profes-
sional publications (e.g., The Wildlife Society Bulletin 2001, vol. 29; Forest Management 
and Ecology 2003, vol. 185), workshops, research and involvement of NGOs.

This chapter examines early successional habitats from a manager’s perspective. 
Wildlife managers are charged with maintaining healthy and viable populations of 
wildlife species. We first examine which species and habitats need management 
attention. Next, we examine ways in which managers are determining how much 
early successional habitat is on the landscape, how biologists are determining the 
amounts and types needed, and where it should be placed at the local level. This 
leads to a discussion of how we create or develop these habitats on the landscape. 
Finally and perhaps most importantly, we discuss challenges managers face in cre-
ating these important habitats over large areas given the social and ecological 
concerns with creating disturbances in our forested landscape.

13.2 � Methods and Study Area

We focused on the Appalachian Mountains Bird Conservation Region (BCR) (Fig. 13.2) 
and looked more closely at the Southern Appalachians in many cases. Early succes-
sional habitats were defined as young forest (0–20 years old) and shrub-scrub habitats 
typically found in upland forested areas. Forest types corresponded roughly with the 
Eastern Mesic Subregion described by McNab (Chap. 2). We conducted informal sur-
veys of wildlife managers in eight states and examined Wildlife Action Plans in ten 
states in the Appalachian Mountain BCR. Wildlife Action Plans are comprehensive 
conservation plans developed by state wildlife agencies to be eligible for federal fund-
ing under the State Wildlife Grants program. We also reviewed regional and state initia-
tives and plans developed by the Appalachian Mountain Joint Ventures (Appalachian 
Mountains Joint Venture Management Board 2008) and other cooperatives.

13.3 � What Species? Which Habitats

Hunter et al. (2001) listed 128 species of birds that depend on some type of early 
successional habitat. Every State Wildlife Action Plan (SWAP) we reviewed 
included disturbance-dependent species and their habitats as priorities. The number 
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of species listed ranged from 7 to 80 and included birds, mammals, herpetofauna 
and game species (Table 13.1). As seen in Table 13.1, the different SWAPs used a 
variety of terminology to define types of early successional habitat. There is a need 
to develop specific definitions of early successional habitat types. It is clear that 
managers across the Appalachians consider many disturbance-dependent species 
and their habitats to be priorities for management.

Fig.  13.2  The Appalachian Mountains Bird Conservation Region (BCR 28) (Figure from 
AMBCRP Appalachian Mountains Bird Conservation Region Partnership 2005)
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Table 13.1  Priority early successional wildlife species and habitats identified in State Wildlife 
Action Plans for selected states in the Appalachian Mountains

State Priority species using early successional habitats Types of early successional habitat

GA Golden-winged Warbler, Grasshopper Sparrow, 
Bewick’s Wren, Appalachian cottontail, least 
weasel, star-nosed mole, and pygmy shrew

High-elevation early successional 
habitats. Includes a variety of 
vegetation types found at high 
elevations that are maintained 
by periodic natural or 
anthropogenic disturbance, 
mountain bogs, wet meadows

KYa American Woodcock, Bachman’s Sparrow, Barn 
Owl, Bell’s Vireo, Bewick’s Wren, Blue-
winged Warbler, Golden-winged Warbler, 
Least Flycatcher, Long-eared Owl, Northern 
Bobwhite, Prairie Warbler, Red-headed 
Woodpecker, Willow Flycatcher, Appalachian 
cottontail, evening bat, Indiana bat, Kentucky 
red-backed vole, Rafinesque’s big-eared bat, 
southeastern myotis, swamp rabbit, Virginia 
big-eared bat, coal Skink, corn snake, eastern 
coachwhip, eastern slender glass lizard, 
northern pine snake, northern scarlet snake, 
scarlet kingsnake, six-lined racerunner, 
southeastern crowned snake, southeastern 
five-lined skink, timber rattlesnake, western 
pygmy rattlesnake

Savannah/shrub-scrub terrestrial 
habitat and “transitional zones” 
from grassland to forest (both 
savannahs and woodlands), 
early successional stages of 
forest (e.g., regenerating 
stands, reforestation projects, 
latter stages of “old fields” 
where shrubs and young trees 
dominate), and previously 
mined areas currently in the 
shrub-scrub successional stage

NC Grasshopper Sparrow,Whip-poor-Will, Common 
Nighthawk, Northern Bobwhite, Prairie 
Warbler, Chestnut-sided Warbler, Bobolink, 
Alder Flycatcher, Willow Flycatcher, Horned 
Lark, American Kestrel, Orchard Oriole, 
Savannah Sparrow, Vesper Sparrow, American 
Woodcock, Field Sparrow, Eastern 
Meadowlark, Eastern Kingbird, Barn Owl, 
Golden-winged Warbler, Blue-winged Warbler, 
rock vole, meadow vole, least weasel, 
Appalachian cottontail, meadow jumping 
mouse, timber rattlesnake, coal skink, smooth 
greensnake, eastern box turtle

Ancient grassy balds on or 
adjacent to broad ridgetops 
(containing a variety of unique 
grass and herb species), 
shrub-dominated heath balds 
(alder, rhododendron and 
mountain laurel are common 
dominant species), lower 
elevation fields, meadows, 
pastures, and clear cuts 
resulting from agriculture or 
forestry activities

VA Golden-winged Warbler, loggerhead shrike, 
smooth greensnake, Northern Harrier, Barn 
Owl, timber rattlesnake, chuck wills widow, 
whip poor will, Northern Bobwhite, Prairie 
Warbler, Yellow-Breasted Chat, Eastern 
Towhee, Field Sparrow, Eastern Meadowlark, 
Appalachian cottontail, American Woodcock

Open vegetated habitats – only 
delineated into herbaceous and 
shrub/scrub

WV Northern Harrier, Golden-winged Warbler, 
Appalachian cottontail, Grasshopper Sparrow, 
Bobolink, Horned Lark, Vesper Sparrow, 
Blue-winged Warbler, Prairie Warbler, Field 
Sparrow, Appalachian Bewick’s Wren

Successional conifer forests and 
woodlands, successional 
deciduous forest, old fields, 
anthropogenic grassland, heath/
grass barrens and balds, 
marshes and wet meadows

GA Georgia, KY Kentucky, NC North Carolina, VA Virginia, WV West Virginia
aOmitted grassland-agricultural species from table
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13.4 � How Much Is Out There?

Managers throughout the Appalachian Mountains use a variety of methods to 
determine how much early successional habitat is on the landscape (Table 13.2). 
The methods employed, however have shortcomings and limitations. In many cases, 
agencies use gross estimates with no specific field verification or ground-truthing to 
validate these approximations. Because early successional habitats are ephemeral, 
and in many cases occur in small patches, they are difficult to quantify, and data-
bases need frequent updating. In addition, early successional habitats can be further 
divided into classifications that have relevance to specific species (i.e. grass/forbs, 
shrub/scrub, sapling, or mosaics of these structural elements). The two primary 
databases used to estimate the extent of early successional habitats are the National 
Land Cover Dataset (NLCD) and the Forest Inventory and Analysis (FIA).

13.4.1 � National Land Cover Dataset

In 1992, a consortium of federal agencies purchased Landsat 5 imagery of the USA, 
which they used to develop the NLCD (MRLC 2010). A second generation version 
was produced in 2001 using Landsat 7 imagery. The NLCD contains 21 land cover 
categories. Figure 13.3 shows eight categories of the NLCD for the Appalachian 
Mountains. Although the NLCD gives managers a good overview of the landscape, 
it misses many details needed to quantify early successional habitats. In the Southern 
Appalachians, 30% of the landscape is characterized as early successional (SAMAB 
1996); however, this is misleading. Over 26% of the early successional designation 
consists of pastures, croplands, water or developed areas. These areas are usually 
poor quality early successional habitats compared to recently disturbed hardwood 
forest (see Greenberg et al., Chap. 8) due to species composition and structure, poor 
agricultural management, and human disturbance (but see Lanham et al., Chap. 12). 
Estimates of semi-permanent early successional habitats, like balds and old fields, 
approximate 1% in the Southern Blue Ridge (North Carolina Wildlife Resources 
Commission 2005).

Table 13.2  Types of 
databases used to delineate 
early successional habitats  
by state agencies

•	 National Land Cover Database
•	 Forest Inventory and Analysis
•	 Gap Analysis Program (GAP)
•	 National Vegetation Classification Standard
•	 NatureServe Vista
•	 Aerial photos
•	 Continuous Inventory of Stand Condition (FSVeg used now)
•	 State Forest Inventory
•	 National Wetland Inventory
•	 National Vegetation Classification System
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13.4.2 � Forest Inventory and Analysis

The US Forest Service’s FIA is based on periodic field surveys of total 1.0 acre plots 
stratified by county and state (Trani et  al. 2001). They adhere to a strict set of 
national standards for accuracy (Hansen et  al. 1992). Fixed radius and variable 
radius prism points are used to measure trees within plots, and area expansion 
factors are used to extrapolate measurement to the larger population. Typically, 
managers or researchers make inferences about early successional habitats using 
stand-level diameter size class. Diameter class is a surrogate for stand age and the 
size class of interest is seedling-sapling (trees less than 12.7  cm diameter and 
30.5 cm in height) because it represents stands that are 0–20 years old. In some 
cases, non-stocked stands include some aspects of seedling-sapling and are included 
in analyses. An example of using these data to examine Ruffed Grouse (Bonasa 
umbellus) habitat is shown in Fig. 13.4 (also see Shifley and Thompson, Chap. 6; 
Franzreb et al., Chap. 9). Small diameter forests had declined nearly 40% in the 
Appalachian Mountains from 1980 to 2005.

Problems using FIA data can affect results. Data are summarized at the county 
level, and in cases where counties do not correspond to physiographic or ecological 
boundaries, results can be misinterpreted. Online tools are available however that 
allow a user to define an analysis area that does not correspond to county boundaries. 
As the survey is always ongoing, not all states are surveyed during the same year. 

Developed 8%

Forest 70%

Pasture/Crops/Hay 
17%

Shrub/Scrub 1%

Wetlands 1% Water 1%

Barren 0%

Grassland/Herb 2%

Fig. 13.3  Estimates of percent cover or habitat classes based on the National Land Cover Data 
(MRLC 2010) for the Appalachian Mountain Bird Conservation Region. The 21 classes of land 
cover data were combined into eight categories. Data do not provide information about the quality 
or condition of the habitat types (data summary from Appalachian Mountains Joint Venture 
Management Board 2008)
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This presents issues when combining states. Unfortunately, methodologies have 
changed over the years and some comparisons cannot be made between years in 
many cases. In addition, many early successional habitats may not be considered as 
“forestland” and therefore are not included in forestland totals.

13.4.3 � US Forest Service Inventory Data

The US Forest Service used a Continuous Inventory of Stand Condition (CISC) 
system to track forest types, and that has been replaced recently by a system titled 
Field Sampled Vegetation (FSVeg). This intensive on-the-ground inventory can be 
used to track stand age and document forest age composition as illustrated for all the 
national forests in the Appalachian Mountains (Fig. 13.5a). Age class 0–10 is cur-
rently 1.1% of national forest land, and 11–20 year old stands comprise 4.5%. The 
0–10 age class has declined from highs of nearly 5% in the early 1990s to just above 
1% currently. Figure 13.5b shows the decline in acres that are regenerated each year 
on national forests in the Appalachian Mountains.

13.4.4 � Problems with Measuring Early Successional Habitats

Many of the coarser-grained data sets miss important smaller-scale early successional 
habitats. In addition, there is no indication of their quality or structure. From a wildlife 
perspective, these quality issues can be critical. Inconsistent definitions of early succes-
sional habitat among databases becomes problematic; FIA values can be affected by 
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Fig. 13.4  Percent of small diameter forest in 1980 and 2005 in the Appalachian Mountain Bird 
Conservation Region using FIA data (compiled data from Dessecker et al. 2006)
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changes in methodologies and definitions from one sample period to the next (Trani 
et al. 2001). Finally, many databases do not measure these ephemeral early succes-
sional habitats at a frequency that allows managers to track them with any consistency 
or accuracy. There is clearly a need for new solution for measuring disturbed habitats.
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Fig. 13.5  (a) Percent of national forests in the Appalachian Mountain Bird Conservation Region that are 
in the 0–10 age class by year (data from FSVeg dataset, USDA Forest Service, Dave Casey 2011, pers. 
comm.). (b) Acres of regeneration in national forests in the Appalachian Mountain Bird Conservation 
Region by year (data from FSVeg dataset, USDA Forest Service, Dave Casey 2011, pers. comm.)
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13.4.5 � LiDar

One of the most promising techniques for measuring early successional habitats is 
Light Detection and Ranging (LiDar). LiDar is a remote sensing system used to 
collect topographic data using aircraft-mounted lasers. LiDar takes elevation mea-
surements by determining the time delay between transmission of laser pulses and 
detection of the reflected signal. A Global Positioning System (GPS) calculates 
location, with both the LiDar and GPS collectively assigning a series of x, y, and z 
coordinates. These data allow for the generation of a digital elevation model of the 
ground surface which can be used to determine the height of vegetation. For example, 
Fusting (2009) used LiDar to document the structure of a high elevation bald on 
Roan Mountain, North Carolina. He was able to classify and discern grasses from 
shrubs and extract blueberry bushes that measured 10¢ × 10¢ × 2¢ (Fig. 13.6). Modern 
software (Fusion) developed by the US Forest Service now allows users to manipu-
late LiDar layers on personal computers (McGaughey 2010). The result is a map of 
user-defined canopy heights which are a much better indicator of forest structure 
than stand age. Further exploration of this technology is needed, but early indica-
tions are positive.

13.5 � How Much Early Successional Habitat Is Needed  
and Where on the Landscape?

How much early successional habitat is needed and where it is needed are difficult 
questions for managers. Answers to these questions are being addressed at 
regional levels; however attempts to step down large-scale estimates to these 
local levels are virtually lacking. All states surveyed indicated that early succes-
sional habitats were important in their jurisdiction, and that regardless of whether 
the amounts were quantified, all agreed that there are not enough quality early 
successional habitats in the Appalachian Mountains. Most states have general 
goals to increase the amount of early successional habitats (Oehler 2003), but do 
not have specific targets for amounts or locations. State agencies typically have 
rather aggressive goals for increasing early successional habitats on state-owned 
areas. In general, in providing advice to the US Forest Service, many managers 
still recommend that between 8% and 12% of forests be in the 0–10 year age 
class. This recommendation is most likely related to maintaining balanced age 
classes in forests managed at 80–100 year rotations (see Shifley and Thompson, 
Chap. 6) but it is also related to considerations for species such as the Golden-
winged Warbler (Vermivora chrysoptera) (D. Buehler 2010, pers. comm.). States 
are attempting to use regional plans to set goals for providing early successional 
habitats for both game and non-game species, and it is worth looking at some of 
these regional initiatives.
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13.5.1 � Single Species Plans

Regional plans for three major disturbance-dependent game species: Ruffed Grouse 
(Dessecker et al. 2006), American Woodcock (Scolopax minor) (Kelley et al. 2008) 
and Bobwhite Quail (Colinus virginianus) (Dimmick et al. 2002) have been devel-
oped. All three plans establish population and habitat goals for specific regions of 
the USA, and these are stepped down to individual states. Importantly, all plans 
reference numerous species associated with the featured game bird of interest. 
These regional initiatives all rely on multi-state and multi-agency cooperation, and 

Fig. 13.6  Vegetation layer on Roan Mountain, North Carolina, created from LiDar data (Fusting 
2009). The top figure shows the raw data showing cell heights. The lower figure shows these data 
reclassified into polygons. Green – Forest canopy; Brown – Bald; purple – shrubs (graphs are from 
Fusting 2009)
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they represent excellent starting points for setting goals that managers can use as 
guidelines for areas within their respective states or management areas.

The Ruffed Grouse management plan (Dessecker et al. 2006) is an example of the 
regional initiative process. The plan’s major goal is to identify habitat availability and 
management objectives required to sustain or restore Grouse populations to 1980 
levels. Recognizing that farm abandonment during the mid-twentieth century may 
have led to Grouse populations higher than historical norms, the plan authors selected 
1980 as the year when abandoned lands moved past functional Grouse habitat. The 
target year for accomplishing plan objectives is 2025 with a goal of applying proac-
tive habitat management at regular intervals to provide a steady supply of quality 
Grouse habitat on the landscape. This notion of “steady supply of quality habitat” 
implies active management to sustain species at desired levels as opposed to passive 
management schemes relying more on natural or random disturbance events.

The Ruffed Grouse management plan used data from the 1980 and 2005 FIA 
inventories, and BCRs as analysis units. The seedling-sapling or small diameter 
(<5″ dbh) size class was used as a surrogate for stand age. Drumming male density 
was estimated for forest types from published results, regional surveys and profes-
sional opinion. If stands were in optimal age classes for Grouse, density estimates 
were then doubled to account for habitat quality differences. By tying population 
levels to habitat conditions, the plan authors derived population estimates for 1980 
and 2005 and then used these figures to determine habitat needed to restore Grouse 
to 1980 population levels. They established goals for each BCR and then stepped 
these results down to each state. Table 13.3 shows the amount of habitat needed to 
establish Grouse populations at 1980 levels for the Appalachian Mountains BCR. In 
this BCR, meeting plan objectives requires increasing the current proportion of 
small diameter forest by 10% (7.3 million acres), and maintaining this amount 
requires annual even aged treatments on 364,000 acres per year.

Table 13.3  An example of a “step down” process from a regional plan to individual states. The 
Ruffed Grouse Conservation Plan (Dessecker et al. 2006) outlines the current amount of annual 
even-age management, and the amount of small-diameter forest and annual management required 
to maintain or restore Ruffed Grouse populations to 1980 levels

State
Current annual even-age  
treatment (acres)

Small-diameter forest  
objective (acres)

Even-age management 
annual objective (acres)

Arkansas 7,000 159,100 8,000
Georgia 23,400 515,400 25,800
Kentucky 23,900 26,500 26,300
North Carolina 34,100 729,000 36,500
Ohio 46,300 1,013,400 50,700
Pennsylvania 91,100 1,992,100 99,600
Maryland 3,700 80,700 4,000
Tennessee 28,500 626,900 31,300
Virginia 45,200 962,400 48,100
West Virginia 48,200 1,060,400 53,000

Source: The Ruffed Grouse Conservation Plan (Dessecker et al. 2006)
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Similar goals were established in the American Woodcock Conservation Plan 
(Kelley et al. 2008). The primary goal of this plan is to halt the decline of Woodcock 
and restore densities to levels that provide opportunity for use of the resource. The 
premise of the plan is that loss of young forest habitat is responsible for declines in 
Woodcock recruitment and overall population status. The baseline year established 
for restoration is 1970, as that is when Woodcock populations began to decline. The 
plan attempts to set goals for restoring Woodcock densities rather than absolute 
population size because many areas that were habitat in 1970 may never be deve
loped into suitable Woodcock habitat. To restore Woodcock in the Appalachian 
Mountains BCR to 1970 levels, managers need to add 88,000 singing males to the 
population and create three million acres of new Woodcock habitat. Again, the 
Woodcock plan sets out both regional and state objectives.

13.5.2 � Multi-Species Efforts

We have covered game species plans and recognized that many other species will 
likely benefit from accomplishing goals outlined in these plans. What about plans or 
initiatives for nongame species? Most SWAPs prioritize the need to increase the 
area of quality early successional habitats for a variety of species. By the very nature 
of addressing the conservation needs of many species, goals in SWAPs tend to be 
very general in nature and they tend to reference various regional initiatives for 
amounts of early successional habitats needed. We will look at initiatives related to 
bird conservation and examine how the various geographic levels are organized.

The North American Bird Conservation Initiative Committee is a collection of 
government agencies, NGOs, and other initiatives dedicated to coordinating bird 
conservation in North America. The Committee acts as an umbrella for various 
other ventures, initiatives, and cooperatives involved in bird conservation. Over 
the last 20 years, a number of bird conservation initiatives have produced national 
and international bird conservation plans. Typically, these plans include assess-
ments of species status, population and habitat goals, threats, and monitoring 
needs. Partners in Flight is an example of such an initiative. Partners in Flight has 
produced both a North American Landbird Conservation Plan (Rich et al. 2004) 
and Landbird Conservation Plans for individual states and BCRs which provide 
more details than the continental plans. For example, the Partners in Flight Bird 
Conservation Plan for the Southern Blue Ridge sets a population goal to establish 
5,000 pair of Golden-winged Warblers (Hunter et al. 1999), but habitat targets and 
locations are very general. These initiatives have spurred a number of regional 
plans that are more detailed and specific to BCRs. In order to implement plans and 
continue the step down process, Joint Ventures, which are regional partnerships 
between public and private agencies and groups, have taken a lead role in attempt-
ing to create on-the-ground translation of plan objectives (USDI Fish and Wildlife 
Service 2010a). There are a number of state-based bird conservation initiatives 
throughout the Appalachian Mountains, and many projects identified by the Joint 
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Ventures are implemented through State Wildlife Grants administered through 
state nongame programs and specified in SWAPs.

Although some progress has been made in determining amounts of early succes-
sional habitats needed and locations at the regional and state levels, there is still a 
need for further step-down at more local levels. This question is being addressed 
aggressively by the Joint Ventures and other conservation groups (TNC 2000). 
Specifically, the Appalachian Mountains Joint Venture is focused on making great 
strides in the area of conservation design. Conservation design “refers to identifica-
tion of specific areas with landscape or habitat characteristics that will sustain viable 
populations at target levels, in this case, for priority bird species” (Appalachian 
Mountains Joint Venture Management Board 2008). The conservation design pro-
cess uses biological information, and specifically species – habitat relationships and 
viability modeling, to evaluate landscapes currently and into the future. This pro-
cess will provide tools for managers to determine how much habitat and where it is 
needed over large areas, and it will also evaluate trade-offs between species with 
contradictory habitat needs (e.g., early successional vs. mature forest species). 
Ultimately conservation design processes should produce a spatially explicit con-
servation blueprint of future desired condition to sustain populations (Appalachian 
Mountains Joint Venture Management Board 2008). State Wildlife Agencies would 
do well to support these efforts because they can be devised to not only test compet-
ing hypotheses of land management options, but also because they will allow for the 
most expedient use of limited resources to manage wildlife populations.

In an attempt to include all taxa, Land Conservation Cooperatives have been 
formed by the US Fish and Wildlife Service (USDI Fish and Wildlife Service 2010b). 
The Land Conservation Cooperatives are intended to support a landscape-scale, col-
laborative approach to conservation. Like the Joint Ventures, the Land Conservation 
Cooperatives are to assist with biological planning, conservation design, conserva-
tion delivery, monitoring, and research. As SWAPs are revised and rewritten, they 
will include both game and nongame in an attempt to be truly comprehensive.

13.5.3 � Setting Goals for Early Successional Habitats –  
Use of Appropriate Benchmarks

In determining the quantity and location of early successional habitats, one must 
determine appropriate benchmarks for population or habitat goals. There are several 
options for selecting points of reference or targets. One could choose a time in 
recent history or a historical reference point before European settlement. The ques-
tion becomes at what time in history does one “stop the car” (Dessecker 1997)?

The use of historical benchmarks for setting population or habitat goals can be 
problematic. Lorimer (2001, 2003) found the use of historical disturbance regimes 
to guide modern day systems to have two major issues. First, given that pre-European 
settlement disturbance regimes were variable in time and space, how does one define 
“natural” vegetation? Second, anthropogenic fire greatly shaped many ecosystems 
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in ways we may not be able to document (see Spetich et al., Chap. 4), and “natural” 
is again difficult to discern (Frost 1998). Lorimer (2001) posed a case study involv-
ing open oak woodlands. This community type was present historically, but the fire 
disturbance regime to keep these areas open most likely was more intense than natu-
ral fires alone. The management question becomes do we burn oak woodlands to 
keep them open since they were here and many species are adapted to this habitat, 
or do we let nature take its course in which case they become a late successional 
forest dominated by red maple (Acer rubrum), operating with gap dynamics? There 
are fair arguments on both sides, but one could end up losing a unique ecosystem. 
Cultural considerations certainly come into play; are Native American activities 
considered “natural”?

A more useful approach for wildlife management may be a proactive or “wildlife 
first” approach. Under this system, managers look forward and identify desired 
future conditions, such as amount and types of early successional habitats needed to 
maintain viable populations of target disturbance-adapted wildlife species and then 
create them accordingly (see Shifley and Thompson, Chap. 6). In this way, we can 
plan for a steady supply of quality early successional habitats on the limited areas 
available for management on the landscape (see Ruffed Grouse management plan). 
Indeed, Lorimer (2001) seemed to recognize this approach, stating “a more clearly 
defined role for scientific input might be questions on amount of habitat needed to 
maintain viable populations of early successional species.”

13.6 � How Do We Get Early Successional Habitats  
on the Ground?

If we know the disturbance-dependent species of interest and habitat requirements 
and we have a sense of the total amount of habitat needed in an area, we now must 
set about actually getting the habitat created or developed on the ground. This task 
can be broken down into two parts: management prescriptions and actual techniques 
for manipulating vegetation and the land (see Loftis et al., Chap. 5). Ultimately, the 
success of getting these important early successional habitats on the ground will 
depend on our ability to overcome challenges to actually doing the work.

13.6.1 � Establishing Early Successional Habitats

Table 13.4 lists the actions suggested in SWAPs and by state biologists for creating 
early successional habitats. Many of these are standard techniques (e.g., Loftis 
et al., Chap. 5) used by wildlife managers in the USA for over 80 years. Some recur-
ring themes from the informal survey of wildlife managers were that managers have 
experience developing disturbed habitats, and there is large body of literature avail-
able about using these techniques. In addition, we have habitat prescriptions for 
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many species, even though we may not have complete information for all species. 
There seems to be a sense of urgency among managers for the need to get going and 
creating a steady supply of early successional habitats for wildlife in many of our 
Appalachian Mountain landscapes. A common comment was “we have the pre-
scriptions, now let’s put the habitat on the ground”. Harper et al. (in press) provide 
excellent habitat management prescriptions for Ruffed Grouse in the Appalachian 
Mountains and there are many other such prescriptions for other species.

States have a variety of programs on both private and public lands. One fairly 
common approach is to define focal areas, which are areas with reasonable potential 
for habitat development and with some minimum population level identified for the 
species of interest. Once defined, management efforts and resources are focused in 
these areas in an attempt to build strong core populations. The Pennsylvania Game 
Commission recommends using public lands as “hubs” for habitat development and 
then complimenting these efforts with adjoining private landowners, analogous to 
spokes on a wheel (B. Jones 2010, pers. comm.).

13.6.2 � Barriers to Establishing Early Successional Habitats

Wildlife managers identified several significant barriers to developing early succes-
sional habitats on the ground (Table 13.5). The lack of clear goals and the lack of 
adequate funding to create early successional habitats are two important barriers. 
Although most biologists recognize that early successional habitats are in short sup-
ply, there are no clearly defined targets for the types needed or where they are 
needed, other than general regional initiatives. The increased “parcelization” of 

Table 13.4  Actions suggested in selected State Wildlife Action Plans to create early successional 
habitats for priority species

Acquisitions, prescribed fire, integrate other programs like Northern Bobwhite Conservation 
Initiative, invasive species control – Alabama

Acquisitions (connect blocks), regional land use planning, livestock BMPs, cost share incentives, 
encourage prescribed fire, encourage natives, control invasives, identify and protect areas at 
risk of urban development; also developed approach to prioritize areas to focus conservation 
efforts -Kentucky

“The needs of these [scrub-shrub and early successional] birds, including game species such as 
American Woodcock and Northern Bobwhite, should be considered within the context of 
forest habitat objectives.” – Georgia

Habitat descriptions in the plan include “key factors” and actions that will restore habitat: 
Composition (addresses invasives), Fire Regime (seasonality and frequency), Remoteness 
(road density), and Spatial Ecology (patch proximity, block size, block number) – Arkansas

Acquisition of conservation lands (we need more quality early successional habitat, e.g., grass 
balds). Consider increasing the size of timber harvest areas where appropriate to support 
greater variety and density of early successional “area sensitive” species. Control of exotic 
species. Implement conservation measures on private lands through various programs and 
initiatives. Increased management of balds - North Carolina
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private lands is another important barrier (Litvaitis 2003; see Wear and Huggett, 
Chap. 16). As tracts become more divided each time they are sold, potential man-
agement options become more limited. The ability and willingness of landowners to 
engage in forest management practices declines with tract size. A private landowner 
who owns 20  acres is most likely not going to cut 15  acres for Grouse habitat. 
Further, poor timber markets for smaller-sized trees were another barrier mentioned 
by state biologists (see Wear and Huggett, Chap. 16). This eliminates monetary 
incentives to pay for creation of certain early successional habitat types. Along with 
increased parcelization, increased rural land development is problematic not only 
for reducing the creation of early successional habitats (Wear and Huggett, Chap. 16), 
but also negatively impacting the quality of habitats that are actually out there. 
Disturbance, cats and dogs, automobile mortality, exotics and a host of other factors 
diminish the quality of early successional habitats in developed areas. Even the land 
management practices in undeveloped rural areas have become “modernized” pro-
viding only lower quality early successional habitats. Further, residential areas 
limit many management options, particularly the ability to use prescribed fire (see 
Spetich et al., Chap. 6). Smoke management has become a major issue in conducting 
controlled burns for wildlife and other reasons.

Almost unanimously, wildlife managers identified negative public perceptions 
about the techniques used to create early successional habitats as the major barrier or 
reason why agencies do not reach goals for creating these habitats. Many citizens 
believe that cutting trees is destruction and does not play a role in creating habitat for 
any species of wildlife. Fire is often viewed as destructive, and herbicides, even mod-
ern day, low toxicity and high selectivity ones, are still thought to have toxic effects 
on the environment. Certain groups often show logging done poorly in attempts to 
curtail or eliminate forestry practices on public lands. One respondent mentioned 

Table  13.5  Barriers to creating quality early successional habitats on the 
ground as identified in State Wildlife Action Plans and a survey of wildlife 
managers in the Appalachian Mountains

•	 Lack of specific habitat goals
•	 Lack of adequate funding
•	 Increasing “parcelization” – size of private tracts decreasing
•	 Lack of market for roundwood
•	 Fire suppression
•	 Increasing development

–	 Reduced management potential – fire
–	 Negative urban effects – reducing quality of early successional habitats

•	 Non-native invasive species
•	 Public opposition to techniques used to create early successional habitats
•	 Assumption that only game species need habitat management
•	 Visual values (scenery) more important than ecological or wildlife values
•	 Poor agricultural practices
•	 Clean farming
•	 Unmanaged recreational uses
•	 Incompatible road and utility corridor management
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that some of the public recognize active management of habitat as a game issue, and 
they believe that nongame species do not need such management. The struggle to 
provide early successional habitats is sometimes referred to as the “challenge of 
managing ugly habitat” (Askins 2001). Although probably unintentional, many of 
the public today wish to manage for visual values rather than ecological values. 
Scenic and visual issues must be considered on most federal forest lands.

13.7 � Solutions

Wildlife managers must find ways to overcome the many barriers to establishing 
levels and types of early successional habitat that are necessary to maintain viable 
or healthy populations of disturbance-dependent species. This will necessarily 
involve education, but most importantly, collaboration. It will also mean that tradi-
tional definitions of forestry may need to be expanded, especially on public lands, 
in order to satisfy competing human objectives.

Education always moves to the forefront when it comes to many management 
issues. The importance of getting accurate information to the public on the major 
points related to early successional habitats and species that depend on them is 
obvious. First, managers must educate the public as to the status of disturbance-
dependent species and early successional habitats. Many look at the disturbed areas 
on private lands and do not understand habitat issues of quality, size, and location. 
The more difficult issues involve elucidating the positive aspects of cutting trees 
and burning areas to create wildlife habitat. A good example of efforts to educate 
the public about the benefits of fire is the US Fire Learning Network (FLN). The 
FLN is a joint project of The Nature Conservancy, the US Forest Service and sev-
eral agencies of the US Department of the Interior. This effort has spawned many 
regional and state networks, including the Appalachian FLN. The US FLN seeks 
to “overcome barriers to implementing ecologically appropriate restoration proj-
ects using a facilitated conservation action planning approach” (TNC 2008). The 
FLN has fostered many successful burning projects and educated the public about 
the value of fire. Project Learning Tree, a program of the American Forest 
Foundation, is an environmental education program focusing on forest issues and 
other controversial environmental problems for school-aged children (Project 
Learning Tree 2004).

Ecological forestry is a concept that might allow movement past some of the con-
troversy about using certain habitat management techniques (Corace and Goebel 
2010). Ecological forestry attempts to link site conditions and natural disturbance 
regimes with silvicultural treatments that mimic outcomes of natural disturbances 
(Smith et al. 1996; Franklin et al. 2007). It requires a detailed understanding of the 
underlying disturbance regimes of a given ecosystem. One way to approach this is to 
create a “probability of disturbance” map where the probability of each of the major 
“natural” disturbance agents is mapped across the landscape (see White et al., Chap. 3). 
For example, fire probabilities would be highest on south and southwest-facing 
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slopes, and wind disturbances would be more likely on areas with shallow soils that 
are more exposed to winds such as ridge tops (Lorimer and White 2003). The prob-
abilities of beaver flooding would increase along low gradient waterways. In this 
way, prescriptions for watersheds or analysis areas could be crafted to mimic the 
most likely disturbance types for that site. Rather than waiting for chance events to 
create disturbances, managers could proactively establish a steady supply of early 
successional habitats in the areas they most likely occurred. Viewed in this way, 
ecological forestry is a win–win situation. It is good for wildlife, it uses resources 
wisely, and it fits in with the principles of ecological restoration.

Ecological forestry or any attempt to create critical early successional habitats for 
wildlife needs to involve partnerships, stakeholders, and other interested parties. One 
such paradigm involving these components is adaptive management. Adaptive man-
agement is a structured decision-making approach for improving resource manage-
ment by learning from management outcomes (Conroy and Carroll 2009; Williams 
et al. 2009). It is a good way to explore alternatives but yet have action on the ground, 
especially in the face of uncertainty (Moore et al. 2005). There are opportunities for 
both public input and collaboration and for science to be used. Describing the prob-
lem, defining objectives and proposing actions are all policy decisions and are best 
done with stakeholders, decision makers and experts. Developing models, conse-
quences, and optimization are left to biologists, modelers and other professionals. 
Monitoring and evaluation can involve citizen science and stakeholders as well as 
biologists and modelers (Nichols and Martin 2010). For many public agencies, input 
from stakeholders must be balanced against legislative mandates.

Within the context of structured decision-making, the early successional habitat 
issue can be viewed as a multi-species problem (Nichols and Martin 2010). Such an 
analysis requires a common currency for placing values on different species. This 
may mean determining the relative value of one species versus another one, and 
weighting the value of that species accordingly. Another approach is to use an inte-
grated metric such as one of the diversity indices. In this case, the weighting process 
is done implicitly because the diversity index assigns greater values to species of 
lower abundance. Nichols and Martin (2010) created a theoretical objective func-
tion (Fig. 13.7) using the Shannon-Wiener diversity index. In this example, species 
abundance distributions are plotted over some type of habitat feature gradient such 
as stand age (or percent of area in a particular disturbed state), and the Shannon’s 
diversity index is then calculated for each point along the gradient (red line in 
Fig. 13.7). This objective function then gives the manager an idea of where along 
the habitat gradient a piece of property should be to maximize the diversity index. It 
is important to note that in using an integrated metric such as a diversity index, there 
is a loss of some information that must be considered, so perhaps other metrics 
might be examined also. This is the type of analysis that can allow for an objective 
look at the tradeoffs for managing for multiple species. Moore et al. (2005) provide 
information on using optimization functions for examining endangered species 
recovery using red cockaded woodpeckers as an example. Habitat suitability mod-
els have also been used to examine large subsets of a species’ habitat needs over a 
large landscape (Larson et al. 2003).
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Cooperative organizations that pull together people and resources are very 
important in getting habitat work done on the ground. The Appalachian Mountain 
Joint Venture has been very effective in overseeing and initiating various projects 
aimed at providing early successional habitats in many states. The Appalachian 
Mountain Joint Venture is a “self-directed partnership of agencies and organizations 
whose focus is to conserve (i.e., protect, restore, enhance) habitats for priority bird 
species in order to improve or sustain their populations” (Appalachian Mountains 
Joint Venture Management Board 2008). The group has focused on the American 
Woodcock and the Golden-winged Warbler because of their steep declines and 
because other species of concern also use similar habitats (e.g. Blue-winged Warbler 
(Vermivora cyanoptera), Prairie Warbler (Dendroica discolor), Ruffed Grouse). 
The Appalachian Mountain Joint Venture is developing spatially explicit population 
and habitat goals in order to guide the conservation of early successional habitats in 
this BCR and have developed best management practices for Golden-winged 
Warblers. The Appalachian Mountain Woodcock initiative (Kelley et  al. 2008), 
which recently developed best management practices, is working with partners to 
usher in demonstration areas (54 areas in 2009 in five states). Many cooperative 
projects for both woodcock and Golden-winged Warblers have been initiated on US 
Forest Service lands as the agency embarks in large scale prescribed fire projects. 
Finally, the Appalachian Mountain Joint Venture is very involved with state and 
NGO biologists in establishing early successional habitats on both state-owned 
lands and private lands, and more recently in assisting with land acquisition for 
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Fig. 13.7  A theoretical multi-species model of species density along a habitat feature gradient for 
four species. For each point along the habitat feature gradient, Shannon’s Diversity is calculated. 
A manager then could use this type of analysis to select a desired future condition for an analysis 
area (graph from Nichols and Martin 2010)
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priority bird species. It is clear that regional initiatives pulling together resources, 
stakeholders and money can do many good things for wildlife.

Sportsmen’s groups will continue to play an important role in habitat conserva-
tion. Organizations like the Ruffed Grouse Society fund important field projects to 
directly develop young forest habitat. An important tool that sportsmen’s groups are 
using on US Forest Service lands is Stewardship Contracting (USDA Forest Service 
2009). Ranger districts may apply the value of timber removed against the cost of 
land management services received (goods for services). Receipts from the sale of 
wood products are not returned to the national treasury but rather may be used to 
fund service work such as habitat improvement or maintenance of existing habitat 
developments. The actual timber sale also contributes to the development of young 
forest stands. Groups like the National Wild Turkey Federation have become very 
active in this program, and it is one important way for sportsmen to become involved 
in creating wildlife habitat on public lands.

Sportsmen in many states are becoming more attuned to habitat issues. On many 
national forests, white-tailed deer (Odocoileus virginianus) harvests have declined 
(NCWRC, unpublished). Sportsmen are becoming more involved in forest policy 
issues. It would certainly be more effective if sportsmen joined with bird enthusiasts 
who recognize the need for active habitat management for songbirds.

Private lands have not been discussed here, but clearly programs to assist private 
landowners with the development of early successional habitats are going to be criti-
cal. There are a number of farm bill programs (Table 13.6) that are available to help 
these landowners. The Northern Bobwhite Quail Initiative actually sets state goals for 
grassland habitats, and funding from farm bill programs is coordinated with these 
goals (Dimmick et  al. 2002). Connecting government assistance to regionally set 
goals is an outstanding way to tie incentives to productive and meaningful develop-
ment of key wildlife habitats. The Forest Stewardship program is another program 
coordinated by the US Forest Service but operated by the states and it offers key tech-
nical advice to private forest land owners. In addition, many forest certification groups 
aim to make it worthwhile for landowners to keep lands in a forested condition. North 
Carolina enacted a wildlife incentive tax law that allows landowners who provide 
certain priority habitats identified in the SWAP to be taxed at a lower property tax rate. 
Early successional habitats of 20–100 contiguous acres qualify for the tax credit.

Table 13.6  Farm bill and 
other private lands incentive 
programs for wildlife

Conservation Reserve Program (CRP)
Conservation Reserve Enhancement Program (CREP)
Wetlands Reserve Program (WRP)
Wildlife Habitat Incentive Program (WHIP)
Conservation Stewardship Program (CSP)
Grassland Reserve Program (GRP)
Environmental Quality Incentives Program (EQIP)
Forest Stewardship
State Wildlife Tax Credits
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13.8 � Triage Situations

The situation for many species dependent on disturbed habitats is critical. Many 
disturbance- dependent species and habitats are on various watch lists and lists of 
endangered habitat types. The Bewick’s Wren (Thryomanes bewickii) is seemingly 
extirpated from much of the Central Hardwood Region and is now listed as endan-
gered, threatened, or of special concern in many of the midwestern and all of the 
eastern states where it occurs (Powers 2001). Bewick’s Wren’s population levels 
were high during the 1800s at a time when farms and homesteads created favorable 
habitat–mixtures of thick scrubby vegetation near open woodlands (Powers 2001). 
With field abandonment and the maturing of the hardwood forests of the Central 
Hardwood Region, habitat is now very limited for this bird. And, in places where 
habitat is present near human development, competition from House Wrens 
(Troglodytes aedon) is too much for this bird. Many biologists feel it may be too late 
to bring the Bewick’s Wren back.

Northern Georgia is home to the southernmost range of the Golden-winged 
Warbler. The bird was “quite common especially in open oak savannahs and sec-
ond growth on hillsides” in the mountains of Georgia from 1850 to the 1950s 
(Brewster 1886). From 1966 to 1979, the Breeding Bird Survey population trend 
was −18.7%, and by 1979 no birds were detected on these routes. Klaus (2004) 
surveyed North Georgia and found Golden-winged Warblers on only five sites. The 
bird was listed by the Georgia Department of Natural Resources as a state endan-
gered species in 2007, and by 2009, the bird population was reduced to one site 
with 12 breeding pairs. The remaining site is on US Forest Service land on 
Brawley’s Mountain (Klaus 2011, pers. comm.). A proposed project to restore the 
open oak woodlands and shrublands of this area was immediately appealed despite 
support from the Audubon Society. The project was finally approved in 2010, and 
400 acres of the original 1,400 that were planned will be developed to improve 
habitat for this bird (J. Wentworth 2011, pers. comm.).

These are just two examples of situations in the Appalachian Mountains. When 
a species gets to the point that Golden-winged Warblers are in north Georgia, biol-
ogists must begin “triage”. Klaus (2004, 2011, pers. comm.) made several recom-
mendations for increasing Golden-winged Warblers in Georgia. First, the existing 
population must be augmented by creating additional habitat within 1  mile of 
where the birds currently exist (he found that Golden-winged Warblers will not 
disperse great distances when at low population levels). New habitat should be cre-
ated through a combination of fire and timber harvest as fire alone was not practical 
due to the required high intensity burns necessary to thin the forests with fires 
alone. Then, he suggested that connectivity with existing source or stronghold 
areas (southwestern North Carolina) be established via grouped patches of early 
successional habitats at high elevations (3,000–5,000 ft). When a population gets 
to this stage, options become limited. It is better to address species needs before 
population levels become too low.
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13.9 � Conclusion

Early successional habitats and the species dependent on them are a major 
conservation concern in the Appalachian Mountains. Current conditions present 
many challenges to getting these important habitats out on the landscape. Early suc-
cessional habitats are ephemeral and require that managers constantly either create 
newly disturbed areas to replace those that succeed to older age classes, or treat 
those areas that are already disturbed to retard or set back succession. In order to 
conserve disturbance-dependent species, we need to develop reliable means of iden-
tifying and quantifying early successional habitats and assessing quality. Much 
work remains to be done in the area of conservation design so that managers know 
clearly how much and what types of early successional habitats are needed and 
where they should be located. Finally, mangers must step out of the field and engage 
the public through collaboration.

For the short term, we need to identify “triage” situations or situations and take 
action to keep the species in the region. Also in the short term, we need to identify 
two or three key species and begin the process of adaptive management to “learn by 
doing” as we develop habitat and monitor populations. These strategies both can be 
done in a collaborative setting.

Looking ahead long range, managers need to embrace the principles of conserva-
tion design and the requisite modeling that goes with that approach. On-the-ground 
mangers must move into this area and use the modern tools of habitat suitability 
assessment and population viability analyses (Millspaugh and Thompson 2009). 
These tools should be applied to multiple sets of species and move from coarse-
grained to fine-grained analyses. A hierarchical method of moving from large regions 
to focal areas within the states is a valid approach, and a clear step down process from 
regional initiatives to local areas is much needed (Thompson and DeGraaf 2001). 
Right now, conservation design tools are the privy of researchers at universities and 
research institutions. But, they need to be adapted in useful forms for those charged 
with managing the landscape for wildlife. This “will necessitate a move in the practice 
of conservation design away from the domain of scientists and academicians and into 
the hands of ‘quantitatively savvy practitioners’. The success of conservation design 
… will hinge on the success of this transition” (Thogmartin et al. 2009).

Hopefully we can find areas of concurrence with those philosophically opposed 
to human management of forestlands. Some points of agreement may include that 
the suite of early successional species are important and that we need to ensure their 
future existence. Also, we can all recognize the importance of both mature forest 
and early successional species in long term conservation planning, and the impor-
tance of maintaining a balance of various disturbed habitats as well as old growth 
within a forested landscape.

It takes much effort and action when working with disturbance-dependent species 
and early successional habitats. Managers may not have 100% of the information 
necessary when operating, but it is important to examine the costs of inaction. The 
public needs to understand the very real consequences to wildlife from decisions not 
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to impart a habitat management action on a particular landscape. We must give equal 
consideration to both the long term implications of inaction and the short term impli-
cations of action (Dessecker in press). The very future of many species depends on 
our ability as a society to consider both sides of this issue.

Are we not just another step in the natural process of human ecological interactions? We 
manage existing undeveloped landscapes for biodiversity… (we) maintain diversity and 
ensure the viability of all species (Delcourt and Delcourt 2004).
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Abstract  Tree harvests that create early successional habitats have direct and indirect 
impacts on water resources in forests of the Central Hardwood Region. Streamflow 
increases substantially immediately after timber harvest, but increases decline as 
leaf area recovers and biomass aggrades. Post-harvest increases in stormflow of 
10–20%, generally do not contribute to downstream flooding. Sediment from roads 
and skid trails can compromise water quality after cutting. With implementation of 
Best Management Practices (BMPs), timber harvests are unlikely to have detrimental 
impacts on water resources, but forest conversion from hardwood to pines, or poorly 
designed road networks may have long lasting impacts. Changing climate suggests 
the need for close monitoring of BMP effectiveness and the development of new 
BMPs applicable to more extreme climatic conditions.

14.1 � Introduction

Watershed management requires understanding the tight linkages among vegeta-
tion, soils, and water quantity and quality. Because of these linkages, forest man-
agement activities that alter vegetation, such as creation of early successional 
habitats, have the potential to impact water resources. From a hydrologic stand-
point, we define early successional habitats by the structural and functional attri-
butes that are created by disturbance and influence hydrologic processes. Early 
successional habitats can be created by either natural disturbances (e.g., hurricanes, 
tornados, severe wildfires), or human-mediated intentional (e.g., forest cutting) 
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and unintentional (e.g., invasive insects and disease introductions) disturbances 
(White et al., Chap. 3). Defining structural attributes of early successional forests 
include low leaf, stemwood and sapwood areas, high forest floor mass and coarse 
woody debris, and a high proportion of fast-growing, shade intolerant species 
(Keyser, Chap. 15). Defining functional attributes include high leaf-level C gain 
and low water use efficiencies, rapid organic matter decomposition, and acceler-
ated nutrient cycling and accumulation (Keyser, Chap. 15). Although early succes-
sional forest attributes can be maintained with repeated disturbances, these 
attributes more often are transitional and recovery to pre-disturbance conditions 
occurs quickly (e.g., leaf area) or over several decades (e.g., species composition). 
Where disturbances are particularly severe, such as road building or loss of a domi-
nant overstory species, structural and functional attributes may never recover to 
pre-disturbance conditions (Ellison et al. 2005). Combined, these changes in struc-
tural and functional attributes can impact water resources, and land managers need 
to consider those impacts when managing forests for multiple benefits. In particu-
lar, forest harvesting (with and without species conversion) and associated forest 
operations have the potential to substantially alter both water quantity and quality; 
in some cases, these changes persist long-term. In short, good land management is 
good watershed management.

Our understanding of the changes in water resources associated with creating 
early successional habitats is largely derived from a long history of paired water-
shed studies that have examined long-term streamflow and water quality responses 
to forest cutting (Calder 1993; Stednick 1996; Jones and Post 2004; Brown et al. 
2005). Paired catchment studies have been critical to understanding how land 
management and other disturbances affect streamflow and quality. Accurate mea-
surement of streamflow is at the core of paired watershed studies and this typi-
cally requires installation of a weir at the watershed outlet (Reinhart and Pierce 
1964). Streamwater quality can be measured directly for some parameters (e.g., 
turbidity, pH, temperature, conductivity) using automated sensors, or water sam-
ples can be analyzed in a laboratory for these and other parameters such as nutri-
ent concentration. The primary goal of the paired catchment method is to isolate 
streamwater response to cutting by accounting for the influences of climate or 
other factors. Using a paired untreated watershed that serves as a reference, 
streamflow response to cutting can be determined by examining the difference 
between expected streamflow (e.g., what would be expected if the watershed had 
not been treated) from observed streamflow. When measured streamflow differs 
from expected, the inference is that the treatment alone resulted in the streamflow 
response. Catchment scale manipulations at experimental watersheds such as the 
Coweeta Hydrologic Laboratory in the Southern Appalachians of North Carolina, 
the Fernow Experimental Forest in the Central Appalachians of West Virginia, 
and Hubbard Brook Experimental Forest in New Hampshire involve various 
intensities and types of management activities, as well as variation in watershed 
characteristics such as aspect, elevation, and size (Adams et al. 2008). These long-
term watershed studies provide a powerful database from which we can examine 
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the effects of managing for early successional habitats on streamflow amount, 
timing, and quality.

Annual streamflow generally increases for the first few years after forest canopy 
removal,, but the magnitude, timing, and duration of the response varies consider-
ably among ecosystems. Using data from water yield studies across the globe, a 
general model suggests that for each percent of the forest removed streamflow 
increases 2.5–3.3 mm (Calder 1993; Stednick 1996); however, general models typi-
cally explain less than 50% of the variation of the streamflow increase (Stednick 
1996) due to high variability in stand structure, pre- and post-harvest species com-
position, and the interaction between vegetation and climate. In some cases, stream-
flow returns to pre-harvest levels within 10–20 years. In others, streamflow remains 
higher, or can even be lower than pre-harvest flow, for several decades after cutting. 
This wide variation in temporal response patterns is attributable to the complex 
interactions between climate and vegetation, which can vary considerably from dry 
to wet to snow-dominated climatic regimes, and with differences in vegetation 
structure and phenology (coniferous vs. deciduous forest) (McNab, Chap. 2).

While gauged watershed studies provide the foundation for quantifying stream-
flow responses to forest disturbances, process-level studies are required to fully 
understand the structural and functional attributes that regulate the magnitude and 
duration of responses. For example, timber harvest simultaneously alters forest 
structure by reducing leaf area index, interception surface area, and vegetation 
height. Harvesting also alters forest function by changing the relative abundance of 
plant species (Loftis et al., Chap. 5; Elliott, Chap. 7), and the physical environment 
by changing the energy balance, wind environment, hydrologic flowpaths, and soil 
temperature and moisture. The topographic/edaphic complexity and high vegetation 
diversity of forest ecosystems in the Central Hardwood Region is likely to result in 
a wide range of streamflow response patterns. A more in depth understanding of the 
factors regulating these response patterns can help managers create and maintain 
early successional habitats and protect or enhance water resources.

Water quality can also be substantially affected by management activities that cre-
ate early successional habitats and can have detrimental impacts on aquatic habitats 
and organisms (Moorman et al., Chap. 11). Research indicates that the harvest of for-
est biomass in itself has little or no measureable impact on sediment yield. Instead, the 
primary factors that determine sediment yield are the forest operations required to 
remove logs, such as roads and skid trails, and the implementation and effectiveness 
of Best Management Practices (BMPs) that either minimize erosion or prevent sedi-
ment from reaching the stream. Stream nutrients can also be impacted by creating and 
maintaining early successional habitats; however, response magnitude and duration 
vary considerably among chemical constituents, post-disturbance successional 
dynamics, and other silvicultural practices such as the use of herbicides or fertilizers.

In this chapter we focus on the first several years after harvesting to assess poten-
tial impacts of using forest harvests to create early successional habitats on water 
resources. To provide examples and illustrate concepts, we use data primarily from 
long-term studies in the Southern Appalachians, but also include and integrate 
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results of studies from watershed experiments in other areas of the Central Hardwood 
Region. In addition, we include a discussion of the potential implications of climate 
change and how associated changes in precipitation regimes might interact with 
early successional habitats.

14.2 � The Hydrologic Budget of Forested Watersheds

The three main components of the hydrologic budget of forested watersheds are inputs 
in the form of rain, snow, and ice (P); outputs in the form of transpiration, canopy 
interception, and soil and forest floor evaporation (evapotranspiration, ET), and ground-
water recharge and streamflow (RO or runoff); and change in soil water storage (S). 
Thus, the hydrologic budget can be expressed in terms of a simple mass balance equa-
tion: RO = P–ET ± S. Over the long-term, changes in soil water storage (S) are assumed 
to be negligible so that the storage component of the budget is usually ignored.

Understanding components of the water budget is useful for interpreting and 
predicting potential impacts of creating and maintaining early successional habitats. 
ET is the primary component influenced by forest cutting. However, significant alter-
ations to hydrologic flowpaths due to compaction, roads, and other physical changes 
can influence runoff processes as well, especially stormflow. Timber harvesting alters 
ET by changing forest structure and function, and the micrometeorological factors 
that drive transpiration and evaporation. Structural changes include less leaf and stem 
surface area, and change in the distribution and arrangement of branch surface area. 
A major functional change that ensues when shifting from mature trees to seedlings, 
sprouts, and herbaceous vegetation is a decrease in abundance of plant species with 
conservative water use, resulting in increased transpiration per unit leaf area (Wallace 
1988). The vegetation layer can also be more coupled to the atmosphere after forest 
harvest, thus changing energy balances and wind profiles (Swift 1976; Swank and 
Vose 1988). For example, Sun et al. (2010) found that net radiation of an 18-year old 
loblolly pine plantation was 20% higher than a younger stand (4–6 year old) in on the 
Coastal Plain of North Carolina, resulting in a 25% higher ET in the former.

14.3 � Streamflow Responses to Forest Removal

14.3.1 � Amount and Timing

Forest harvesting increases annual streamflow in almost all cases in the Central 
Hardwood Region (Jackson et al. 2004). For example, average increases (% increase 
relative to that expected based on flow in a reference watershed) in water yield for 
the first 2 years after cutting ranges from 9.1% at Hubbard Brook in New Hampshire, 
14.3% at the Fernow in West Virginia, and 23.0% at the Coweeta Hydrologic 
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Laboratory in North Carolina (Table 14.1). Comparing clearcut harvests with and 
without BMPs in hardwood forest in eastern Kentucky, Arthur et al. (1998) found a 
138% (without BMPs) and a 123% (with BMPs) increase in streamflow during the 
initial 17 month post-cutting period. Water yield was still 15 to 12% greater 8 years 
after cutting for the BMP and without BMP watersheds, respectively (Arthur et al. 
1998). Differences among regions are likely the result of a complex array of factors, 
but syntheses of worldwide data from watershed experiments suggest that absolute 
increases after cutting are greatest in high rainfall areas (Bosch and Hewlett 1982; 
Swank and Johnson 1994). Other factors include soil depth, the proportion of the 
annual water budget accounted for by ET, and annual snow fall. The amount of 
steamflow response is greatest during the first few years following treatment and 
can be estimated for upland hardwood forests using a model (Douglass and Swank 
1975) where first year streamflow increase (water yield) is predicted as a function of 
the amount of basal area removed and an index of solar radiation inputs:

	 ( )1.4462
Yield 0.00224* BA / PI ,=  

where
Yield = first year increase in streamflow (cm),

	 BA = amount of basal area removed (%), and
	 PI = solar insolation index.

Highest yields are observed when 100% of the forest is harvested on north facing 
slopes. On south or west facing slopes where solar radiation inputs are greater, first 
year responses are lower because ET on harvested south facing slopes is not as 
responsive to the increased energy load as ET on harvested north facing slopes. The 
model also includes an equation to predict the exponential decline in streamflow 
response as the forest re-grows and LAI recovers (Swank and Douglass 1975). 
Applications of the model indicate good performance in the Southern Appalachians 
(Swank and Johnson 1994; Swank et  al. 2001) and other eastern deciduous and 
coniferous forests (Douglass and Swank 1975; Douglass 1983).

Forest cutting can also impact streamflow timing throughout the year and alter storm 
hydrographs. For example, in areas with high snowfall and shallow soils, cutting 
increases the proportion of annual streamflow in the spring and summer months due to 
faster snowmelt and reduced transpiration. In areas with deeper soils and higher preci
pitation, typical of the Southern Appalachians, flow increases are greatest in the late 
summer and fall, and may extend into the winter months (Swank and Johnson 1994). 
For example, on a south facing clearcut watershed in the Southern Appalachians, 

Table  14.1  Post-treatment streamflow response expressed as a percentage increase relative to 
expected streamflow (adapted from Vose et al. 2010)

Experimental forest
Average annual response  
(first 2 years post-cut) Minimum Maximum

Coweeta, NC (n = 6) 23.0 10.3 44.1
Fernow, WV (n = 3) 14.3 10.8 18.2
Hubbard Brook, NH (n = 3)   9.1   1.7 18.9
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streamflow increased by approximately 48% during August through October, a time 
when flows from mature forests are typically lowest (Swank et  al. 2001). Storm 
hydrographs (i.e., a graphical analysis of stream flow vs. time during and after storm 
events) can also be impacted by cutting and the effects of timber harvesting on flood-
ing have been a focus of intense debate and research for the past several decades (Lull 
and Reinhart 1972; Andreassian 2004; Eisenbies et al. 2007). Flooding is defined by 
hydrologic events that exceed bankfull. The linkage between timber harvesting, storm 
hydrographs, and flooding is complex, and can be better understood by examining the 
components of stormflow, and then dissecting how forest harvesting influences these 
components. Streamflow is comprised of baseflow and stormflow, with the latter being 
described by both the magnitude (peakflow) and duration (stormflow volume). 
Flooding occurrence and severity is determined largely by peakflow (essentially anal-
ogous to stage or the height of the stream) and stormflow volume (the amount of flow 
contributed by the storm). In forests of the Central Hardwood Region, peakflow and 
stormflow volume are primarily affected by forest operations that create soil distur-
bances that alter stormflow pathways; chief among these operations is the road net-
work. For example, in the Southern Appalachians, stormflow volume was nearly 
double on a watershed logged with a high road density (Douglass and Swank 1976) 
compared to a watershed logged with a low road density (Swank et al. 2001). However, 
increases were still relatively minor (10% increase for the low road density watershed 
versus 17% increase for the high road density watershed). Peak discharges increased 
on the low road density watershed by up to 15% (Swank et al. 2001). In other sites 
where trees were felled, but no material removed and no roads were built, peakflow 
rates increased very little over all (<7%) although stormflow volume increased by 
11% (Hewlett and Helvey 1970). In West Virginia, peak discharges after logging were 
up to four times greater during the growing season (Patric and Reinhart 1971) and 
they were up to 30% greater after cutting in New Hampshire (Hornbeck 1973).

If BMPs are implemented, most of the physical impacts related to harvest soil 
disturbances (e.g., skid trails, landing decks, etc.) are short-lived and have little 
impact on flood risk over the long-term. In contrast, construction of roads and asso-
ciated engineering related to road surfacing, drainage, culvert design and location 
are much longer lasting. Depending on the design and surface area impacted, these 
can permanently alter hydrologic flow paths and storm hydrographs. In short, road 
design needs to focus on “disconnecting” the surface water draining from the road 
network to the stream network. Analyses of the impacts of cutting on downstream 
flooding suggests that many extreme flood events are unrelated to forest cutting and 
associated road networks and skid trails. Instead, they are primarily determined by 
storm size and intensity (Perry and Combs 1998; Kochendorfer et  al. 2007) and 
occur regardless of forest management activities.

14.3.2 � Duration of Streamflow Response

Among the biological and physical process changes that occur with timber harvest, 
the duration of streamflow response primarily depends on how quickly leaf and 
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sapwood area recover, and the physiological and structural characteristics of the 
tree species that occupy the site after the cutting. Long-term streamflow responses 
for six watersheds in the Southern Appalachians illustrate the temporally variable 
nature of the response. The response depends on both the forest management 
objective (e.g., thinning, species conversion, clear cut, etc.,) and how the resulting 
vegetation responds to climate (Fig.  14.1). Few watershed treatments show no 
effect (e.g., zero line represents no difference between observed and expected flow 
based on flow from the reference watershed); and more importantly, few of the 
watersheds have returned to expected levels after 20 years. For example, where 
timber harvesting was followed by a species conversion (in this case, from decidu-
ous hardwood to conifer, Fig. 14.1a–b), annual streamflow returned to reference 
levels after approximately 10 years, marking the point in time when canopy closure 
was complete. Thereafter, streamflow has been about 25% lower on the conifer 
dominated watershed (relative to the hardwood reference watershed) due to higher 
interception and year round transpiration by conifers (Swank and Douglass 1974; 
Ford et al. 2011).

Variation in sapwood area and species composition among hardwood species 
during succession can also play an important role in determining the magnitude 
and timing of streamflow responses after cutting (Ford et al. 2011). For example, 
transpiration rates for a given diameter yellow-poplar (Liriodendron tulipifera) 
are nearly twofold greater than hickory (Carya spp.) and fourfold greater than 
oaks (Quercus spp.). Yellow-poplar transpiration and stomatal conductance rates 
are also much more responsive to climatic variation compared to oaks and hicko-
ries (Ford et al. 2011) (Table 14.2). Xylem anatomy and resulting sapwood area 
are important determinants of stand transpiration (Wullschleger et al. 2001). For 
example, transpiration of trees with diffuse-porous, ring-porous, semi-ring-
porous, and tracheid xylem anatomies vary more among these three xylem types 
than they do within a type by species (Fig. 14.2). Diffuse ring porous species 
have greater sapwood area than ring- or semi-ring porous species and as sap-
wood area increases, potential water transport increases (Enquist et  al. 1998; 
Meinzer et al. 2005). Hence, if the early successional stand is dominated by dif-
fuse porous species such as yellow-poplar, black birch (Betula lenta), or red 
maple (Acer rubrum), we would expect that growing season transpiration in an 
average year to be much greater (and hence, lower streamflow) than stands domi-
nated by ring-porous species such as oaks or hickories, and likewise be more 
responsive to climatic variation. In most cases, post-harvest or post-disturbance 
vegetation succession in the Appalachians is a complex mix of species in both 
space and time (Elliott and Vose 2011) which makes simple extrapolations diffi-
cult. For example, as eastern hemlock (Tsuga canadensis) declines and its basal 
area is reduced by attack from an invasive exotic insect, black birch, a diffuse-
porous sapwood species, is dominating early successional trajectories of leaf and 
sapwood area response (Orwig et al. 2002). This shift in species composition 
has the potential to increase transpiration by 30% (and thus correspondingly 
decrease streamflow) (Daley et al. 2007).

To fully understand and predict how post-harvest shifts in the relative abundance 
of tree species regulate streamflow response (e.g., to explain the variation shown in 
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Fig. 14.1  Streamflow response (D, cm yr−1) to forest cutting in the Southern Appalachians (see 
Swank and Crossley (1988) for site and treatment descriptions). Grey bars depict the calibration 
period and cyan bars depict streamflow response after treatments. Solid lines on either side of the 
zero line are 95% confidence intervals; data within the confidence intervals do not differ from zero. 
Species conversion treatments involved cutting hardwood species and planting Pinus strobus on 
north (N) and (S) facing watersheds (from Ford et al. 2011)
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Table 14.2  Mean (standard error) growing season daily transpiration per unit leaf area (E
L
, mm) 

for four hardwood species (Adapted from Ford et al. 2011). Within columns, species not sharing 
the same lowercase letters denote significant differences among species for that year. Within rows, 
years not sharing the same uppercase letters denote significant differences among years for that 
species

Year

Species 2004 2005 2006

Carya spp. 0.20 (0.03) b, A 0.19 (0.02) b, A 0.18 (0.02) c, A
Liriodendron tulipifera L. 0.45 (0.05) a, AB 0.39 (0.07) a, B 0.46 (0.03) a, A
Quercus prinus L. 0.21 (0.03) b, A 0.07 (0.01) b, B 0.10 (0.02) cd, AB
Quercus rubra L. 0.10 (0.02) b, A 0.07 (0.02) b, A 0.07 (0.01) c, A

Fig. 14.2  Observed daily water use (DWU) estimated from sap flux density in trees of varying 
species (legend text denotes first two letters of Latin binomial: BELE Betula lenta, NYSY Nyssa 
sylvatica, COFL Cornus florida, LITU Liriodendron tulipifera, ACRU Acer rubrum, PLOC 
Platanus occidentalis, CASP Carya spp., QUPR Quercus prinus, QURU Q. rubra, TSCA Tsuga 
canadensis, PIST Pinus strobus) in reference watersheds at Coweeta (except PIST). Symbols rep-
resent the mean DWU of replicate trees in each species during the growing season for deciduous 
species, days of year 128–280 in 2006. Mean DWU during the entire annual period is shown for 
coniferous species (TSCA is during 2004, PIST is during 2006). LITU, QURU, QUPR, CASP, and 
PIST data are from (Ford et al. 2011). TSCA data are from Ford and Vose (2007). BELE, NYSY, 
COFL, ACRU, and PLOC are from (C. Ford and J. Vose, unpublished) but follow the methods in 
(Ford et al. 2011). Symbols: circles are species with diffuse porous xylem anatomy, diamonds are 
species with semi-ring-porous xylem anatomy, triangles are species with ring-porous xylem anat-
omy, stars are for species with tracheid xylem anatomy (from Vose et al. 2011)
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the empirical data shown in Fig. 14.1), we need to be able to link spatially explicit 
(i.e., cove, midslope, ridge, etc.) predictions of species composition and structure with: 
(1) species-specific physiology, (2) soil moisture and subsurface flow dynamics, 
and (3) microclimate. This is a significant departure from traditional hydrologic 
sciences and requires a multidisciplinary, multi-scale approach (Fig. 14.3).

14.4 � Water Quality Responses

Considerable research has been conducted on the effects of forest harvesting on 
water quality in upland hardwood forests, as well as the development of BMPs to 
minimize impacts (Kochendorfer and Hornbeck 1999; Jackson et al. 2004; Sun et al. 
2004). The most impacted water quality parameter is sediment load, although water 
temperature and dissolved nutrient concentrations can also be affected. The impact 
of all of these parameters can be reduced or eliminated with proper planning and 
BMP implementation. Thus, water quality from streams draining early successional 
forests can be as high from streams draining undisturbed forested catchments.

Sediment delivery to streams occurs primarily as a result of erosion from roads 
and skid trails associated with logging (Anderson et al. 1976; Swift 1988; Swank 
et al. 2001). For example, logging without BMPs resulted in annual sediment losses 

Fig. 14.3  Interdisciplinary approaches to understanding impacts of forest management and other 
disturbances on water yield requires linking species dynamics and physiology, soil moisture 
dynamics, and climate across scales ranging from leaves to landscapes (from Vose et al. 2011)
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on the order of 3.1 MT ha−1 in the Central Appalachians compared to 0.04 MT ha−1 
in uncut reference watersheds (Jackson et al. 2004). Careful layout and construction 
of roads and skid trails minimizes impacts (Swift 1988). However, roads and skid 
trails are particularly vulnerable to erosion during and shortly after construction, 
and stream crossings are the most likely locations for sediment delivery to streams. 
In a study in the Southern Appalachians examining the effectiveness of road con-
struction BMPs, the majority of sediment was generated in two large storms that 
occurred shortly after new road construction and declined to pre-cut levels after 
road stabilization and reduced use after logging (Swank et al. 2001). Thus, it is criti-
cal to implement BMPs to ensure that newly constructed roads are quickly stabi-
lized and that water and sediment moving from the forest roads and associated 
components such as ditches and cut banks is dispersed into areas that are discon-
nected from the streams to ensure infiltration and sediment trapping (Swift and 
Burns 1999). For example, in eastern Kentucky, BMPs such as streamside buffer 
strips and proper road construction and rehabilitation reduced suspended sediment 
considerably compared to a watershed clearcut without BMPs (Arthur et al. 1998). 
By contrast, other management activities that can be used to create early succes-
sional habitats without roads and skid trails (e.g., high intensity prescribed burning) 
are much less likely to cause a decline in water quality. For example, felling and 
burning low quality pine-hardwood stands in the Southern Appalachians resulted in 
no off-site movement of sediment (Swift et al. 1993).

Stream temperature, which affects dissolved oxygen concentration, may also be 
impacted by timber harvesting and the creation of early successional habitat. 
However, the magnitude and duration of the increase depends on the width of ripar-
ian buffers and the size of the harvested area. In the Central Hardwood Region, 
removal of forest canopy adjacent to forest streams increases maximum summer 
stream water temperatures by as much as 6°C (Swift and Messer 1971; Hornbeck 
and Federer 1975; Swift 1983; Clinton et al. 2010; Clinton 2011). However, main-
taining a riparian forest buffer reduces or eliminates this effect (Hornbeck et  al. 
1986; Moore et al. 2005; Clinton 2011). For example, Clinton (2011) found that a 
buffer width as narrow as 10 m was adequate to prevent an increase in stream tem-
perature after cutting. In addition, when only small areas of riparian forest canopy 
are removed, stream temperature responses are often dampened or eliminated within 
relatively short distances (e.g., 150 m) downstream (Clinton et al. 2010).

Disruption of terrestrial nutrient cycling processes through both alteration of soil 
abiotic conditions and reduced vegetation nutrient uptake can lead to nutrient trans-
port into streams. Forest ecosystems are characterized by conservative nutrient 
cycling; most chemical constituents are limiting and tightly cycled by biogeochemi-
cal processes. Creating early successional habitats results in a considerable disrup-
tion to nutrient cycling processes and alters the environmental characteristics that 
regulate them. Opening the forest canopy increases soil temperature, and reduced 
transpiration rates increase soil moisture (Swank and Vose 1988). Both soil tem-
perature and moisture influence nutrient cycling. For example, warmer and wetter 
soils result in increased nitrogen (N) mineralization and nitrification (Knoepp and 
Swank 2002; Knoepp and Vose 2007). Hence, these systems can transform N held 
tightly in organic matter to more mobile inorganic forms such as nitrate-N (NO

3
−). 
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In undisturbed forests, N typically limits productivity; most available N is used by 
the vegetation or immobilized by microbes. When nutrient uptake is disrupted by 
forest harvesting, combined with accelerated mineralization and nitrification, excess 
nutrients can be transported to streams. Studies examining changes in streamwater 
chemistry after timber harvesting have found that increases in nutrient concentra-
tions can occur (especially for NO

3
−), losses are generally small relative to overall 

site nutrient pools and have little or no impact on water quality (Arthur et al. 1998; 
Martin et  al. 2000; Swank et  al. 2001). Nutrient responses tend to be greater in 
higher latitudes where nutrient cycling processes are more limited by temperature 
compared to responses at lower latitudes and elevations (Hornbeck et  al. 1986). 
However rapid re-establishment of vegetation (both woody and herbaceous) plays a 
major in sequestering nutrients and re-establishing nutrient cycling processes. 
Indeed, major losses of nutrients (especially N, but also calcium and potassium) 
have been observed when vegetation regrowth is precluded by herbicides (Likens 
et al. 1970). Hence, one of the key BMPs to keep nutrients on site is to ensure rapid 
re-establishment of vegetation.

14.5 � Potential Interactions with Climate Change

Because of the combination of biological and physical controls on hydrologic 
processes, climate change will both directly and indirectly impact the nation’s water 
resources (Brian et al. 2004; Sun et al. 2008). The direct impacts of climate change 
on water resources will depend on how climate change alters the amount, type (e.g., 
snow vs. rain), and timing of precipitation; how this influences baseflow, stormflow, 
groundwater recharge, and flooding; and how these new hydrologic regimes interact 
with land use types (see Wear, Chap. 16). Long-term USGS streamflow data suggest 
that average annual streamflow has increased and this increase has been linked to 
greater precipitation in the eastern continental USA over the past 100 years (Lins 
and Slack 1999; Karl et  al. 1995; IPCC 2007). However, fewer than 66% of all 
Global Circulation Models (GCMs) can agree on the predicted change in direction 
of future precipitation, e.g., wetter vs. drier (IPCC 2007). Inter- and intra-annual 
precipitation variability in the continental USA is a natural phenomenon related to 
large-scale global climate teleconnections (e.g., El Niño Southern Oscillation, 
Pacific Decadal Oscillation, North Atlantic Oscillation). Many regions of the USA 
have experienced an increased frequency of precipitation extremes over the last 
50 years (Easterling et  al. 2000a; Huntington 2006; IPCC 2007). As the climate 
warms in most GCMs, the frequency of extreme precipitation events increases 
across the globe (O’Gorman and Schneider 2009). However, the timing and spatial 
distribution of extreme events are among the most uncertain aspects of future cli-
mate scenarios (Karl and Knight 1998; Allen and Ingram 2002). Despite this uncer-
tainty, recent experience with droughts and low flows in many areas of the USA 
indicate that even small changes in drought severity and frequency will have a major 



26514  Early Successional Forest Habitats and Water Resources

impact on society, including drinking water supplies (Easterling et al. 2000b; Luce 
and Holden 2009).

Most of the world’s knowledge of the interactions among management, climate, 
vegetation, soils, and streamflow has been derived from long-term experiments on 
paired catchments. A key question is whether this knowledge, built primarily on 
empirical relationships under historical climate regimes, will allow robust predic-
tions of responses under future climatic regimes. Creating early successional habitats 
has the potential to alter the hydrological responses to climate change again by influ-
encing biological factors that determine evapotranspiration and physical factors that 
create soil disturbances or alter hydrologic flow paths. Management activities that 
favor or replace one species (or several species) over another can alter ET through 
direct and indirect changes in transpiration or interception (Ford et al. 2011, Stoy 
et al. 2006). For example, land management practices that favor high transpiration 
and interception may create conditions that mitigate the impacts of higher rainfall, 
but worsen the impacts of drought. As a result, streamflow responses (amount and 
timing) and recovery rates may be different under future climates. In general, hydro-
logic responses to climate change are larger in the humid Central Hardwood Region 
(McNab, Chap. 2). than in drier regions, and most climate models suggest the eastern 
USA will become more water-stressed (Sun et al. 2008). Thus, understanding the 
role of vegetation in hydrologic processes becomes increasingly important in the 
Central Hardwood Region as the climate gets warmer and more variable.

14.6 � Summary

Because of the tight linkage between vegetation, soils, and water quantity and quality, 
creating early successional habitats has both direct and indirect impacts on water 
resources in the Central Hardwood Region. Decades of research using paired catch-
ments in upland hardwood forests has shown:

	1.	 Streamflow increases substantially in the first few years after cutting, but increases 
decline as sites revegetate and leaf area recovers. Streamflow increases are 
greater where precipitation is highest and where evapotranspiration represents a 
large portion of the overall site water budget.

	2.	 The magnitude and rate of recovery to pre-disturbance streamflow depends on 
species composition and how species vary in transpiration and leaf and sapwood 
areas. Diffuse-porous species such as blackgum (Nyssa sylvatica), red maple, 
black birch, and yellow-poplar have the highest transpiration rates, while species 
with ring- or semi-ring porous sapwood, such as oaks and hickories, generally 
have the lowest transpiration rates for a given diameter. As such, watersheds dom-
inated by the former would be expected to return to pre-cut streamflow levels 
faster than watersheds dominated by the latter; but depending on how the post-
treatment vegetation differs from the pre-treatment vegetation, streamflow 
responses may be permanently higher or lower than reference conditions.
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	3.	 Stormflow increases by 10–20% following cutting and is directly proportional to 
the density and design of forest roads. However, these increases have not been 
shown to contribute to downstream flooding.

	4.	 Sediment is the primary concern in terms of water quality responses to cutting 
and the primary sediment sources are roads and skid trails. BMPs have proven to 
be effective in reducing sediment.

	5.	 Land managers will need to consider the potential interactions among future 
climate, changing vegetation structure and function, and physical impacts of 
forest operations on water resources.

As long as BMPs are properly implemented and maintained, creating early succes-
sional habitats in upland hardwood forests by harvesting trees is not likely to have a 
significant negative impact on either water quantity or water quality. However, it is 
also clear that forest operations associated with forest cutting (such as roads, stream 
crossings, culverts, etc.) can create permanent changes to hydrologic flow paths and 
serve as long-term sources of concern for water quantity and quality. In short, ensur-
ing that BMPs are properly implesmented and functional requires a long-term com-
mitment by land managers. Finally, much of what we know about the effects of 
disturbances on water resources (and the BMPs required to minimize those effects) 
has been developed from empirical data under historical climate regimes. Climatic 
conditions predicted for the eastern USA under climate change scenarios suggests 
the need for close monitoring of BMP effectiveness and the development of new 
BMPs applicable to more extreme climatic conditions in the future.
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Abstract  Across a forested landscape, stand-level management actions or natural 
disturbances that create early successional habitats result in a short-term loss of car-
bon in any given stand, but are often offset by carbon gains in other, undisturbed 
stands. Standing carbon stocks and rates of sequestration vary with species, site pro-
ductivity, stand age, and stand structure. The age distribution of forest stands has a 
particularly large effect on landscape-level carbon storage. Consequently, forest man-
agement activities, including creation of early successional habitats, have short-term 
implications for stand-level carbon storage, but their impact on forest- or landscape-
level carbon storage ultimately depends upon the temporal distribution and spatial 
scale of young forest stands on the landscape.

15.1 � Introduction

Anthropogenic activities, including burning fossil fuels and changes in land-use 
patterns, have increased atmospheric concentrations of greenhouse gases. Considered 
to be the most important anthropogenic greenhouse gas, atmospheric carbon 
dioxide (CO

2
) concentration reached 387 ppm in 2009, significantly higher than the 

pre-industrial concentration estimated at 280 ppm (http://www.esrl.noaa.gov/gmd/
ccggl/trends). Future emission scenarios suggest CO

2
 concentrations will increase 

between 41 and 158% by 2100 (IPCC 2007).
The rise in CO

2
 and other greenhouse gases have led to a 0.7 °C increase in global 

surface temperature during the twentieth century (IPCC 2007). Given current and 
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predicted CO
2
 levels over the next 100  years, future changes in global surface 

temperatures are expected to be even larger. Under all emission scenarios modeled 
by the Intergovernmental Panel on Climate Change (IPCC), fossil fuel use and CO

2
 

emissions will increase well into the 21st century. Mitigation efforts designed to 
capture and store carbon, however, can offset and regulate anthropogenic CO

2
 emis-

sions. The ability of forestland to sequester and offset CO
2
 emissions has generated 

substantial interest in managing forests for increased CO
2
 uptake and storage through 

activities such as afforestation, reforestation, and improved forest management.
Forests sequester atmospheric carbon in aboveground live and dead biomass, soil 

organic matter, roots, and surface detritus. They emit carbon back to the atmosphere 
through metabolic processes such as autotrophic and heterotrophic respiration, and 
physical processes such as herbivory, fire, insect and disease outbreaks, and timber 
harvesting. The forest carbon cycle is comprised of periods of carbon storage punc-
tuated by periodic disturbance events (both natural and anthropogenic) that release 
carbon back to the atmosphere. At any given point in time, individual stands are 
either sources or sinks of carbon. This difference between gross carbon gained via 
photosynthesis, or gross primary productivity (GPP), and total carbon lost is net 
ecosystem production (NEP). When NEP is negative, a forest stand is a source of 
atmospheric carbon (Fig. 15.1). When NEP is positive, a forest stand is removing 
and storing carbon. Although individual stands are either sources or sinks of carbon 
at any specific point in time, carbon balance at the forest- or landscape-level is 
determined by summing the net carbon balance of individual stands.

At a global scale, forest ecosystems are a net carbon sink; over a defined time-
frame, forests sequester more carbon than they emit. Forestland in the USA consti-
tutes a particularly large carbon sink relative to the global carbon budget. Overall, 
forestland in the USA sequestered 216 Tg carbon in 2008, an 18% increase over that 

Fig. 15.1  Generalized pattern of net ecosystem production (NEP) as a function of stand age 
following stand replacing disturbance (e.g., regeneration harvest)
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in 1990 (Environmental Protection Agency (EPA) 430-R-10-006). Much of this 
increase is the result of improved forest management practices, successful forest 
regeneration treatments, and afforestation and reforestation efforts, along with 
increases in aboveground live biomass in existing forest stands.

For purposes of inventory and accounting, carbon in forests is categorized into 
one of six pools: (1) aboveground biomass (all living biomass above the soil); 
(2) belowground biomass (all living biomass of roots >2 mm in diameter); (3) dead 
wood (non-living woody biomass); (4) litter [litter (O

i
) and duff (O

e
 + O

a
) layers in 

addition to woody material <7.5  cm]; (5) soil organic matter; and (6) harvested 
wood products (IPCC 2003, 2006). Because carbon is not directly measured as part 
of standard forest inventory procedures, methods exist to estimate carbon storage in 
the various carbon pools using forest inventory data. For example, aboveground live 
tree carbon is often estimated using species-specific allometric equations that relate 
tree size to biomass. Carbon is then calculated using a ratio that relates biomass (on 
a dry weight basis) to carbon [0.5 for aboveground live tree biomass (IPCC 2003)]. 
This biomass to carbon conversion factor varies based on the carbon pool analyzed 
[e.g., litter, dead wood, etc. (IPCC 2003)]. Excluding the harvested wood product 
carbon pool, which the size and longevity will vary with silvicultural prescription, 
harvesting system, species, and forest product type (Smith et  al. 2006), above
ground biomass and mineral soil carbon pools constitute the greatest proportion of 
a forest stand’s overall carbon stock; these are followed by belowground biomass, 
dead wood, and litter carbon pools.

Predominant forest types within the Central Hardwood Region are dominated by 
upland oak and hickory (Quercus-Carya) species (Johnson et al. 2002b). Associated 
canopy-tree species include mixed-mesophytic species such as yellow-poplar 
(Liriodendron tulipifera), ashes (Fraxinus spp.), maples (Acer spp.), and others (see 
Loftis et al., Chap. 5). As abandoned farmland returns to forestland and past timber 
harvests enter mid- to later stages of stand development, carbon continues to accu-
mulate in these forests, making carbon capture and storage an added benefit of past 
management actions. Relative to other eastern forest types, second growth oak-
hickory forests are a strong carbon sink; they are capable of sequestering 5.25 Mg 
carbon ha−1 year−1 (Greco and Baldocchi 1996) compared to 3.7 Mg carbon ha−1 
year−1 in northern hardwood forests in the northeastern USA (Wofsy et al. 1993).

Upland hardwood forests of the Central Hardwood Region are managed for a 
multitude of ecosystem services. While meeting specific resource objectives, the cre-
ation of early successional habitats in mature upland hardwood forests can alter 
stand-level carbon storage and, depending on the temporal and spatial scale of man-
agement actions, landscape-level carbon dynamics (e.g., Campbell et al. 2004; Depro 
et al. 2008). Variations in climate, forest type, stand structure and species composi-
tion, stand age, and edaphic conditions among and within the physiographic regions 
of the central hardwoods interact to influence the rates of carbon sequestration and 
total carbon storage following both natural and silvicultural disturbance events. 
Although forest carbon storage is most meaningful when examined at the landscape-
level (Harmon 2001), silvicultural prescriptions designed to achieve resource man-
agement objectives are implemented at the stand-level. Consequently, developing an 
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understanding of the role forest management has on the various carbon pools and 
stand-level carbon storage is relevant to carbon management at the landscape-level. 
The following provides a synopsis of the literature associated with the potential 
effects of creating early successional habitat via silvicultural practices on stand-level 
biological carbon pools and dynamics in the Central Hardwood Region.

15.2 � Carbon Dynamics Following the Creation  
of Early Successional Habitats

15.2.1 � Aboveground Biomass

As described by Loftis et al. (Chap. 5), numerous silvicultural tools and methods 
can be used to create early successional habitats. Even-aged silviculture utilizing 
the clearcutting and shelterwood methods, a two-aged system or shelterwood with 
reserves, and the group selection method of uneven-aged management are all effec-
tive methods. In all cases, these regeneration harvests result in stands that lack 
closed or continuous canopy and are in the early stages of stand development (i.e., 
stand initiation).

Of the biological carbon pools after harvest (i.e., excluding the harvested carbon 
pool), carbon stored in aboveground biomass is the most dynamic as well as most 
easily quantified (Fahey et al. 2010). Following harvests and barring any managed or 
unmanaged disturbance events, the aboveground component of a newly regenerated 
forest stand accumulates carbon in a predictable sigmoid pattern (Hunt 1982) 
(Fig. 15.2). Young forests take up carbon rapidly and have high growth rates, but 

Fig. 15.2  Generic pattern of stand-level total carbon (C) storage and annual rate of C storage in 
the aboveground biomass pool following a regeneration harvest as a function of stand age
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contain significantly less biomass and standing carbon stocks than mature forest 
stands. During canopy closure, net primary productivity and carbon uptake by above-
ground vegetation are maximized. As stands age, rates of carbon sequestration and 
net primary productivity decline, but aboveground biomass and carbon storage 
continue to increase until biomass approaches a maximum defined, in part, by spe-
cies composition and associated maximum size-density relations (Yoda et al. 1963) 
and environmental conditions (Gholz 1982; Johnson et al. 2000; Kranabetter 2009).

Carbon stored in the aboveground biomass pool is the largest (Li et al. 2007) or 
second largest (Bolstad and Vose 2005) carbon pool in upland forests of the Central 
Hardwood Region and is maximized when the frequency of anthropogenic and nat-
ural disturbances is low (Reinhardt and Holsinger 2010; Nunery and Keeton 2010; 
Harmon et al. 2009; Hudiburg et al. 2009; Harmon and Marks 2002; Janisch and 
Harmon 2002). The pattern of carbon accumulation observed throughout stand 
development (Fig.15.2) is applicable to forest stands regardless of species composi-
tion (Spetich et al. 1998, Johnsen et al. 2001; Law et al. 2003; Taylor et al. 2007). 
However, the upper limit of forest stand-level carbon storage and the timeframe 
associated with maximizing carbon storage in aboveground biomass differ among 
forest stands due to variation in species composition (Grigal and Ohmann 1992; 
Caspersen and Pacala 2001; Bunker et al. 2005), disturbance patterns, and edapho-
climatic conditions (Smithwick et al. 2002; Van Tuyl et al. 2005; Hudiburg et al. 
2009). As a result of their history (see White et al., Chap. 3; Shifley and Thompson, 
Chap. 6), most regenerated upland forests in the Central Hardwood Region, are 
even-aged, second-growth forests (80–100 years old) and are at a point in stand 
development where they are still accumulating aboveground carbon (Brown et al. 
1997; Brown and Schroeder 1999) albeit at a slower rate than occurred earlier in 
stand development (i.e., during stand initiation; Fig. 15.2).

Although second growth upland hardwood forests throughout the Central 
Hardwood Region are still accumulating carbon in aboveground biomass, aboveg-
round carbon stocks are substantially less than in comparable old-growth forests. 
Throughout oak-hickory dominated regions, aboveground carbon stocks (calculated 
using a standard carbon to biomass ratio of 0.5) can range between 87.5 and 92.5 Mg 
carbon ha−1 for mature, sawtimber sized stands and 50–62.5 Mg carbon ha−1 for 
poletimber sized stands (Brown et al. 1997). Stands recently regenerated (i.e., seed-
ling/sapling sized stands with early successional and young forest structure) gener-
ally store £25 Mg carbon ha−1 in aboveground live biomass (Brown et al. 1997). 
However, these carbon estimates reflect averages for oak-hickory forests across a 
broad range of physiographic regions and age classes. Aboveground carbon stocks 
vary with site productivity and species composition. In Indiana, for instance, above-
ground carbon stocks in oak-hickory forests vary by as much as 50% between stands 
of low [oak site index (SI), base-age 50 between 16.8 and 18.3 m] and high (oak SI 
between 25.9 and 27.4 m) site quality (Kaczmarek et al. 1995).

If undisturbed, upland hardwood forests have the potential to sequester substan-
tial quantities of carbon in aboveground vegetation. Old-growth forests across the 
Central Hardwood Region (Schmelz and Lindsey 1965; McClain and Ebinger 1968; 
Weaver and Ashby 1971; Muller 1982; Cho and Boerner 1991; Spetich and Parker 



276 T.L. Keyser

1998) possess aboveground carbon stocks that range from 98.5 Mg carbon ha−1 in 
oak-hickory forests in Illinois (McClain and Ebinger 1968) to 165 Mg carbon ha−1 
in mixed-mesophytic forests of Kentucky (Muller 1982). As edaphic and climatic 
(i.e., edaphoclimatic) conditions improve, the capacity of a forest stand to accu
mulate and store aboveground biomass and carbon increases (Kranabetter 2009).  
A prime example of this positive productivity-carbon storage relationship is found 
in forests of Great Smoky Mountains National Park. Here, the edophoclimatic envi-
ronment, species composition, and disturbance history have resulted in a substantial 
and prolonged accumulation of biomass with aboveground live tree carbon stocks 
estimated to range from 163 to197 Mg carbon ha−1 in some of the park’s old-growth, 
cove hardwood forests (Busing et  al. 1993). Old growth forests are a significant 
carbon sink (Luyssaert et al. 2008), but occupy only a small percentage of forested 
land relative to second-growth forests. Old growth forests represent the upper 
bounds of carbon storage that may not be attainable for the majority of second-
growth forest stands, even if left unmanaged (Brown et al. 1997).

15.2.2 � Belowground Biomass

The belowground biomass pool is composed of coarse and fine roots (IPCC 2003). 
Despite consuming a significant proportion of annual net primary productivity, fine 
roots contribute only a minor proportion of the total carbon storage in any given 
forest stand (Santantonio et al. 1977; Grier et al. 1981; Comeau and Kimmins 1989; 
John et al. 2001). Carbon is stored in coarse roots in two distinct pools: living veg-
etation and harvested or dead trees (hereafter referred to as residual coarse roots). 
Unlike fine roots, coarse roots represent a significant and long-term carbon pool 
(Resh et al. 2003; Miller et al. 2006; Yanai et al. 2006). Similar to aboveground 
biomass, carbon storage in coarse roots accumulates in a sigmoid pattern as stands 
progress through stages of stand development. In young, recently regenerated 
stands, small diameter trees require less structural support than large trees of older 
stands. Consequently, coarse root biomass and corresponding carbon stocks are 
relatively low early in stand development and are maximized during the later stages 
of stand development (Misra et al. 1998; Resh et al. 2003; Yanai et al. 2006).

Following a regeneration harvest, coarse roots of harvested trees remain on-site, 
and the carbon stored in them may have a relatively long residence time. The rate of 
decomposition of residual coarse root systems depends on tree species and wood 
quality (Fahey and Arthur 1994; Chen et al. 2001), size of residual coarse root mate-
rial (Fahey et al. 1988; Janisch et al. 2005), and temperature and moisture availabil-
ity (Fahey and Arthur 1994; Ximenes and Gardner 2006). Decomposition of residual 
coarse root systems is often modeled using a negative exponential function (Melin 
et al. 2009), suggesting that a portion of residual coarse root carbon is a long-term 
pool that must be accounted for when assessing the effects of management on stand-
level carbon storage. In loblolly pine (Pinus taeda), for example, coarse- and tap-
root biomass can persist upwards of 60 years after harvest (Ludovici et al. 2002) and 
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between 10% and 50% of hardwood coarse root biomass can remain on-site 
100 years following harvest in Australia (Ximenes and Gardner 2006).

Information regarding coarse root decomposition specific to upland hardwood 
tree species in the Central Hardwood Region is sparse. However, it is plausible that 
carbon stored in coarse roots systems following harvests in hardwood stands may be 
of greater importance to a stand’s overall carbon budget than in conifer-dominated 
stands, given the propensity of hardwood species to allocate more carbon below-
ground than managed conifer species (e.g., Miller et al. 2006). As a guideline, the 
IPCC suggests that carbon stored in the biomass of coarse root systems has a post-
harvest residence time of only 10 years (IPCC 2003). From the limited data available 
on coarse root decomposition, (e.g., Ludovici et  al. 2002; Ximenes and Gardner 
2006) it would appear this 10-year residence time (IPCC 2003) underestimates car-
bon storage in residual root systems. In turn, this overestimation of residual root 
decay can lead to an overestimate of carbon flux to the atmosphere following forest 
management and underestimate stand-level carbon stocks over time.

15.2.3 � Dead Wood Biomass

Dead and down coarse wood [defined as dead and down woody biomass greater 
than a specific diameter (often >7.6 cm in diameter or >10 cm in diameter)] is vital 
to proper maintenance of ecosystem structure and function. Dead and down wood 
fills an important niche in forested ecosystems, providing habitat for vertebrate spe-
cies (e.g., Moorman et al., Chap. 11) as well as an energy and nutrient substrate for 
invertebrate, fungal, and microbial species (Harmon et al. 1986). Furthermore, the 
nutrients and energy released during the decomposition of wood contributes to the 
maintenance of long-term site productivity.

At the time of a regeneration harvest (i.e., stand initiation), down and dead coarse 
wood in a forest stand comes from one of two sources. Dead coarse wood mass pres-
ent at the time of stand initiation is residual dead wood from the previous stand or is 
created by the regeneration harvest itself (Janisch and Harmon 2002). Immediately 
following creation of early successional habitats, or during stand initiation (Fig. 15.3, 
stand age = 0), carbon stored in dead coarse wood is typically abundant due to woody 
residues left on-site during harvest operations (Spetich et al. 1999, Duvall et al. 1999). 
For example, in Central Appalachian hardwood stands regenerated via clearcutting, 
dead coarse wood can approach 55  Mg ha−1 2  years post-harvest (McCarthy and 
Bailey 1994), which exceeds dead coarse wood biomass in many old-growth forests.

As aboveground biomass begins to accumulate in recently regenerated stands, 
low mortality rates of the arborescent vegetation layer, coupled with decomposition 
of residual and post-harvest dead coarse wood, reduces carbon stored in dead coarse 
wood to a minimum (Fig. 15.3, I). Aggregation of coarse wood begins slowly dur-
ing stem exclusion (Oliver and Larson 1996); however, inputs are relatively low, 
given mortality during this stage of stand development is limited to intermediate and 
suppressed (i.e., small diameter) trees (Fig. 15.3, II). During understory reinitiation 
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(Oliver and Larson 1996), mortality of large-diameter trees beings to occur and the 
rate at which coarse wood carbon accumulates increases (Fig. 15.3, III) until an 
equilibrium between production and decomposition occurs during late (i.e., old-
growth) stages of stand development (Fig. 15.3, IV). So, although regeneration har-
vests generally result in a short-term pulse of coarse wood to the system via logging 
residues, over time there is a reduction of both biomass and carbon that is sustained 
until stands enter the stand reinitiation or old-growth stages of stand development 
(Hardt and Swank 1997; Spetich et al. 1999; Duvall and Grigal 1999).

Although the U-shaped pattern (Fig. 15.2) of coarse wood accumulation follow-
ing a regeneration harvest can be used to generalize coarse wood carbon dynamics 
across geographic regions and forest types (Harmon et al. 1986), the rate and amount 
of coarse wood carbon accumulation within any given forest stand varies as a func-
tion of time since disturbance or stand age (Sturtevant et al. 1997), type and sever-
ity/intensity of disturbance (Spies et al. 1988; McCarthy and Bailey 1994; Duvall 
and Grigal 1999), site quality (Harmon et al. 1986; Spetich et al. 1999), and decay 
rates, which are influenced by species, size of substrate, topographic position, cli-
mate, and site quality (MacMillan 1981; Harmon et al. 1986,1995; Janisch et al. 
2005; Webster and Jenkins 2005; McCarthy et al. 2001; Spetich et al. 1999). The 
high degree of spatial variability in the coarse wood carbon pool is demonstrated by 
estimates of coarse wood volume (substitute for biomass) in old-growth forests that 
range from 32 m3 ha−1 in Midwestern oak-hickory forests (Spetich et al. 1999) to 
53 m3 ha−1 in highly productive cove hardwood forests of Great Smoky Mountains 
National Park (Webster and Jenkins 2005).

Fig.  15.3  Generic pattern of dead wood biomass and carbon (C) accumulation following a 
regeneration harvest as a function of stand age
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15.2.4 � Forest Floor

The forest floor comprises the upper portions of the soil profile defined by the litter 
(Oi) and duff (Oe + Oa) layers as well as small (<7.5 cm in diameter) dead woody 
biomass (IPCC 2006). Although vital to ecosystem function and nutrient cycling 
(Vitousek and Sanford 1986), the forest floor constitutes a minor component of a for-
est stand’s overall carbon budget (Bolstad and Vose 2005; Li et al. 2007; Bradford 
et al. 2009). The distribution and abundance of the forest floor, as well as the response 
of this carbon pool to disturbance, is spatially and temporally variable (Wallace and 
Freedman 1986). Earlier models describing the response of the forest floor to distur-
bances suggested that as much as 50% of the forest floor mass is lost within the first 
20 years, with recovery to pre-disturbance levels not occurring until approximately 
50  years post-harvest (Covington 1981). Although this predicted pattern of forest 
floor mass and carbon loss and recovery has been observed elsewhere in eastern USA 
forests (Federer 1984; Mattson and Smith 1993; Griffiths and Swanson 2001), many 
studies in the Central Hardwood Region have documented long-term increases or no 
effect of disturbance on forest floor mass and, consequently, carbon storage, following 
regeneration harvests (Mattson and Swank 1989, Knoepp and Swank 1998, Johnson 
et al. 1991; Elliott and Knoepp 2005; Li et al. 2007). Increases in forest floor mass 
observed in forests across the Central Hardwood Region (Johnson et al. 1985; Mattson 
and Swank 1989; Johnson and Todd 1998, Knoepp and Swank 1998) following silvi-
cultural treatments are attributed to logging debris deposited on the forest floor during 
harvest operations, increased fine-root mortality and production, and changes in spe-
cies composition that may occur during stand development (Yin et  al. 1989a, b; 
Knoepp and Swank 1997; Idol et al. 2000; Jandl et al. 2007; Nave et al. 2010).

Clearly, post-disturbance dynamics of the forest floor are variable. However, 
following a regeneration harvest, and provided successful regeneration occurs, a 
general pattern in which forest floor mass and, consequently carbon stored in the forest 
floor pool, increases until equilibrium between litter input and decomposition is 
achieved during the later stages of stand development. The recovery of forest floor 
mass following a stand initiating disturbance is a function of the quantity and quality 
of litter, climatic controls on decomposition (Prescott et al. 2000), and the relative 
speed at which aboveground biomass and leaf area of a regenerated stand develop 
(Bradford et al. 2009). Inputs of forest floor material can approach pre-harvest levels 
within a few years of a regeneration treatment (Covington and Aber 1980; Boring 
et al. 1988; Boring and Swank 1986), but this timeframe varies with site productivity 
(Vose and Allen 1988; Shi and Cao 1997; Frazer et al. 2000; Jokela and Martin 2000). 
Across the Central Hardwood Region, forest floor mass and the corresponding 
carbon pool are highly variable due to differences in decomposition rates and/or 
species composition and associated litter quality. In productive upland forests of the 
Southern Appalachians, forest floor mass has been found to range from 22.2 Mg ha−1 
in 20 year old stands to 26.0 Mg ha−1 in an 85 year old stand to 26.7 Mg ha−1 in an 
old-growth stand (Vose and Bolstad 2007). In comparison, forest floor mass in less 
productive forest types is considerably less, ranging from only 13.1 Mg ha−1 in mature 
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oak-hickory forests of Illinois (Luvall and Weaver 1986) to 20.0 Mg ha−1 in mixed-oak 
forests in southeastern Ohio (Graham and McCarthy 2006).

Forest floor dynamics following traditional approaches to creating early succes-
sional habitats, such as clearcutting, depend on the immediate effects of the treatment 
on the forest floor layer. Forest floor mass can decrease a result of decreased litter 
inputs or increased decomposition; alternatively, forest floor material can increase or be 
buried or mixed with mineral soil as a result of harvest operations. If treatment results 
in an immediate decrease in forest floor mass (Covington 1981), mass and carbon stor-
age of the forest floor will decrease until, at some point in stand development, litter 
inputs exceed rates of decomposition. If, however, decomposition rates decrease or 
remain unchanged and the addition of logging debris offsets any short-term losses in 
litter inputs (until the point in stand development when litter input recovers to 
pre-disturbance levels), little to no change in forest floor mass or carbon storage capa
city of the forest floor relative to pre-disturbance conditions can be expected over the 
short- and long-term (Knoepp and Swank 1997; Hall et al. 2006; Boerner et al. 2008).

15.2.5 � Soil Organic Matter

Mineral soil carbon is commonly cited as the forest carbon pool that stores the greatest 
proportion of ecosystem carbon (e.g., Turner et al. 1995; Dixon et al. 1994). Although 
studies from mixed-hardwood forests in the Southern Appalachian region confirm 
this statement (e.g., Bolstad and Vose 2005), other forest types within the Central 
Hardwood Region store significantly more carbon in aboveground vegetation than in 
the mineral soil (Li et al. 2007). This suggests the capacity of the mineral soil to 
sequester carbon is spatially variable across physiographic regions. Accumulation 
of carbon in mineral soil depends on inputs from litterfall and fine root turnover, 
while release of carbon depends on mineral soil carbon quality (e.g., labile or stable 
condition) and edaphoclimatic conditions (Jandl et  al. 2007). Despite the spatial 
(e.g., Sun et al. 2004) and temporal (e.g., Knoepp and Swank 1997) variability in size 
and significance of the mineral soil carbon pool across the Central Hardwood Region, 
independent studies (Mattson and Swank 1989; Knoepp and Swank 1997; Johnson 
et al. 2002a; Gilliam et al. 2004; Li et al. 2007; Boerner et al. 2008) and large-scale 
meta-analyses (Johnson and Curtis 2001) suggest that with successful vegetative 
recovery and accumulation of aboveground biomass, the mineral soil carbon pool is 
stable relative to pre-treatment conditions under a wide variety of silvicultural treat-
ments, including regeneration treatments that create early successional habitats.

15.3 � Conclusions

At the forest- or landscape-level, carbon storage is maximized when all stands 
comprising a forest are in an old-growth state. This, however, rarely occurs as natu-
ral or silvicultural disturbances create and maintain a heterogeneous mix of stands 



28115  Carbon Dynamics Following the Creation of Early Successional Habitats in Forests…

of various age classes and stages of stand development on the landscape. On a 
stand-by-stand basis, silvicultural disturbances can have a negative, albeit, short-
term, impact on forest carbon storage relative to pre-disturbance levels, with the 
removal of aboveground biomass responsible for the greatest proportion of carbon 
lost. Forest management activities that may compensate for a proportion of the 
stand-level loss in carbon stocks include prescriptions that maintain partial canopy 
cover. Silvicultural methods that create early successional habitats while retaining 
structural heterogeneity in the post-harvest stand (e.g., Franklin 1989) may amelio-
rate some short-term losses in the aboveground carbon pool as well as alleviate 
some longer-term losses in the dead wood biomass pool that occur following 
clearcutting. Structural diversity can be increased by implementing a 2 aged silvi-
cultural system or shelterwood with reserves (Smith et al. 1997), in which species 
of wildlife value (e.g., oaks in the Central Hardwood Region; see Greenberg et al., 
Chap. 8) are left in the overstory at densities low enough to regenerate a new cohort. 
As the newly regenerated cohort develops, the residual overstory or reserve trees 
provide structural diversity and wildlife habitat, as well as a source of large-diameter 
coarse woody debris, as these trees senesce and die throughout the rotation.

Although regeneration harvests used to create early successional habitats can 
convert stands from a carbon sink to a carbon source in the short-term, with success-
ful vegetative recovery and adequate time (at least one full rotation) without 
disturbance(s), carbon storage will recover to pre-harvest levels. The timeframe for 
recovery of the various carbon pools will vary among forest types, edaphoclimatic 
conditions (Campbell et  al. 2004), and the proportion of aboveground biomass 
removed (e.g., clearcutting versus single-tree selection). The timeframe during 
which an individual stand remains a carbon source will depend upon the amount of 
time required for carbon sequestration rates in the aboveground biomass pool to 
surpass carbon lost (Fig. 15.1) via decomposition of belowground, dead wood, for-
est floor, and/or mineral soil carbon pools.

In a landscape as diverse as the Central Hardwood Region, stand-level responses 
to disturbance, including responses that affect carbon storage, vary within and 
among physiographic regions. In highly productive forests, the amount of time dur-
ing which a regenerated forest stand remains a net source of atmospheric carbon 
(i.e., negative net ecosystem productivity; Fig.15.1) may be minor due to the rapid 
accumulation of aboveground biomass and carbon (Davis et al. 2009). Less favor-
able edaphoclimatic conditions coupled with slower-growing species may result in 
a regenerated stand being a carbon source for a substantial period of time (Campbell 
et  al. 2004). Regenerating high quality sites, however, has the potential to store 
more of the removed merchantable carbon in long-term products compared to less 
productive forest stands where timber quality and merchantability are lower (e.g., 
Gonzalez-Benecke et al. 2010). Because harvested wood products can constitute a 
large and long-term carbon sink (Skog 2008), failure to recognize and account for 
the carbon stored in durable, long-lived products would ultimately underestimate 
total carbon storage following forest management activities and overestimate car-
bon flux to the atmosphere (Nunery and Keeton 2010). When carbon storage in 
products is taken into consideration, the difference in carbon storage achieved and 
often maximized under a no management alternative versus that obtained through 
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more active management is reduced (Johnsen et al. 2001; Seidl et al. 2007; Nunery 
and Keeton 2010).

When examining changes in carbon storage in relation to forest management, it 
is important to assess the carbon consequences of a single, stand-level management 
action at the landscape level (Harmon 2001). The effects of management on land-
scape-level carbon storage depend on the sum of stand-level changes in carbon 
stocks. Across a forested landscape, management actions that result in a short-term 
loss of carbon in any given stand are often offset by carbon gains in other, undis-
turbed stands (Harmon 2001; Ryan et al. 2010). The age-class distribution of forest 
stands has a particularly large effect on landscape-level carbon storage. Therefore, 
the impact of creating early successional habitats on forest- or landscape-level car-
bon storage will depend upon the temporal distribution and spatial scale of stands in 
young age classes on the landscape. A significant increase in the proportion of the 
forest or landscape in young age classes may negatively affect carbon storage in the 
short-term (e.g., Campbell et al. 2004; Depro et al. 2008). However, given stand-
level reductions in carbon storage are largely attributed to reductions in aboveg-
round biomass, upon successful regeneration and a period of re-growth equal to that 
of a full rotation length, stand-level carbon storage will approximate pre-disturbance 
levels. Although maximizing forest carbon is accomplished through eliminating 
disturbance or more passive management, the consequences of managing solely for 
carbon storage across a landscape may negatively impact other ecosystem services 
(e.g., Ryan et al. 2010), including creation and maintenance of wildlife habitat.
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Abstract  This chapter describes how forest type and age distributions might be 
expected to change in the Appalachian-Cumberland portions of the Central 
Hardwood Region over the next 50 years. Forecasting forest conditions requires 
accounting for a number of biophysical and socioeconomic dynamics within an 
internally consistent modeling framework. We used the US Forest Assessment 
System (USFAS) to simulate the evolution of forest inventories in the subregion. 
The types and ages of forests in the Appalachian-Cumberland portions of the Central 
Hardwood Region are likely to shift over the next 50 years. Two scenarios bracket a 
range of forest projections and provide insights into how wood products markets as 
well as economic, demographic, and climate changes could affect these future for-
ests. Shifts in the future age distributions of forests are dominated by projected 
harvest regimes that lead to qualitatively different forest conditions. The future area 
of young forests correlates with change in total forest area—as total forest area 
declines, so does the area of young forests. However, changes in the area of young 
forests and forest age class distributions are most directly altered by the extent of 
harvesting within the Appalachian-Cumberland subregion.
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16.1 � Introduction

Because forest conditions change over time, effective management guidelines 
address not only today’s conditions but also the future trajectories of forest condi-
tions. Future forests will be defined by a complex and interacting set of economic, 
biological and physical driving forces. We describe forecasts of how forest type and 
age distributions might change in the Appalachian-Cumberland subregion of the 
Central Hardwood Region over the next 50 years. We ‘look forward’ to provide a 
start for managing tomorrow’s forests today. Our analysis is based on forest fore-
casts developed as part of the Southern Forest Futures Project (Wear et al. 2009), a 
regional assessment of the Southern USA addressing several questions regarding 
the future of forests and the benefits they provide.

Forecasting forest conditions requires accounting for a number of biophysical 
and socioeconomic dynamics within an internally consistent modeling framework. 
Biophysical factors include the influence of climate on species persistence and 
disturbance patterns along with the demographics of forest aging and mortality. 
Socioeconomic forces include the influence of population and economic growth on 
land use choices and associated loss (or gain) of forest area; the effects of timber 
harvesting patterns driven by demand for wood products; and the relative value of 
forest stands for providing wood products. Timber supply derives from evolving 
forest conditions and preferences of forest landowners regarding management of 
their lands.

Understanding the interrelated complex of change vectors requires a computer 
simulation framework; we use the US Forest Assessment System (USFAS) to 
simulate evolution of forest inventories. Forecasts of future forest conditions 
require a set of assumptions about the future course of climate and economic con-
ditions, packaged as comprehensive scenarios. For our analysis, two scenarios 
bracket a range of forest age class and forest type projections, and provide insights 
into how wood products markets could influence availability and condition of 
early, mid and late successional forest habitats in the Appalachian-Cumberland 
subregion.

In the following sections of this chapter, we describe the structure of the 
USFAS and the information contained in its forecasts. We describe the structure 
of the two future scenarios and their derivation from international and national 
assessments. Forest forecasts are developed and discussed. We conclude with a 
discussion of implications as well as potential shortcomings and uncertainties 
inherent in our approach.

16.2 � Methods

Forecasting forest conditions requires an integrated assessment approach that 
accounts for biological, physical, demographic, and economic changes. We utilized 
the US Forest Assessment System or USFAS (Wear 2010) developed by the US 
Forest Service for various national and regional resource assessments. The USFAS 
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addresses forest dynamics using scenario analysis to gauge uncertainty inherent in 
world views and model outputs. The basic inputs to the modeling system include 
various climate, economic, and demographic projections (Fig. 16.1, column 1) that 
are inputs to what is labeled a “scenario server”. Most scenarios were constructed 
from a foundation defined by the International Panel on Climate Change (IPCC) 
storylines and scenarios. For the RPA national assessment1 these projections of 
coupled economic, population, and climate changes were downscaled to a fine-scale 
for the continental USA. Within the USFAS we consider these data aggregated to 
the county level.

For the analysis described in this chapter we consider two future scenarios, both 
of which have the same economic and demographic growth. In particular, we use 
the population and economic growth projections from the IPCC’s A1B storyline, 
which anticipates relatively high economic growth and a moderate level of popula-
tion growth in the USA (IPCC 2007). In contrast, climate and timber market forecasts 
vary between the two scenarios. One scenario, labeled High Market, anticipates 
strong growth in the demand for wood products and applies a projection of climate 

Fig. 16.1  Schematic of the US Forest Assessment System

1 The Forest and Rangeland Renewable Resources Planning Act (RPA) (P.L. 93–378, 88 Stat 475, 
as amended) was enacted in 1974. Section 3 of the Act requires the US Forest Service to provide 
a national renewable resource assessment to provide reliable information on the status and trends 
of the Nation’s renewable resources on a 10-year cycle.
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from the MIROC General Circulation Model (GCM)2. The other scenario, labeled 
Low Market, anticipates a steady decline in market demand and applies the 
CSIRO GCM. Change in demand is represented by exogenously imposed timber 
price trends.

The left column also contains the Forest Inventory and Analysis (FIA) Forest 
Inventory database (USDA Forest Service 2007), emphasizing that the USFAS 
simulates the development of detailed FIA inventories through time in response to 
these drivers. Current forest conditions are defined by the most recent panels of plot 
measurements in the FIA forest inventory and the condition of each plot is forecast 
forward based on the scenarios and a set of internal dynamics.

There are three simulation components of the USFAS (Fig. 16.1, middle column). 
At the top is the US Forest Products Model which links USA regional forest products 
markets to global market conditions and domestic timber supply conditions. Timber 
supply is provided by the Forest Dynamics Model which accounts for timber har-
vesting by public and private landowners and is described below. For the present 
simulation analysis we replaced the explicit market model with general price assump-
tions that imposed price trends that reflected expanding or contracting markets within 
the Appalachian-Cumberland subregion. This seems reasonable given the size of the 
market considered here and the nature of our analysis, which is to demonstrate a 
reasonable range of future trajectories. For the High Market scenario we increase 
timber prices at a compounded 1% per year rate throughout the 50 year forecast 
period. For the Low Market scenario, we decrease prices by a compounded 1% per 
year. This has the effect of altering harvest patterns as described below.

The Forest Dynamics Model simulated the evolution of all forested plots in the 
FIA inventory (Fig. 16.1, column 2). Modeled plot dynamics start with a harvest 
model that accounts for effects of price levels and forest conditions on propensity of 
forest owners to harvest their forests; separate models address harvesting by public 
and private forest ownerships (Polyakov et al. 2010). Harvesting allows for either 
partial or final harvesting, depending on economic and forest conditions, and is 
price responsive. That is, more timber is harvested when prices are higher. Plot age 
is incremented by the simulation time-step for unharvested plots, but is defined 
using historical patterns of age changes associated with forest plots that receive 
either a partial or final harvest in the FIA inventories. The broad forest management 
type of the site (upland hardwood, lowland hardwood, and three pine (Pinus spp.) 
types) is held constant for unharvested forest plots but allowed to change in response to 
harvesting. Forest planting after harvest is possible, but is tied to historical planting 

2 The emission outputs for various scenarios were used to initialize the atmospheric concentrations 
of GHG in numerous general circulation models (GCMs) to forecast the effects on climate vari-
ables. The RPA Assessment provides a downscaling of climate forecasts to the county level 
(Coulson et al. 2010) for three scenarios applied to three GCMs. In this analysis we apply the 
outputs from the MIROC GCM—the Model for Interdisciplinary Research on Climate from the 
Center for Climate System Research, University of Tokyo—and the CSIRO GCM—the Australian 
Commonwealth Scientific and Industrial Research Organization Mark 2 Global Climate Model.
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frequencies for various forest types. Because planting is rare in the Appalachian-
Cumberland subregion, post harvest planting has little influence on the forecasts.

Whole plot imputation, a resampling scheme, defines the future inventory (Wear 
2010). Using this approach, a historical plot with comparable climate, forest man-
agement type, age, and harvest characteristics is selected to represent conditions for 
each future plot condition forecasted by the model. When forest management type 
is held constant, this resampling allows for shifts in the constituent forest types over 
time. For example, if a site becomes hotter and drier over time, the forest type might 
shift from yellow-poplar (Liriodendron tulipifera) to oak-hickory (Quercus-Carya). 
Forest type transitions are driven largely by changes in climate condition, and 
become more prevalent in later years of the simulations. Given this statistical 
approach to constructing future inventories, individual plot forecasts are less infor-
mative than summaries of changes in the inventories over large aggregates of plots. 
Several components of the model, including transitions and imputation schemes are 
probabilistic defining a stochastic modeling system. We run the models 25 times 
and then select one run with the greatest central tendencies for this set as a represen-
tative inventory for subsequent display and analysis.

A third component is the All Land Use Model (Fig. 16.1 middle column). This 
component simulates effects of population and economic growth on the distribution 
of land uses in each county in the Appalachian-Cumberland subregion. It starts by 
predicting effects of population and income growth on the amount of urban or devel-
oped land uses in the county. It then predicts changes to rural land uses, including 
forest, crops, range, and pasture land uses, in response to urbanization, timber prices, 
and average crop returns within the county. For this analysis, timber prices differ 
between the two scenarios (High Market and Low Market) by assumption, and crop 
returns are assumed to remain constant over time. Population and income changes 
are comparable across the two scenarios and reflect the growth modeled for the RPA/
IPCC A1B storyline. Forecasts of land use changes at the county level are used to 
shrink or expand the “area expansion factor” proportionally for all plots within the 
county. These factors define the area represented by each plot in the inventory.

Outputs from the USFAS (Fig. 16.1, Column 3) include forecasts of complete 
inventories and detailed forest conditions that can be derived from inventory records, 
forecasts of land uses at the county level, and forecasts of forest removals deter-
mined by timber harvesting and land use changes. The modeling framework is sto-
chastic and is used to generate multiple realizations of future inventories and 
examine uncertainty inherent in the modeled elements of the system. For this analy-
sis, we focus on what we call the “representative inventory” which is the inventory 
simulation with the greatest central tendency defined as the minimum total percent-
age deviation from mean values for a vector of modeled variables (it is also possible 
to examine the variances associated with each forecasted variable by examining the 
full set of simulations). As described in Fig. 16.1, subsequent analysis of various 
ecosystem services and conditions can be supported by these forecasts; for example, 
our analysis of change in successional stage habitats.

For the present analysis of age class projections, we defined three age classes. 
The Early-Age class is defined as forests aged 0–20 years. Middle-Age class forests 
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are between 21 and 70 years old. And the Old-Age class forests are greater than 
70 years old. Other age breakdowns were possible, but we felt that the larger age 
bins (>15 years) provided the best accounting of broad trends in age class distribu-
tions. We summarized age class distributions of the various forest type groups using 
these age class breakdowns.

16.3 � Study Area and Data

The simulated study area was the Appalachian-Cumberland subregion evaluated in 
the Southern Forest Futures Project (Wear et al. 2009). This subregion (Fig. 16.2) 
reflected a broad variety of geophysical and ecological conditions represented by 
Blue Ridge, Northern and Southern Ridge and Valley, Cumberland Plateau and 
Mountain and Interior Low Plateau ecological sections (Fig. 16.1; also see McNab, 
Chap. 2), but was limited Virginia, Kentucky, Tennessee, North Carolina, Alabama 
and Georgia. Although the boundaries generally followed standard ecophysio-
graphic lines, their final definition was determined by a team of specialists working 
on various components of the project.

Our forecasts started with the most recent (2007–2009) forest inventories avail-
able for each state in the subregion. We link each to their immediate previous forest 
inventory to estimate the harvest /transition models for various ownership groups 
and forest types in each state (see Polyakov et al. 2010). Because of data limitations, 
the Tennessee harvest model was applied to Kentucky’s plots.

Simulations generate forecasts of forest conditions across a number of variables. 
In this analysis, we focused on forecasts of change in area of various forest type 
groupings and their age classes. We started by examining the five forest manage-
ment types used by FIA to aggregate forest types in the South: Naturally Regenerated 
Pine, Planted Pine, Mixed Pine-Hardwood, Upland Hardwood and Lowland 
Hardwood. The Appalachian-Cumberland subregion is dominated by the Upland 
Hardwood group (McNab, Chap. 2) and we focused most of our analysis on this 
broad group split out into four sub groups: Oak-Hickory, Yellow-Poplar, Maple-
Beech-Birch, and Other Hardwoods. These groups are aggregates of forest types 
defined by FIA using dominant and associated tree species assemblages. We started 
with the Forest Type Groups defined by FIA but then modified our groupings to 
match the setting. We used FIA’s definition of Oak-Hickory where generally all of 
these forest types have oak dominants (USDA Forest Service 2007). We separated 
types with Yellow-Poplar dominants from FIA’s Oak-Hickory group to define a 
separate Yellow-Poplar group. These are generally found on moist soils (McNab, 
Chap. 2). We used FIA’s definition of the Maple-Beech-Birch group which includes 
sugar maple (Acer saccharum), black cherry (Prunus serotina), hard maple, and red 
maple (A. rubrum) dominants. The Other Hardwoods group is dominated by FIA’s 
mixed upland hardwood type which includes a variety of species without a clear 
species dominance to place the plot in one of the other types. FIA notes that these 
types are generally on upland sites.
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16.4 � Results

Anticipated population and income growth drive urbanization in the Appalachian-
Cumberland subregion. In response, forest area in the subregion was projected to 
decline by 2.0 million acres under the High Market scenario and by 3.5 million 
acres under the Low Market scenario (Fig. 16.3). The loss was lower under the 
High Market scenario because higher prices shift rural land losses toward crops 
and pasture land rather than forests. Although not displayed here, the highest con-
centrations of forest losses were around Nashville Tennessee, the triangular area 
between Louisville, Lexington, and Cincinnati in Kentucky; and the area between 
Asheville, North Carolina and Knoxville, Tennessee. Little forest loss was projected 
for eastern Kentucky.

Among the five major forest management types in the South (Upland Hardwoods, 
Lowland Hardwoods, Natural Pine, Mixed Oak-Pine, and Planted Pine), Upland 
Hardwoods clearly dominated with 82% of total forest area (Fig. 16.4). Nearly all 
forest losses between 2010 and 2060 were also contained within this forest manage-
ment type and we accordingly limited our subsequent analysis to understanding the 
dynamics of change in Upland Hardwoods.

Fig. 16.3  Forecasts of forest area in the Appalachian-Cumberland subregion for High Market and 
Low Market scenarios, 2010–2060
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We defined four subgroups for the Upland Hardwood Forest Management  
group: Oak-Hickory, Yellow-Poplar, Maple-Beech-Birch, and Other Hardwoods 
(Fig. 16.5a). Under the Low Market scenario, the greatest change was in Upland 
Hardwood area (−10%); the Oak-Hickory type changed least, declining by 1% 
between 2010 and 2060 (Fig. 16.5b). Over the same period, the Maple-Beech-Birch 
group declined 9%, the Yellow-Poplar 24%, and Other Hardwoods 31%. The  
patterns of change were different for the High Market scenario where the area of 
Upland Hardwoods declined by 7% (Fig.  16.6) between 2010 and 2060. Under  
this scenario, the area of Oak-Hickory declined 5%, the area of Yellow-Poplar 
declined 12%, and the area of Other Hardwoods declined 17%. Under the High 
Market scenario, the area of Maple-Beech-Birch increased 8% between 2010 and 
2060.

Combining forest area and forest transition dynamics with forest aging and  
disturbances yielded forecasts of age class distributions of these forests. For the Low 
Market scenario, area of both Early (0–20 years) and Middle (21–70 years) forest  
age classes declined. Early-Age class forests declined by 38% from 2.3 to 1.4 million 
acres and Middle-Age class forests declined by 51% from 18 to 9 million acres. As a 
result, the area of Old-Age class forests (>71 years) increased substantially between 
2010 and 2060, from about 9 million acres to about 16 million acres (+76%) 
(Fig.16.7).

Fig.  16.4  Forecasts of forest area by broad management type for the Low Market scenario, 
2010–2060
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Fig. 16.5  Forecasts of forest area by forest type within the Upland Hardwood Forest Management 
group for the Low Market scenario, 2010–2060
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Fig. 16.6  Forecasts of forest area by forest type grouping within the Upland Hardwood Forest 
Management group for the High Market scenario, 2010–2060
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Under the High Market scenario, area of Early- and Middle-Age class forests 
declined, but at a lower rate (Fig. 16.8). Loss of Early-Age class forests was less 
than one half of that forecasted for the Low Market scenario (−371,000 versus 
−878,000 acres). Loss of Middle-Age class forests and gain in Old-Age class forests 
was also dampened with this scenario: Middle-Age class forest area declines by 
40% (versus 51% for the Low Market scenario) and Old-Age class forest area 
increases by 58% (versus 76%).

Forecasts of change in Early-Age class forests differed across forest types 
(Figs.  16.9 and 16.10). For the Low Market scenario, Other Hardwoods had the 
greatest loss in Early-Age forest area (−53%), decreasing substantially between  
2010 and 2020 and gradually thereafter. The Other Hardwoods group was largely 
coincident with Early-Ages and was less frequent for Older-Ages because its  
species composition is largely indeterminate until later in stand development. Loss 
of this type would be expected with less forest harvesting over time. After Other 
Hardwoods, Yellow-Poplar forest types were forecasted to lose the most Early-Age 
forests (−33%), followed by Maple-Beech-Birch (−28%), and Oak-Hickory forests 
(−16%).

These patterns of change were different for the High Market scenario (Fig. 16.10). 
Here Other Hardwoods were also more likely to lose area of Early-Age forest but 
the difference between 2010 and 2060 was much smaller (−27%). Under this sce-
nario, Oak-Hickory, Yellow-Poplar, and Maple-Beech-Birch forest types showed 
some oscillation in their Early-Age forest area but departed only slightly from their 
initial values between 2020 and 2060.

Fig. 16.7  Forecast of Early-, Mid-, and Old-Age class forests in the Appalachian-Cumberland 
subregion for the Low Market scenario, 2010–2060
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Fig. 16.8  Forecast of Early-, Mid-, and Old-Age class forests in the Appalachian-Cumberland sub-
region for the High Market scenario, 2010–2060

Fig. 16.9  Forecast of Early-Age class forests in the Appalachian-Cumberland subregion for vari-
ous upland hardwood forest types, 2010–2060, under the Low Market scenario
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16.5 � Discussion and Conclusions

Future forecasts highlighted how socioeconomic forces had a substantial influence 
on area and structure of forests in the Appalachian-Cumberland subregion of the 
Central Hardwood Region. These influences were expressed through forecasts of 
changes in land uses for the subregion, which were largely driven by forecasted 
increases in populations and incomes. Resulting urbanization drew down the area of 
rural land uses, primarily forests. For both High Market and Low Market scenarios, 
forest losses ranged between 2.1 and 3 million acres, or 7–10% of current forest 
area in the Appalachian-Cumberland subregion.

The area of individual forest types was differentially influenced by these changes 
in land uses coupled with changes in climate. In this subregion, temperatures 
increased throughout the projection period and the climate is somewhat drier, shift-
ing growing conditions in important ways. In both scenarios, the Other Hardwoods 
and Yellow-Poplar forest types lost the highest percentage of their forests. Oak-
Hickory, however, lost the lowest percentage of its area, even though it represents 
the largest share of forests within the subregion. This likely reflected both the loca-
tion of forecasted urbanization, which could differentially affect the areas of differ-
ent forest types, and the shift toward warmer and drier site conditions.

Fig. 16.10  Forecast of Early-Age class forests in the Appalachian-Cumberland subregion for 
various upland hardwood forest types, 2010–2060, under the High Market scenario
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Shifts in the age classes of forests were dominated by the projected harvest regimes. 
The High Market scenario produced a harvest rate (measured as annual hardwood 
removals) that was about 58% higher than the Low Market scenario by 2060 (Fig. 16.11). 
This leads to qualitatively different patterns of change for Early-Age forests. The Low 
Market scenario leads to a substantial (−38%) loss in Early-Age forests, which 
strongly favors Other Hardwoods and Yellow-Poplar forest types. The High Market 
scenario, in contrast, leads to a 16% loss in Early-Age forests over the projection period 
and favors Other Hardwoods. Changes in Early-Age forest area for all other forest 
types were forecasted to be minimal over time for the High Market scenario.

Clearly the area of Early-Age forests was scaled by the change in total forest 
area—as total forest area declined, so did the area of Early-Age forests. However, 
change in age class distributions of forest types was most directly altered by the 
extent of harvesting within the subregion. Although the forecasts were unambigu-
ous in showing a decline in Early-Age forest area, comparison of the two scenarios 
indicated that the area of Early-Age forests was highly variable across what could 
be considered a moderate range of plausible forest market conditions.

Although the scenarios considered in this analysis are viewed as plausible, in that 
they reflect seemingly realistic projections of population and income along with the 
best knowledge regarding future climate and potential forest product prices, they 
should be viewed as uncertain. We argue that comparisons between the scenarios 

Fig.  16.11  Total hardwood removals forecasts in the Appalachian-Cumberland subregion for 
High Market and Low Market scenarios
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are the most informative aspect of the analysis, as they highlight the relative 
importance of vectors of change. Clearly, the future is unknowable, but forecasting 
models such as the one used here allow for a deliberate and informative consider-
ation of the potential for critical changes in forest conditions.
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