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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

kgreenberg@fs.fed.us
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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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