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Abstract 
 

 The regeneration in oak-dominated stands following five silvicultural treatments 

was examined on four sites in the mountains of Virginia and West Virginia.  Treatments 

included: silvicultural clearcut, leave-tree, commercial clearcut, shelterwood, and group 

selection.  The effects of harvesting were compared among sites and among treatments.  

Oak regeneration dominance, measured by the relative density of dominant and 

codominant oak regeneration, was the most important variable calculated from the data.   

Oak regeneration dominance varied by site, but did not vary by silvicultural treatment; all 

treatments resulted in relatively low numbers.  Therefore, the silvicultural treatments 

used here were not enough to overcome the site specific limitations to successful oak 

regeneration. Oak species also seemed to be less important in the regenerating stands than 

in their parent stands.  The biggest losses in oak importance occurred on the intermediate 

and high quality sites; competitive oak regeneration was relatively scarce on two of the 

three sites with an oak site index (base age 50) of over 70 ft.  Multiple linear regression 

analysis was used to identify the factors controlling oak regeneration at a smaller scale.  

The most important variables were those that described the oak stump sprouting 

potential, the understory and overstory oak component in the pre-harvest stand, post-

harvest light and soil nitrogen levels.
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I. Introduction 

Justification 
 

The southern Appalachian forest is one of the most diverse ecosystems in the 

world (Stephenson et al. 1993). Because of its diversity and productivity, an increasing 

amount of pressure, both commodity and non-commodity driven, has been put on this 

forested region. Southern forests are producing more and more of the country's timber 

products. From 1952 to 1992, the total output of hardwood timber from the south 

increased 45% (Wear, 1996).  Non-consumptive uses of eastern forest, like recreation, 

have also greatly increased over the past decades (Overdevest and Cordell, 2001).  In 

order to balance these sometimes competing forces, the forestry community has had to 

develop alternatives to traditional practices like clearcutting.  The impacts of some of 

these newer silvicultural practices have not been well-documented in this region.  To 

combat this lack of knowledge, a joint research program was created in 1993 by the U.S. 

Forest Service; Southern Research Station and the Jefferson National Forest, Virginia 

Tech; College of Natural Resources, and the MeadWestvaco Corporation.   

The program, entitled “The Impacts of Silviculture on Biodiversity in the 

Southern Appalachians” (henceforth referred to as the Diversity Study), has focused on 

the long-term changes in plant and animal communities following the application of 

silvicultural harvests.  In this replicated study, seven research sites, located in southwest 

Virginia and eastern West Virginia, were harvested using a range of silvicultural 

prescriptions.  To date, graduate students have studied and reported on the impacts of 

these harvests on salamander and herbaceous species diversity (Harpole and Haas 1999, 
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Knapp 1999, Wender 1999, Hood 2001).  The current research examined the impacts on 

the regeneration of tree species, with a particular emphasis on oak species (Quercus spp.).   

Oak-dominated forests are the majority of the forest-land base in the eastern U.S 

and are important sources for timber and wildlife food production; deer populations are 

heavily dependant on acorn production (Wentworth et al., 1992).  In the mountains of 

Virginia, oak-dominated forests are 88% of the forest land base (Johnson 1992, 

Thompson 1992) and oak species are 40% of harvested sawtimber volumes (Johnson 

1992, Thompson 1992).  Mature oak stands are not only plentiful, but they also are 

valuable.  Recent sawtimber stumpage prices in western North Carolina include 

$278/MBF (Doyle) for red oaks (Quercus spp.), compared to $181/MBF for maple (Acer 

spp.), and $130/MBF for hickory (Carya spp.; Timber-Mart South, 2nd quarter, 2002).  

Despite the current dominance of oak in the eastern forest, there is a decrease in 

the percentage of oak in stands regenerated during the past several decades.  A well-

documented body of research has shown a continuing decrease of oak in developing 

stands following all manner of timber harvest and regeneration methods (Cook et al. 

1998).  The increase in harvesting in southeastern forests over the past several decades 

means that any changes in forest composition and structure due to harvesting will be 

magnified.  Given the high timber and non-timber values derived from oaks in eastern 

forests, managers have a strong incentive to maintain a large oak component in future 

stands.   

A large body of research exists regarding oak regeneration throughout its range, 

but there are still information gaps that this study hopes to remedy.  The Diversity Study 
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installed a range of silvicultural treatments, and replicated those treatments at as many as 

seven sites.  The scope and size of the experiment allows the results to be applied to a 

broad range of forestland in the southern Appalachians.  Few studies have attempted so 

comprehensive a design.  Many studies have either replicated one treatment and 

compared it to a control at many sites, or compared multiple treatments to a control at 

one site (see Hill and Dickmann 1988, Loftis 1990b, Young et al. 1992, Johnson et al. 

1998).  In the southern Appalachians, no other study has replicated as many silvicultural 

treatments at as many sites.   

Another problem in forestry literature is that the description of initial conditions 

of the forestland used in silvicultural research is many times inadequate.  The lack of a 

comprehensive assessment of pre-harvest overstory and understory conditions can 

potentially confound the interpretation of post-harvest, regeneration data.  In the 

Diversity Study, pre-harvest data was scrupulously collected at each site, and is used to 

help analyze the post-harvest results.  Lastly, the long-term nature of this project with 

large, permanent plots means that the same sites can be measured repeatedly.  Studying 

the same sites over time is a more scientifically sound way to study changes in an 

ecosystem, as opposed to the more commonly used chronosequence method.   

 

Objectives and hypotheses 

 The purpose of this research is to determine the effects of five silvicultural 

prescriptions on tree regeneration.  In particular, the success or failure of the treatments in 

regenerating oak is examined.  Four of the seven sites from the Diversity Study were 
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selected for this research because they all were harvested 4-5 years ago. The pre-harvest 

stand composition and structure are compared to the post-harvest species composition 

and dominance.  In addition, the microsite differences within a location that might control 

the regeneration of oak are discussed.  Specific objectives are: 

i) quantify the 4-year post-harvest regeneration community. 

ii) determine the effects of site and silvicultural treatment on tree 
regeneration in general, and more specifically, on oak regeneration. 

 
iii) determine the effects of the pre-harvest understory and overstory 

composition on regeneration 
 
iv) quantify the changes in light levels caused by the silvicultural treatments 

and its impact on hardwood regeneration. 
 
v) quantify site and treatment differences in soil nitrogen availability and soil 

moisture content. 
 

Specific hypotheses to be tested are: 

 1)  Oak species dominance will be greater on lower quality sites than on higher 
  quality sites. 
   
  H0,1: There will be no difference in oak regeneration dominance among  
  the sites. 
 
 2)  Oak regeneration abundance and dominance will be higher in treatments  
  that create intermediate light levels. 
 
  H0,2: There will be no differences in oak regeneration dominance among 
  the silvicultural treatments. 
 

3)  Soil moisture content will be greater on the high quality sites. 

 H0,3: There will be no differences in soil moisture content among the sites. 

4) Soil moisture levels will be greatest in the treatments with the least amount of 
residual overstory. 

 
 H0,4: There will be no differences in soil moisture content among the 
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 treatments. 
 
5) Soil nitrogen levels will increase as site quality increases. 

 
H0,5: There will be no differences in soil nitrogen among the sites. 
 

6)  Soil nitrogen levels among the treatments will be highest in the treatments 
with the least amount of residual overstory. 

 
 H0,6: There will be no differences in soil nitrogen among the treatments. 

 

 

II. Literature Review 

 

History of southern Appalachian forests 

 Forests in southern Appalachia have existed in their current, recognizable form 

since the glaciers retreated around 10,000 BP (Yarnell, 1998).  Naturally occurring fires, 

ignited by lightning, have always been a disturbance factor in this ecosystem. The oak-

hickory forest has adapted to and been shaped by fire for millennia.   Human habitation, 

beginning with Native American societies around 5,000 BP, has had a major impact on 

forest species composition (Yarnell, 1998).  The most pervasive tool that humans have 

used to shape this landscape was fire.  Fire served several purposes, including land 

clearing and stimulating vegetative growth to feed both themselves and game 

populations.  The habitual burning of forest understories by Native Americans 

continually favored those plant species that were fire tolerant.  As will be discussed more 

in-depth later in this chapter, oak species in particular are well-suited to a frequent fire 

regime. 
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European settlement of the Appalachian mountains brought accelerated land 

clearing and timber harvests (Yarnell, 1998).  Iron production facilities, which used 

charcoal-fired forges, were a major consumer of wood in the southern Appalachians 

beginning in the late 1700's (Yarnell, 1998).   Charcoal production for the iron industry 

preceded major commercial logging, which began in the 1880's. At this time, timber 

production shifted to the southeastern United States as merchantable timber in the 

Midwest and Lake States was depleted. Large tracts of virgin forests were owned by 

companies or individuals who lived outside the region, which encouraged the rapid 

increase in logging activities (Yarnell, 1998).   

The introduction and spread of the chestnut blight (Cryphonectria parasitica) 

throughout the east eliminated the American chestnut (Castanea dentata), a major 

overstory component of the southern Appalachian forest. Ironically, timber companies 

recognized early in the blight’s spread that chestnut was doomed and accelerated harvest 

of the species, further increasing the already unsustainable rates.  Oak dominance 

generally increased following death of chestnut trees.  Parker and Swank (1982) looked at 

a North Carolina watershed that had been clearcut in 1939.  Pre-harvest inventories 

included a sizeable component of American chestnut as well as oaks.  The post-harvest 

inventories revealed that the oak species had their greatest gains in dominance on the 

exact areas where the American chestnut had been.   

By 1908, 86% of acreage in the southern Appalachians was cleared or in young 

forest (Yarnell, 1998).  The dominant ecological forces at that time, frequent fires, death 

of the American chestnut, and intensive timber harvests, created open conditions that 
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were ideal for oak species. The result of these factors interacting produced the current 

oak-dominated forest of the southern Appalachians.    

In contrast to the forest environment at the turn of the 20th century, conditions in 

today’s forests are radically different.  Forest fires are no longer a major influence on 

forest succession.  Modern forest fire-suppression programs were begun in the early 

1920’s (Yarnell, 1998) in response to the dangerous wildfires created by large amounts of 

logging residue in recently cut forests.  The campaigns to control forest fires were very 

successful starting in the 1950’s, with some eastern National Forests and Parks reporting 

large decreases in fire frequency (Yarnell, 1998). 

The presence of fire was the major force shaping Appalachia for millennia, but it 

is the absence of fire that is in part controlling stand development today.  The exclusion 

of fire has allowed many fire-intolerant species to establish a foothold in forest 

understories.  In particular, maple species (Acer rubrum, A. saccharum, A. 

pennsylvanica) are increasing in dominance, particularly in the understories of mature 

stands. 

 

Ecophysiology of oak regeneration 

 The ability of oak to dominate the post-harvest regeneration depends, in part, on 

the amount of large oak regeneration immediately before harvest (Loftis 1983, Cook et 

al. 1998).  In general, the more tall oak stems the better. The goal then of forest managers 

who want to promote oak regeneration is to create understory conditions that favor the 

development of large advanced regeneration several years before a harvest.  Favorable 
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conditions are those which allow oak seedlings to grow but suppress the growth of 

competing stems.   

By first looking at the environmental conditions found under mature oak forests, 

the stresses that seedlings of all species experience can be quantified.  A review of oak 

biology and regeneration can then illustrate how oak species respond to these stresses, 

leading to explanations of why oaks aren't competing or surviving in understory 

conditions.   

 

Light and survival 

The typical eastern hardwood stand originated around 1900 following repeated 

partial cutting and fires.  Although these stands are maturing, mortality of overstory trees 

is low and the canopy is relatively unbroken.  The intact canopy of the younger stand 

allows only a small fraction of photosynthetically active radiation (PAR) to reach the 

forest floor.  In contrast, old-growth stands have numerous single or multiple-tree gaps 

(Grinter, 2002) which allows light to penetrate directly to the forest floor.  

The most limiting resource in the understory of a mature eastern hardwood stand 

is light.  The amount of light transmitted through an individual tree's canopy depends on 

the depth of its crown (Canham et al., 1994).  Shade tolerant tree species are able to keep 

lower branches, and thus a deeper crown, due to their lower light requirements.  Under 

shade tolerant trees, like sugar maple (Acer saccharum Marsh.), ambient light levels are 

typically around 1-2% of full sunlight.   Light levels under individuals of more medium 
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tolerant species, like northern red oak (Quercus rubra L.), reach up to 5% of full sunlight 

(Canham et al., 1994).   

Additionally in many stands, there is another layer of vegetation consisting of 

midstory and subcanopy trees anywhere from 5-15m tall (Lorimer et al., 1994).  This 

midstory is usually composed of shade tolerant tree species, which can maintain a 

considerable leaf area despite being in shady conditions.  The development of a tolerant 

midstory in eastern forests is thought to be a recent phenomenon caused by fire exclusion 

(Abrams and Nowacki 1992, Lorimer et al. 1994); the same species that make up the 

shade tolerant midstory are also the most sensitive to fire (Abrams and Nowacki 1992, 

Huddle and Pallardy 1996).  As a result, understory light levels in eastern hardwood 

forests rarely reach 5% of full light (Beckage 2000, Canham et al. 1994, Naidu and 

DeLucia 1996, Naumberg and Ellsworth 2002, Sung et al.1997).   

Oak seedlings under moderate to heavy shade will die and re-sprout from the root 

collar, possibly several times over their lives (Larsen and Johnson, 1998).  This is an 

aspect of oaks growth strategy which allows it to persist for several years under a closed 

canopy.  During this time period, the seedlings root mass will continue to grow, 

increasing the seedlings ability to put on rapid height should a disturbance occur.   

Even with a prolific sprouting ability, the long-term survival of oak seedlings is 

poor under an intact canopy, due to their intermediate shade tolerance (Burns and 

Honkala, 1990).  Crow (1992) found that while 92% of a cohort of northern red oak 

seedlings survived 6 years under full light conditions, 6-year survival under a full canopy 

was only 36%.  Beck (1970) followed understory northern red oak seedlings for six years 

 9



and reported a 38% survival rate.  In order to persist under shaded conditions, all tree 

seedlings must undergo morphological and physiological changes.  It is the degree to 

which a species can make these changes that determines its success in the understory.   

 

Photosynthetic properties 

 Hanson et al. (1986) found that in typical understory light levels, northern red 

oak seedlings were not able to maintain a positive carbon balance, which would lead to 

their eventual demise.   However, an examination of the photosynthetic capabilities of 

several species reveals that oaks are no different from their competitors and therefore 

most other species should share a similar fate.  

The most relevant photosynthetic measures for understory seedlings deal with 

their efficiency at low light, including the light compensation point (LCP), dark 

respiration rate(Rd), and quantum yield (Φ).  Oaks seem to be competitive when these 

variables are examined.   

The LCP for oak is similar to shade tolerant species. Loach (1967) found that for 

seedlings grown at 3% light, tulip poplar (Liriodendron tulipifera L.), northern red oak 

and American beech (Fagus grandifolia Ehrh.) had equal LCP values for all species.  

Groninger et al. (1996) and Naumberg and Ellsworth (2002) also reported that there was 

no difference in LCP between species with different shade tolerances.  Dark respiration 

rates for oaks in very low light were lower than red maple (Acer rubrum L.) and tulip 

poplar (Loach, 1967).  The Rd value for oak reported by Loach (1967) was also lower 

than published Rd values for red maple (Loach 1967, Naumberg and Ellsworth 2002).  
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This result indicates that oaks don't lose as much carbon to respiration at low light, 

therefore making it more competitive.  Quantum yield values for oaks are also equivalent 

to other species in low light situations (Loach 1967, Naidu and DeLucia 1996). 

All the photosynthesis research cited so far has used shade treatments or studied 

environments that are typical of understory settings (≤10% light).  Another group of 

research has looked at all of the same leaf and photosynthetic properties at intermediate 

light intensities, usually from 15-30% of full light. These light levels are typical of small 

gap environments, created by the death of a single or multiple overstory trees.  

Intermediate light intensities can also be created by a silvicultural manipulation of the 

midstory and understory, making the results of these studies relevant to forest managers 

who want to promote oak regeneration.  

Inter-specific trends in leaf physiology are the same at intermediate light 

intensities (15-30% ) as at low light intensities. Both (Pmax)  and LCP values of oaks are 

equal to or slightly greater than its tolerant competitors (Kloeppel et al. 1993, Kruger and 

Reich 1997, Kubiske and Pregitzer 1996, Loach 1967).  The LCP of both oaks and red 

maple grown in intermediate shade is 20-30µmol/m2-s (Kloeppel et al. 1993, Kubiske 

and Pregitzer 1996, McGraw et al. 1990).  Rd of northern red oak and red maple are the 

same under intermediate light (Kloeppel et al. 1993, Kubiske and Pregitzer 1996, 

McGraw et al. 1990).  It is noteworthy that the Rd of intolerant species like tulip poplar 

(Loach, 1967) and paper birch (Betula  papyrifera Marsh.) (Kubiske and Pregitzer, 1996) 

are significantly higher than oaks when grown at intermediate light levels.  The quantum 

yield of oaks and maples is the same under intermediate light conditions (Kubiske and 
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Pregitzer, 1996).  Examination of leaf-level photosynthetic variables does not offer any 

evidence regarding why oak seedlings don't persist in the understory. Water relations of 

oak species also seem to show that oaks should be competitive species in the understory. 

 Oaks relatively high rates of photosynthesis occur because of stomata that tend to 

stay open longer (Bahari et al. 1985, Barton and Gleeson 1996, Hinckley et al. 1978, 

Kloeppel et al. 1993), allowing more atmospheric CO2 to enter the plant.  All other 

factors being equal, a greater stomatal aperture would put a plant under water stress 

quicker.  However, oaks have other adaptations to compensate for increased transpiration.  

Adaptations include active osmotic adjustment (Bahari et al. 1985), a deep extensive root 

system (Pallardy and Rhoads 1993, Sung et al. 1998), and the ability to maintain leaf 

turgor under very negative leaf water potentials (Bahari et al., 1985).   

The inability to discriminate the intermediately tolerant oaks from their shade 

tolerant competitors using leaf-level photosynthetic measures is puzzling to researchers.  

Groninger et al. (1996) suggest that shade tolerance (therefore survival) might be more a 

function of the interaction of light, water and nutrient availability, not merely light alone.  

Barton and Gleeson (1996) conclude that leaf level photosynthetic attributes may be a 

poor predictor of whole-plant growth and survival.   

The perfect illustration of this conflict can be found in Barton and Gleeson 

(1996), who found that the photosynthetic parameters they measured indicated that oak 

seedlings should be more successful than red maple.  However, their study sites had an 

abundance of tall, sapling sized red maple stems but only seedling sized red oak stems, 
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indicating that the former conclusion is not the case.  It is at the growth and allocation 

level that eastern oak species seem to be at a competitive disadvantage. 

 

Growth response  

 The overall growth of most tree species is reduced in the low light environment 

found underneath a mature tree canopy (Finzi and Canham 2000, Groninger et al. 1996, 

McCarthy and Dawson 1990, Pacala et al. 1996, Sung et al. 1998).  Even at intermediate 

light levels, oak seedling biomass is significantly less than that of comparable, open-

grown seedlings (Farmer 1975, McCarthy and Dawson 1990, Phares 1971).  The growth 

of competing species is also limited in low to intermediate light.  Groninger et al. (1996) 

found 2-year biomass reductions of approximately50% in both red maple and tulip poplar 

when grown at 11% and 21% of full sunlight.        

The ratio of biomass that is allocated to a seedling's roots and shoot is an indicator 

of a species' growth strategy. Under low light situations, most tree species will allocate 

more of their growth towards the stem and leaves; the structures that can capture more of 

the limiting resource (Canham et al. 1996, Crow 1992, Groninger et al. 1996, Kolb and 

Steiner 1990, Loach 1970, Phares 1971).  The difference between oaks and their 

competitors is that oaks are less able to change their initial growth response, which tends 

to favor root allocation (Fig.1). 

Kolb and Steiner (1990) found that across a range of light and competition 

treatments, tulip poplar seedlings maintained a lower root:shoot ratio than northern red 

oak (2.2 vs. 1.4).  Pallardy and Rhoads (1993) found that under both shaded and drought 
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conditions, sugar maple had a lower root:shoot ratio than northern red oak.  Canham et al. 

(1996) compared the root:shoot ratios of understory red maple and northern red oak 

seedlings under different light, water and nutrient regimes. They found that red maple 

seedlings favored root growth when soil resources were low, and favored shoot growth 

when soil resources were high.  In contrast, the oak seedlings had equal root growth in all 

situations. Northern red oak's strategy of high root allocation even when soil resources 

are high is indicative of its conservative growth pattern and a possible cause of poor 

representation in post-disturbance stands.   

Height is the ultimate predictor of seedling success in understory situations.  In order for 

a stem to become dominant after a disturbance, it must grow taller than its competitors.  

Oak regeneration does not compete well when faced with high densities of shade-tolerant 

seedlings in the understory.  Oak's poor response to the understory and gap environments 

is not because of a lesser ability to capture and convert light to carbohydrates, but rather 

the seedlings carbohydrate allocation. Oaks develop a root system to collect soil 

resources that are needed to fuel their high gas exchange rates.  Competing species risk 

drought and put their energy into growing tall.  The latter strategy compounds the 

difficulties of an understory existence for oaks.  The taller seedlings of competing species 

are intercepting more light than before and are now creating an extra layer of shade on 

the smaller oaks.  Light under this additional layer of vegetation is too low for oaks 

seedlings to grow, and most eventually die. 
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Figure 1.  Illustration of understory seedling growth pattern of red maple (Acer 
rubrum) and northern red oak (Quercus rubra).  Northern red oak favors root 
growth while red maple favors shoot growth.  Both seedlings are approximately 4 
months old. 
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The mechanisms of the oak regeneration and how to enhance their populations 

through silvicultural manipulations are what oak researchers have focused on in the past 

several decades.  What follows is a review of research on silviculture and oak 

regeneration, and the processes that control oak regeneration.   

 

Ecology and silviculture of eastern oaks 

Sources of regeneration-advanced regeneration 

 Advanced regeneration is defined as seedlings that are present in a stand prior to 

harvest.  The pool of oak seedlings on the forest floor will vary in size depending on the 

periodicity of local acorn crops.  Without a stand level disturbance or harvest this cohort 

of oak seedlings will eventually dwindle (Crow 1992, Larsen and Johnson 1998). 

However, as oak species produce a substantial crop of acorns every 3 to 7 years (Burns 

and Honkala, 1990), oak seedlings are often plentiful underneath mature oak canopies. 

This phenomenon would seem to favor continuous oak recruitment into the overstory.  In 

a review of data from other studies in the southern Appalachians, Cook et al. (1998) 

commented that "rarely is there a regeneration limitation due to insufficient oak advance 

regeneration..." McGee and Hooper (1975) reported 2500 stems per acre of northern red 

oak (Quercus rubra) regeneration in the understory of a mature oak stand.  Loftis (1983) 

reported oak regeneration densities ranging from 2800 to 9000 stems per acre of oak 

(Quercus rubra) regeneration in the understories of three mature oak stands.  Beck and 

Hooper (1986) reported over 5000 oak seedlings/acre on a high-quality site in North 

Carolina.   
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 While seedling numbers are often high, it is the vigor of the regeneration and its 

ability to compete if released that is a limiting factor.  Under a mature northern red oak 

(Quercus rubra) stand in Wisconsin, Martin and Hix (1988) found oak advance 

regeneration to be abundant but much shorter than that of other species. Also in 

Wisconsin, Johnson et al (1989) found this same pattern:  oak advance regeneration in 

sufficient numbers, but at significantly smaller than regeneration of other species.  Due to 

their subordinate position, small oak seedlings do not have a chance of reaching the 

overstory following a disturbance.   There is a positive correlation between the post-

harvest dominance of oak species and the number of “tall”, advanced oak seedlings.  The 

definition of a “tall” seedling varied from 1ft. (Loftis, 1983) to 4.5ft. (Sander, 1971).  

Loftis (1983) found that only in stands with a larger component of "tall" (>1ft.) 

oak seedlings did oak make up a significant proportion of the stand 17 years after a 

shelterwood harvest.  In one such stand, there were 1000 “tall” oak stems per acre, and 

oaks made up 27% of dominant and codominant stems post-harvest.  In another stand, 

there were only 60 “tall” oak stems per acre, and oaks were only 1% of dominant and 

codominant stems post-harvest.  Sander et al. (1976) recommended that 435 oak 

stems/acre greater than 4.5 ft. tall are required to regenerate oaks successfully in the 

Missouri Ozarks.  In many stands however, a large population of tall oak seedlings does 

not exist at the time of harvesting.  In these situations, the other main source of 

regeneration, stump sprouts, must make up a significant portion of the post-harvest stand 

if oak is to be regenerated successfully. 
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Large oak advanced regeneration historically developed in stands subject to 

repeated low intensity fires (Abrams et al., 1995).  These fires killed the less fire-tolerant 

competitors of oak such as red maple and tulip poplar.  The more fire-tolerant oaks re-

sprouted, and grew more rapidly because of their larger root systems.  This created a 

more vigorous cohort of oak stems. Low and high-intensity fires have been shown to 

increase oak density and stocking, decrease competitor density and stocking and increase 

root/shoot ratios of oak seedlings in a shelterwood stand in Virginia (Barnes and Van 

Lear 1998, Brose and Van Lear 1999).  In the absence of fire, regeneration harvests must 

perform the functions of fire, both stimulating the growth of oaks, and releasing them 

from fast-growing competitors.  Even if there is a disturbance, the oak seedlings are not 

guaranteed a dominant position in the developing stand.  In a study that followed the fate 

of oak regeneration in a Wisconsin stand, none of the 4,500 stems/ac measured at the 

inception of the study survived 25 years despite several shelterwood cuts to release the 

understory (Martin and Hix 1988).   

 

Sources of  regeneration-stump sprouts     

A major source of oak regeneration in the southern Appalachians is the sprouting 

of cut stumps (Cook et al., 1998).  Because of the high sprouting potential of the southern 

Appalachian oak species and the lack of large advanced oak regeneration, stump sprouts 

can be the most important source of oak regeneration  (Cook et al. 1998, Martin and 

Tritton 1991).  Oak stump sprouts grow faster than oak seedlings  due to the large root 

mass supporting the growing stems (McQuilkin 1975, Kays et al 1985).  Stump sprouts 
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are therefore more likely to become part of the next overstory following a harvest. Beck 

and Hooper (1986) found that in a 20 year-old clearcut, 75% of the remaining northern 

red oak stems were of stump sprout origin.  Cook et al. (1998) found that in young 

clearcuts, oak stump sprouts grew just as fast as competing vegetation while oak advance 

regeneration fell behind.   

Oak species are known to sprout vigorously and consistently after harvest (Ross et 

al 1986, Kays et al. 1985, Cook et al 1998).   A region-wide average of oak stumps 

sprouting after harvest is 75%, significantly higher than sprouting percentages from 

Midwestern research (Cook et al 1998).  The general trend of sprouting is a decrease as 

the parent tree ages and/or increases in size (Kays et al 1985, Weigel and Johnson 

1998a).  Within the oak genus, individual species respond differently.  White oak 

(Quercus alba L.) sprouting decreases the most with age and size while chestnut oak 

(Quercus prinus L.) has been shown to sprout copiously regardless of age (Kays et al 

1985, Lynch and Bassett 1987, Weigel and Johnson 1998a).  The relationship between 

site index and sprouting is not as clear.   Ross et al. (1986), working in the southern 

Appalachians, found an inverse relationship between oak stump sprouting percentages 

and site index; on a poor quality site 70% of oak stumps produced a sprout while only 

53% of oak stumps sprouted on a good quality site.  However, other studies have found a 

positive relationship between sprouting and site index.  Working in the Midwest and 

upper Midwest, Weigel and Johnson (1998a) and Johnson (1977) found that oak 

sprouting percentages increased as site index increased.  In this same region, Lynch and 
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Bassett (1987) found that northern red oak stump sprouting was not related to site index 

but white oak’s sprouting had a weak, inverse relationship with site index.   

 

Oak regeneration and site quality 

 Oak is more difficult to perpetuate on high quality sites than on low quality sites.  

Several biological factors are interacting to compound the problem of achieving good oak 

regeneration on better quality sites.  First, the overstory on better quality sites tends to 

have a smaller component of oak than the lower quality sites (Loftis 1989).  This leads to 

an initial disadvantage to producing competitive oak regeneration, especially since stump 

sprouts can represent a major part of the oak regeneration pool.  Second, higher quality 

sites produce larger trees than low quality sites.  As previously mentioned, the chance of 

oak stumps sprouting decreases with increasing tree diameter.  So not only are there less 

oak trees to provide sprouts, but also the trees that are there are less likely to sprout.  

Third, higher quality sites support a larger community of fast-growing, pioneer tree 

species.   Species like black cherry (Prunus serotina Ehrh.) and tulip poplar grow faster 

than oak on higher quality sites (Carmean et al., 1989).  When a high-quality site is 

harvested, the seedlings of these species can quickly outgrow oak stems and dominate the 

new stand.  Conversely, oaks tend to dominate stands developing after harvest on lower 

quality sites, particularly droughty ones.  Oaks are better adapted to these sites and when 

a harvest occurs on this type of site, oak regeneration is in the best position to capture the 

newly freed growing space.  Indeed, oaks may be the only advance regeneration on xeric 

sites.  The critical site index (base age 50; SI50) for successfully regenerating oak is not 
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defined, but seems to be around 65ft.  Above this threshold, oaks often fail to regenerate 

after harvests (Loftis 1983, Beck and Hooper 1986, Minckler 1989, Loftis 1989, Miller 

and Schuler 1995). Additional support for this threshold is found in the comparative site 

index curves created by Carmean et al. (1989), which show that curves for tulip poplar 

and “other oaks” cross at an oak SI50 of 67ft.  This indicates that if oak regeneration is 

present on sites below this threshold, it can maintain a competitive growth rate with the 

competing species. The growth of tulip poplar is greater than oaks on sites above this site 

index. The goal of silvicultural research is to determine what treatments effectively 

regenerate oak. 

 

Silvicultural systems: Clearcutting 

The clearcut regeneration system is an even-aged system in which all stems above 

a certain diameter (usually 2 inches DBH) are cut.   The title of clearcut is often bestowed 

upon timber harvests that are actually partial cuts or high-grades.  These are typically 

harvests in which all merchantable material is cut and unmerchantable is left standing.   

For the purposes of this discussion, “clearcut” will be used to represent the silvicultural 

practice described above.  The term “commercial clearcut,” which will be described later, 

will be used to represent the more commercial-based timber harvest. 

Clearcutting allows full sunlight to reach the forest floor.  Oak stems can 

capitalize on these new resources, but can also be out competed by other, fast-growing 

species.  Several factors, including site quality, such as the amount and size of oak 
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regeneration, stump sprouting rates, and the community of competing species, determine 

how successfully oak regenerates after clearcutting.   

Oak regeneration following clearcutting is better on poor sites than it is on good 

sites.  Ward and Heiligmann (1990) inventoried at 18-20 year-old clearcuts in Ohio and 

found that oak-hickory species were 58% of crop trees on medium quality sites (oak 

SI50=60-75ft.),  but only 19% on good quality sites.  Loftis (1989) examined clearcut 

regeneration in North Carolina 10 years post-harvest.  On seven high quality sites (oak 

SI50=80ft.+), oaks were only 11% of the most dominant stems.  On two medium quality 

sites (oak SI50=70ft.), oaks averaged 27% of the dominant stems.  Leopold and Parker 

(1985) found that while oaks dominated the regeneration on a 13 year-old, poor quality 

xeric site, cove hardwood species, especially tulip poplar, dominated the higher quality, 

mesic sites. Beck and Hooper (1986) looked at a clearcut on an excellent site (oak 

SI50=85ft.) in North Carolina, where oak was 50% of pre-harvest sawtimber.  Twenty 

years after the clearcut, oaks were only 6% of free-to-grow (FTG) stems, while poplar 

and red maple combined were approximately 50% of FTG stems.  In 5-17 year-old 

clearcuts in Indiana, George and Fischer (1991) found more oaks on south facing, upper 

slopes than on any other topographic position.  In ten year-old clearcuts, Myers and 

Buchman (1988) found five times as many codominant oak stems on poor quality, xeric 

sites than on good quality, mesic sites.  In seven year-old clearcuts, Cook and others 

(1998) reported that oaks made up 3% of stems (>1.4m tall) on good sites and 36% of 

stems on poor sites.  Hilt (1985) found that oaks made up only 15% of total basal area on 

a good quality site 15 years after clearcutting.  Ward and Heiligmann (1990) cite poor 
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survivorship as the reason for low oak density on good sites.  Beck and Hooper (1986) 

found northern red oak to also have a slower growth rate than the other main competitors, 

including tulip poplar and red maple, in younger clearcuts.  They cite this slower growth 

rate as the reason for low oak representation in high quality southern Appalachian 

clearcuts.   

Following clearcutting, oak species will remain a large component of the 

regenerating stand only on lower quality sites.  The problem is not the complete lack of 

all oak regeneration, it is the paucity of competitive oak stems.  Loftis (1989) lists the pre-

harvest and 10-year post-clearcut composition of 7 stands on high quality sites (oak 

SI50=80-90ft.) in the mountains of North Carolina.  Comparing pre-harvest basal area to 

post-harvest dominant stem composition, all 7 sites lost 55-85% of their oak component 

following clearcutting.  Elliot and others (1997) looked at the 19-year regeneration after 

clearcutting an entire watershed in western North Carolina.  On the two highest-quality 

types of sites, cove-hardwood and mixed oak-hardwood, oak basal area declined an 

average of 80% from pre-harvest levels as a result of clearcutting.  As the growth rate of 

competing species, including tulip poplar, is greater than oaks at this SI50, it is not 

expected that the stands in either study will have a large oak component.  Elliot and other 

(1997) also found that on the xeric, lower quality hardwood-pine forest type oaks basal 

area decreased the least (33%), and will remain a large component of the stand.   On the 

higher quality sites, the species that most commonly replace oak after clearcutting are 

tulip poplar, black locust (Robinia pseudoacacia), and red maple (Beck and Hooper 

1986, Loftis 1989, Elliot et al. 1997).    
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The decrease in oak importance on medium to high quality sites is also well-

documented outside the Appalachians, too.  Hill and Dickmann (1988) looked at oak 

regeneration on a 14 year-old, medium quality site in Michigan.  The pre-harvest basal 

area of their stand was 66% oak, but only 29% of regeneration stems were oak.  

Additionally, 2/3 of all the oak stems were in the smaller size classes, indicating they 

were being out competed.  Heiligmann et al. (1985) studied a medium quality, 28 year-

old clearcut in Ohio (oak SI50 approximately 65ft.).  They found that while the pre-

harvest stand was approximately 70% oak, only 12% of crop trees were oak in the 

regenerating stand.  Red maple, a very small component of the previous stand, was 60% 

of the crop trees at 28 years post-harvest. On medium quality sites, red maple, and 

sometimes tulip poplar, is the species that most commonly replace oak (Parker and 

Swank 1982, Elliot et al. 1997).   

Oaks can dominate the regeneration on poor sites.  Several studies found large 

amounts of oak regeneration following clearcutting on poor quality sites.  Hilt (1985) 

found that oaks increase in importance after clearcutting on poor sites; fifteen years after 

a clearcut, oaks made up 60% of total basal area.  Leopold and Parker (1985) found that 

on poor sites, chestnut oak, dominated the regeneration 13 years after a clearcut. 

 

Silvicultural systems: Shelterwood 

 The shelterwood system is designed to foster tree regeneration under a partial 

canopy of overstory trees, typically around 40-90ft2/ac of residual basal area (RBA).  

Once the regeneration is established (usually several years later), the residual overstory is 

 24



removed (Smith et al., 1996).  Shelterwood systems tend to favor regeneration of species 

with an intermediate shade tolerance.  In the southern Appalachian ecosystem, the 

shelterwood system has been proposed as an effective method of regenerating oaks on 

better quality sites.  In theory, the residual basal area of the shelterwood creates 

intermediate light levels that would favor oaks. This has a sound theoretical basis; oaks 

are intermediately tolerant of shade whereas many competing species are shade intolerant 

(Burns and Honkala, 1990).  The partial shade of the shelterwood canopy should then 

favor the eventual dominance of oak over these competing species.   

 Studies that looked at the growth of planted oak seedlings under a shelterwood 

canopy show favorable results.  Research involving planted oak seedlings can help clarify 

the underlying biological response of oak seedlings to a shelterwood system; the response 

of vigorous, planted seedlings indicate whether or not it’s even possible for less vigorous, 

natural seedlings to survive in the same situation.  Studies of oak seedlings planted in 

shelterwood and uncut forests have found greater survival rates (Loftis 1990b, Lorimer 

1994, Schuler and Miller 1995) and better growth (Loftis 1990b, Lorimer 1994, Dey and 

Parker 1997) under shelterwood stands.  

 However, studies that looked at natural oak seedlings have not shown as 

encouraging results.  Shelterwood systems have met with only limited success as a means 

of regenerating oak. Oak species often decline in importance following shelterwood 

harvests on good quality sites.  Shelterwood systems have met with better success on 

medium to poor quality sites.  Schlesinger et al. (1993) examined 10 years of 

regeneration after two shelterwood harvests in Missouri.  The poor quality site (oak 
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SI50=60ft.) was dominated by oak while their better quality site (oak SI50=75ft.) was 

dominated by a mix of species, including oak.  Heiligmann and Ward (1993) looked at 20 

year-old regeneration in formerly oak-dominated stands with a residual stocking of 55-

70%.  On medium quality sites, oaks were 40-60% of new, dominant trees, while on the 

good quality sites (oak SI50>75ft.), oaks were only 0-15% of new, dominant trees.  Loftis 

(1983) examined regeneration under a shelterwood system on 2 oak-dominated, good 

quality sites (oak SI50=72-74ft.) in North Carolina.  A residual overstory of 66ft2/acre of 

basal area was left for 13-17 years at the two sites. After 17 years, oak was only 1 and 6% 

of dominant and codominant stems while tulip poplar was 46 and 35% of that same 

category.  Johnson and others (1989) successfully regenerated oak using the shelterwood 

system on two oak-dominated stands in Wisconsin on medium quality sites (oak SI50=60-

70ft).  In the first stand, the shelterwood treatment consisted of a series of preparatory 

cuts removing portions of the understory over 20 years.  In the second stand, one 

preparatory cut was conducted 8 years before final overstory removal, followed by an oak 

crop-tree release 15 years after the final overstory removal.  Both stands had over 100 

dominant oak stems/acre, 11 and 17 years after the final harvest.  As most of the 

competition was non-commercial species, the authors state that oak will eventually 

dominate both stands.  Martin and Hix (1988) looked at the results of a shelterwood 

harvest in a medium quality, northern red oak stand in Wisconsin.  Two preparatory cut 

were performed 14 and 9 years prior to final removal of the overstory.  Thirteen years 

after the final harvest, oak stems are some of the tallest, but relatively scarce, comprising 

only 4% of all stems.  The authors conclude that oak will dominate only a portion of the 
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stand.  Most of the above authors conclude that a simple overstory treatment alone may 

not be sufficient to successfully regenerate northern red oak.   

Shelterwood research has also combined overstory with understory treatments in 

an effort to increase oak regeneration success.  Many stands have a dense midstory of 

shade tolerant species such as blackgum (Nyssa sylvatica Marsh.), maple and dogwood 

(Cornus florida L.). Under this stand condition, partial overstory removal in a 

shelterwood system increases light levels that may stimulate growth of this shade tolerant 

midstory and further suppress oak regeneration.  Treatment of the midstory removes the 

competing seedlings and saplings, and therefore also increases light levels at the forest 

floor that may enable large advanced oak regeneration to develop.   

Graney (1999), and Schuler and Miller (1995) combined partial overstory 

removal with understory herbicide application in stands with little or large, advanced oak 

regeneration. While these studies did not always succeed in establishing a large quantity 

of competitive oaks, they did show that the combination of understory and overstory 

treatments created a component of larger oak stems that did not previously exist. These 

newly-created, larger oak seedlings will be more competitive in a post-harvest 

environment (Loftis 1990b, Graney 1999, Schuler and Miller 1995).   Graney (1999) 

found, 9 years post-treatment, that there were approximately 130 stems/acre of oak in the 

tallest regeneration class, which was only 5% of stems in this category.  Schuler and 

Miller (1995) found that 5 years after a combined treatment, there were  approximately 

400 “big seedlings” of oak in the understory.  Again, oaks were only a small percentage 

of total stems in this category.  While the oak stems were still outnumbered, sometimes 
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20 to 1, by large stems from competing species, there was at least some oak regeneration 

that had the potential to be dominant if released. Graney (1999) concluded that the cohort 

of larger oak stems would most likely need an additional release once the final harvest 

was completed.   

Unfortunately, removal of the midstory and understory does not always ensure the 

creation of even a small component of oaks.  Hilt et al. (1989), on a good quality, oak-

dominated site, looked at the results of combining a thinning from below (60% residual 

stocking) with herbicide application of cut stumps.  After 22 years, the treated areas had 

no more large oak regeneration than did the control areas.  Additionally, the average size 

of the oak regeneration on the treated areas was smaller than in the control areas, 

indicating a lesser competitive status.  Sander (1987) combined several levels of thinning 

with understory herbicides on several sites in Missouri. On both good and medium 

quality sites, this process did not consistently create a component of large oak stems.  In 

these cases, the shelterwood treatment did nothing to help oak regeneration. 

Shelterwood cuts that remove too much of the overstory may favor intolerant 

species over oak while removal of too little may favor more tolerant species.  Literature 

tneds to suggest that a minimum of 60% residual stocking is required to keep oaks 

competitive. Loftis (1990b) looked at several levels of residual overstory, from no 

reduction down to 60% stocking, and found that tulip poplar became established only at 

the 60% residual level.  Graney (1999) found that a residual stocking of 60% kept oak 

regeneration more competitive than a 40% stocking level.  Loftis (1983) left a 

shelterwood overstory BA of 66ft2/ac for 17 years, and tulip poplar still dominated the 
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treatments.  Dawson et al. (1989) created a sizeable amount of competitive oak 

regeneration on medium quality sites by leaving 70-90% residual stocking.  Schlesinger 

et al. (1993), found that on a good quality site in Missouri, there was no difference in oak 

dominance between residual stocking treatments of 40,50 and 60%.  But, the authors 

stated that when combined with an understory treatment, the 60% level gave the best 

results.  On the poor quality site, the best results were obtained when the overstory was 

reduced to 40% stocking. The latter result may be valid on lower quality sites in the 

southern Appalachians.  All of these authors suggested that the residual basal area be 

increased on higher quality sites, in order to keep competitive species in check.  A 40% 

stocking level can create some larger oak regeneration, but these positive effects were 

overwhelmed by the increased competition that a 40% level fosters (Sander 1987, Graney 

1999).   

The source of the oak regeneration in the shelterwood system is typically 

predominantly seedlings.  Most shelterwood harvests selectively leave oak trees Johnson 

et al. (1989) found that in their 2 shelterwood stands, only 7 and 17% of oak stems 

originated as stump sprouts.   

Overall, on medium to poor quality sites, the shelterwood system can produce a 

sizeable component of competitive oak regeneration.  On good quality sites, the 

shelterwood system can produce a small amount of competitive oak regeneration, but 

only after several steps are taken: overstory reduction (possibly more than once), 

understory competition removal, and post-harvest release(s) of largest oak stems.  
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However, no study in the southern Appalachians found that a shelterwood system can 

maintain an oak component comparable to pre-harvest levels. 

 

Silvicultural systems: leave-tree 

The leave-tree system, also called a reserve or deferment cut, is used to create a 

two-aged stand.  The residual overstory, typically 15-20 dominant trees per acre (20-30 

ft2/acre of basal area) is left for seed production during the next rotation.  The intention of 

this system is to create conditions suitable for the regeneration of shade intolerant 

species, to create a more structurally diverse stand and to provide a more aesthetically 

pleasing alternative to clearcutting (Miller and Schuler, 1995).  The low amount of 

residual overstory creates very open conditions for the developing stand, similar to a 

clearcut.  As a consequence of the sparse canopy, the regeneration in the leave-tree 

system is usually similar to that in the clearcutting system (Miller and Schuler, 1995).  

Young and others (1992), compared the five-year regeneration following leave-tree cuts 

of differing residual levels.  They found no difference in regeneration composition 

between stands with residual basal areas ranging from 0-35 ft2/ac.   

Shade-intolerant species tend to do well in leave-tree systems. On high quality 

sites, tulip poplar, black cherry and black birch (Betula lenta L.) will increase in 

dominance (Miller and Schuler 1995, Smith et al. 1976).  Shade-tolerant species, like 

sugar maple and American beech, can also assume a more dominant role when they are 

present in the understory of mature forests prior to harvest (Miller and Schuler, 1995).   
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Like clearcutting, the leave-tree system will likely cause a decrease in the oak 

component in the resulting stand on medium to high-quality sites. Hill and Dickmann 

(1988) found that 14 years after a harvest leaving 20-35ft2/ac of residual basal area on a 

medium quality site, oaks were only 22% of stems, were mostly overtopped, and were in 

the smallest DBH classes.  In comparison, the pre-harvest overstory on was 77% oak.   

Smith et al. (1976), working in West Virginia, looked at 12-year results of leave-tree cuts 

accompanied by crop-tree releases of regeneration at age 7. On the highest quality site 

(oak SI50=80ft.), oak was only 4% of large regeneration. On the good and medium quality 

sites, oak was 13 and 40% of the dominant and codominant regeneration, respectively.  

Miller and Schuler (1995) looked at the 10-year regeneration results on four leave-tree 

stands on good-quality sites (oak SI50=70-80ft.) in West Virginia. On three of the sites, 

tulip poplar or black cherry dominated the regeneration.  Across all four stands, oak 

averaged around 7% of large regeneration at year 10.  The most oak regeneration was on 

a site with an oak SI50=70ft.; oak was 22% of large regeneration.  Shostak et al. (2002) 

found that in a high-quality, oak-hickory stand on the Cumberland Plateau, a deferment 

cut was unable to create a large amount of dominant oak seedlings after four years.  This 

system can also fail on medium quality sites, too.  On their medium quality site (oak 

SI50=60-75ft.), Heiligmann and Ward (1993) found that only 22% of dominant 

regeneration under a 40ft2/ac residual canopy was oak.   

These studies suggest that the leave-tree system is only mildly successful at 

regenerating oak on lower quality sites and is generally unsuccessful on higher quality 

ones. 
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Silvicultural systems: Group selection 

Group selection is an uneven-aged silvicultural system where several small cuts 

(0.2 to 1 acre each) in a stand.  In the typical group selection harvest in the southern 

Appalachians, 20 to 30% of a stand’s acreage is harvested at each entry, with a 20 to 25 

year cutting cycle.  The group selection method, with its smaller openings, is designed to 

regenerate shade tolerant species and exclude shade-intolerant ones.  Theoretically, this 

system would regenerate the intermediately-tolerant oak species when large sized groups 

are used. 

Research has shown that oak species response to the group selection system is 

mixed.  Regenerating oak-dominated stands using group selection generally decreases the 

oak component in the new stand.  Hill and Dickmann (1988) examined the 14-year 

results of using the group selection method in southern Michigan.  They found that on a 

medium quality site, in which oak was 66% of the previous stand, the dominant 

regeneration was comprised mostly of black cherry, sugar maple and American elm; oak 

was only 1% of all stems.  Dale and others (1995) surveyed 30 year-old group selection 

cuts located in several Midwestern states.  They found that oaks were only 29 and 6% of 

stand basal area on intermediate and good quality sites, respectively.  Given the 

description of the pre-harvest stands as “upland oak,” this seemingly represents a 

significant decline using group selection harvests. However, Minckler (1989) did find 

that on south facing slopes in Illinois, oaks were up to 50% of tall, tree species 

regeneration in 10 year-old group cuts. The parent stand, only vaguely defined, was 
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approximately 50% oak by volume, suggesting that at this site, oak was able to maintain 

it’s importance following group selection cuts.   

The trend of less oak regenerating on better quality sites holds true under group 

selection.  Dale et al. (1995) found that on medium quality sites (oak SI50<65ft.), oaks 

were 29% of the basal area while on good quality sites oaks were only 6% of stand basal 

area.  Minckler (1989) found that oaks were 50% of regeneration in group cuts on south 

facing slopes, but only approximately20% on north facing slopes, which were 

presumably higher quality sites. Weigel and Parker (1997) looked at 6-20 year-old group 

selection cuts on good quality sites in southern Indiana. Their research sites fell into 2 

cover types, oak-hickory and mixed hardwood (oaks were a large component of both).  

Oak regeneration was poor in both site types following group selection.  It appears that, 

as with the other systems, the group selection method can regenerate a significant oak 

component on medium quality sites, but is relatively unsuccessful on higher quality sites.  

Whether or not oak can maintain its pre-harvest importance using group selection 

regeneration cuts is uncertain. 

 

III.Methods and materials 

Study site description 

This research was part of a larger Diversity Study, which is evaluating the impacts 

of alternative silvicultural systems on animal and plant community ecology in the 

southern Appalachians.  The Diversity Study had 7 study sites located in Virginia and 

West Virginia.  The large 5-acre treatment areas required for the wildlife habitat 
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component of the study precluded treatment replication at each location. Criteria used to 

initially select sites were: 

1) the overstory composition was predominately oak species 

2) the site index was in the range of 60-80 ft. at 50 years for upland oaks. 

3) the overstory was maturing or mature (50-150 years old) 

4) slopes were moderate (<45%) and aspects were generally southern 

5) stand regeneration was a viable management tool 

 

Four of the seven sites from the Diversity Study were used in this component of 

the project.  The four sites were selected based on the fact that they would have 

completed four years of growth following harvest at the time of measurement (Table 1).  

Study sites were located in the Jefferson National Forest in the Blacksburg (BB2), New 

Castle (NC) and Clinch Ranger Districts (CL2) in Virginia, and in MeadWestvaco's 

Wildlife and Ecosystem Research Forest (WV1) in West Virginia (Fig.2).   

The climate of all the sites is classified as temperate and moderately moist.  The NC and 

BB2 sites are located in the Ridge and Valley physiographic province, have an average 

daily temperature of 690F in the July and 350F in December (Table 1). Average annual 

precipitation is 40 inches, distributed equally throughout the year.  The CL2 site is 

located in the Cumberland Plateau physiographic province, has an average daily 

temperature of 690F in July and 370F in December.  Average annual precipitation is 46 

inches, distributed equally throughout the year. 
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Table 1.  Location and descriptive characteristics of four study sites in southwestern 
Virginia and eastern West Virginia (NOAA, 2001).   

Site       NC  BB2      CL2    WV1 
 

Location Craig Co., VA Montgomery 
Co., VA 

Wise Co., VA Randolph Co., WV

Physiographic 
Province 

Ridge and 
Valley 

Ridge and 
Valley 

Cumberland 
Plateau 

Alleghany Plateau 

Average 
annual precip. 

(in.) 
40 40 46 45 

Average daily 
temp. (0F) 
July / Dec. 

69 / 35 69 / 35 69 / 37 67 / 29 

Soil Series Berks -Weikert Berks -Weikert Muskingum Dekalb -Gilpin 

Aspect 1500 1510 1080 2700 

Slope 12% 21% 25% 45% 

SI50 oak 60 feet 70 feet 70 feet 80 feet 

Age at harvest 59 years 99 years 75 years 73 years 

Harvest start 
and 

completion 

Nov. 1995-
June 1996 

Nov. 1995-
June 1996 

Aug. 1997-  
March 1998 

May 1997- 
Sept. 1998 

Year of 
sampling 

summer 2001 summer 2001 summer 2002 summer 2002 

 

 

The WV1 site in the Alleghany Plateau physiographic province, has an average daily 

temperature of 670F in July and 290F in December.  Average annual precipitation is 45 

inches, distributed equally throughout the year (NOAA, 2001).  

The soils at all four sites are well-drained, and derived from sandstone and shale parent 

material from colluvium or residuum.  Depth to bedrock ranges from 1.5-4.5 feet, and 

soils are rocky, well-drained and acidic.  The soil type at BB2 is the Berks-Weikert 
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complex (Creggar et al., 1985), characterized as a loamy-skeletal, mixed, active, mesic 

Typic Dystrudepts in the Berks series and a loamy-skeletal, mixed, active, mesic Lithic 

Dystrudepts in the Weikert series.  There is no soil survey completed for the area around 

the NC site, but inspection of the soil leads to the conclusion that it is also a Berks-

Weikert complex, only in a much stonier phase.  The soil at CL2 is the Muskingum series 

(Perry et al.1954), which is classified as a fine-loamy, mixed, semi-active, mesic Typic 

Dystrudepts.  The soils at the MeadWestvaco site are in the Gilpin-Dekalb stony complex 

(Pyle et al., 1982), and are classified as a fine-loamy, mixed, active, mesic Typic 

Hapludults in the Gilpin series and a loamy-skeletal, siliceous, active, mesic Typic 

Dystrudepts in the Dekalb series. 

 

Treatment and plot layout 

Plot establishment 

At each site, the 6 silvicultural treatments were randomly assigned to 5-acre 

treatments areas (Fig.3),  with no buffer zone in between treatments.  Within each 

treatment area, three 78.8ft.x78.8ft. “tree plots” were installed. The location for the center 

of the first tree plot was determined by using a random number generator to select an 

azimuth and distance from the treatment area center. To avoid overlap, the next two tree 

plot centers were located by adding 1200 and 2400 to the azimuth of the first plot. All tree 

plots were located at least 75 feet from the border of a treatment area.  The plots were 

marked with PVC pipes at the corners and along the perimeter. 
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Figure 2.  Location of the seven Diversity study sites, four of which were used in this 
study (▲).  NC and BB2 are located in the Ridge and Valley physiographic province 
near Blacksburg, VA.  CL2 is located in the Cumberland Plateau near Norton, VA.  
WV1 is located in the Alleghany Plateau near Mill Creek, WV. 
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Within each tree plot, sixteen 19.7ft. x 19.7ft. "shrub plots" were established.  A 

grid was overlaid on each tree plot, dividing it into 16 squares of equal size.  A random 

number generator was used to select which 3 shrub plots to sample, which represent the 

sub-sampling unit.  A total of 9 shrub plots were established in each treatment area (9 

sub-sampling points).  The corners of shrub plots, if on the tree plot perimeter, were 

located with the aforementioned PVC pipes.  The corners of shrub plots completely in the 

interior of the tree plot were flagged.  For post-harvest sampling, the shrub plots were re-

located using the PVC pipes and flagging.  If the flagging was not present, corners of a 

shrub plot were established using a compass, with the perimeter PVC pipes as reference 

points.  Data regarding pre- and post-harvest regeneration  in the silvicultural treatments 

were collected on these plots.   

 

Treatment descriptions 

At each site, the 6 silvicultural treatments were randomly assigned in 5-acre 

blocks, with no buffer zone in between blocks, to make the total area per site of 30 acres 

(Fig.3).  The layout of the treatments in relation to one another was assigned at random.  

The treatments are defined as follows: 

1) Control:  no silvicultural activity within the stand. 
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Figure 3.  Example of the treatment layout and plot locations used to sample vegetation, soil nutrients and moisture in 
the Diversity study.  All sampling  for this research was centered around the 19.7ft. x 19.7ft. shrub plots.



2) Group selection system:  Two or three groups, each from 0.25-0.50 acres, 

were made in each EU.  All stems in the group cut were felled.  Additionally, TSI 

thinning was conducted in the areas between harvest groups. Intensity of thinning 

was variable among sites.  This treatment represents portions of the group-

selection treatment area that were in the intensely harvested group cuts.  Harvest 

plans call for re-entry to this treatment in 15-20 years to create an uneven-aged 

structure. 

 3) Shelterwood system:  50-60 ft2/acre of main canopy basal area was retained  

following the initial cut.  Residual trees were selected based on good form, 

dominant or codominant crown position, and species desirability (oaks and other 

commercial species).  The residual stand will be harvested when satisfactory 

reproduction has been established and is ready to be released. At the time of the 

four-year post-harvest sampling, the residual overstory on all four sites was still 

intact. 

4) Commercial clearcut:  20-30 ft2/acre of  basal area was retained following the 

initial cut.  The residual stand was typically unmerchantable poletimber or 

sawtimber cull trees.  The residual stand will remain through-out the next rotation, 

creating a two-aged structure.  This treatment has been called a “junk 

shelterwood” or “irregular shelterwood” in previous studies.  However, because 

of the poor quality of the residuals, and the lack of any intent to remove the 

overwood in the future, “commercial clearcut” was selected as the best 

description of this treatment. 
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5) Leave-tree system: 10-20 trees/acre (approximately20ft2 of BA/ac) were left 

to remain throughout the rotation, thus creating a two-aged structure. Residual 

trees were selected based on good form, dominant or codominant crown position, 

and species desirability (oaks and other commercial species). 

6) Silvicultural Clearcut:  Removal of all stems >2'' DBH, creating an even-aged 

structure.  Non-merchantable stems were felled and left on the ground. 

 

The condition of the group selection treatment warrants additional explanation.  In 

the original 5-acre group selection treatment areas, the permanent plots did not 

necessarily fall in the actual group selection cuts.  On the BB2 site, none of the 9 shrub 

plots were located in disturbed parts of the treatment area.  As this study was examining 

regeneration after silvicultural treatments, it would be misleading to use these data under 

the treatment label "group selection." To fix this problem, just prior to the 4th-sampling 

period, each shrub plot was classified as either inside or outside a group cut.  This split 

one treatment area into two; what was formerly the "group selection treatment" now 

became the "group selection-cut" and "group selection-uncut" treatments.  Once the re-

classification was complete, nine new shrub plots were established inside a 5-acre group-

selection treatment area.  The new plots were established in the proportion needed to 

attain full sub-sampling intensity for both group selection treatments.  If a group selection 

treatment area had 2 shrub plots inside a cut and 7 outside a cut, then 7 new plots were 

established inside a cut and 2 were established outside a cut.  No pre-harvest or one-year 
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data was available for these newly-established plots.  Only data from the “group 

selection-cut” treatment is presented here. 

The three sites on the Jefferson National Forest were harvested using commercial 

logging crews.  The MeadWestvaco site was harvested by that company’s forestry 

research logging crew.  Trees were felled by hand with chainsaws and moved to landings 

using rubber-tired skidders.  Harvesting at the NC and BB2 sites was completed in June, 

1996.  Harvesting at the CL2 site was completed in September, 1997.  Harvesting at the 

WV1 site was completed in March, 1998 (Table 1). 

 

 Sampling Procedures 

To address the changes in forest composition due to different silvicultural 

systems, data was collected ,both pre-harvest and post-harvest, from the permanently 

marked tree and shrub plots at the four study sites.  Each site was sampled during the 5th 

full growing season after harvest. The NC and BB2 sites were sampled during the 

summer of 2001, the CL2 and WV1 sites were sampled during the summer of 2002. 

 

Pre-harvest sampling 

In the 78.8ft. x 78.8ft. tree plots, all stems over 16.5ft in height were tallied and 

labeled with a uniquely-numbered metal tag at the base of the stem.  The species, DBH, 

total height, crown position, and crown health were recorded for each of these trees. On 

the shrub plots, stems between 3.3 and 16.5 ft. tall were tallied. The species and 2 crown 

diameters for each stem were recorded.   
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Pre-harvest sampling occurred on the NC, BB2 and CL2 sites in 1995, and on the 

WV1 site in 1996.  Pre-harvest overstory data has previously been published in 

Hammond (1998). 

 

Post-harvest sampling 

This data represents the 4 to 5 year results of the treatments four full growing 

seasons after harvest and will be subsequently referred to as "four-year post-harvest 

data." Fourth-year regeneration data collection on the shrub plots began in early June of 

each year, and was completed by early September.     

 

       Residual overstory 

To assess residual tree density around each shrub plot, a 0.2 acre circular plot 

(r=52.6 ft.) was established.  The approximate center of the shrub plot was also the 

circular plot's center.  Within the 0.2 acre plot, every stem greater than 2" DBH was 

tallied, and the species, DBH, height and distance to plot center was measured.  In some 

cases, there were stump sprouts that were greater than the 2” threshold.  Since the 

purpose of the circular plots was to quantify residual overstory density, these large stump 

sprouts were ignored.  Any stem that was obviously regeneration resulting from the 

timber harvest was ignored for the overstory sampling.   

An index of overstory density (INDEX1OAK) was created to quantify the impact 

of competition for light and soil resources from the residual overstory.  The 
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INDEX1OAK value for each shrub plot was obtained using the data from all trees in the 

0.2 acre circular plots: 

        INDEX1OAKplot x   =   Σ (ht.i / √disti) 

where  ht.i = height (in feet) of tree i 
 disti = distance (in feet) from shrub plot center to center of tree i 

 
The higher the INDEX1OAK value, the more residual overstory was present.  This 

variable was created to more accurately represent the residual stand structure than a 

simple measurement of residual basal area.  The amount of shade a tree casts on a 

particular point was related not only to it’s size, but also to its distance from that point.  

Trees of similar height would obviously create more shade on a spot if they were closer.  

This potential source of variation is not accounted for in a measure of  residual basal area.   

INDEX1OAK took into account a trees distance from the shrub plot, giving more distant 

trees a lower value.  Total residual basal area in the 0.2 acre plot was highly correlated 

with the INDEX1OAK value (p<.0001, r2=.75). 

 

Regeneration 

On the shrub plots, all woody stems were tallied but data was collected only from 

stems over 1ft. tall.  Any woody stem in the shrub plot that had a metal base tag was not 

considered to be regeneration, but part of the overstory.  The presence of a tag indicates 

that the stem was greater than 16.6 ft. tall at the last sample period, which is too tall to be 

called advanced regeneration (Sander, 1972).  These trees were included in the post-

harvest inventory of the residual stand. 
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Data collected from each stem >1ft. tall included species, height (nearest 0.1 

foot), origin (stump sprout or seedling), and crown position. Stump sprouts were only 

those sprouts originating from cut stumps that were >5 inches DBH.  The crown position 

of each stem was assessed by considering its crown in relation to other regeneration; 

overstory trees were ignored.  Position was recorded with the crown stratification system 

used  in mature forests (dominant, codominant, intermediate, suppressed), reflecting the 

importance of light reaching the crown. 

 

Light levels 

In order to collect data on light levels experienced by the regeneration, 

hemispheric photographs were taken at two of the interior sample points in each shrub 

plot (Fig 3.). For the purposes of analysis, the values from the two pictures at each shrub 

plot were averaged.  Images were taken with a 180 degree equidistant fisheye lens, 

looking up at a location, above the canopy of the developing regeneration.  Pictures were 

taken only after full leaf out, on uniformly overcast days, or at sunrise or sunset (Delta-T 

Devices Ltd., Cambridge, U.K.), to maximize the contrast between the vegetation and 

sky.   

 On all sites, pictures were taken above the layer of regenerating vegetation, which 

is sometimes as tall as 15 feet.  In order to get above this sub-canopy, the camera was 

attached to a telescoping pole, and positioned above the regeneration.  Once in place, a 

marker on the lens rim was visually oriented due north, adjusting for declination. Two 

 45



bubble levels, perpendicular to each other, were attached to the pole at eye level to assure 

that the camera was properly leveled.     

At NC and BB2, pictures were taken on black and white film (Kodak TRI-X 400) 

using an 1800 fisheye lens attached to a 35mm Nikon camera.  The photographs were 

then digitized and edited using Adobe Photoshop (v5.0) to maximize contrast between 

the vegetation and sky.  At CL2 and WV1, pictures were taken using a Nikon CoolPix 

950 digital camera.  Picture files were saved at the highest resolution, then edited using 

Adobe Photoshop to maximize contrast between the vegetation and sky.  Each 

photograph was analyzed with Hemiview software (Delta-T Devices Ltd., Cambridge, 

UK), with Global Site Factors (GSF) as the variable of interest.  GSF is combines direct 

and diffuse solar radiation reaching a point, reporting that value as a percent of full 

sunlight.  GSF is more commonly known as Gap Light Index (GLI; Canham, 1988) and 

GLI will henceforth be used to describe light levels. 

In analyzing the photographs using Hemiview, a threshold gray level was set for 

each photo.  The selected threshold maximized the visual agreement between the actual  

picture and the image analyzed by the software.  In order to minimize error and variation 

in threshold selection, the same person digitized and analyzed all photographs.   

A problem encountered with the hemispheric pictures was that foliage from the 

regeneration was occasionally present at the edges of the pictures.  Since the hemispheric 

pictures were taken to measure the impact of residual overstory on light reaching the 

regeneration, the presence of the regeneration would cause significant underestimation of 

the amount of light received at a sample point.   
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Figure 4.  Relationship between zenith angle and the proportion of radial distance 
on a picture (adapted from Hemiview manual, v 2.1, Delta-T Devices Ltd., 
Cambridge, UK). 
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To eliminate this problem, the radius of the picture area analyzed by the software 

was reduced to the central portion of the picture, where little to no regeneration was 

present.  The reduced radius was 1/4 of the full picture radius, which, using the linear 

relationship between radial distance and zenith angle (Fig.4), corresponds to a zenith 

angle of 22.50 or a cone shape with a 450 central angle. Light levels in a narrow zone 

above a seedling’s crown have been shown to be very useful in predicting competition for 

light (Nyland, 2001). 

 

     Soil moisture 

Volumetric soil moisture was measured using the Time Domain Reflectometry 

(TDR) technique during the 2001 growing season at the NC and BB2 sites.  Instead of 

taking soil moisture measurements randomly throughout the growing season, it was 

judged more useful to intensively sample the treatments after a sizeable rain event. By 

closely following the moisture after this event, it was hoped that the effects of the 

treatments would be more readily apparent.  Due to time constraints during the second 

field season, TDR sampling was only performed during the first field season, at the NC 

and BB2 sites.  

The two sites were sampled every other day, until 4-5 measurement periods were 

completed.  On each sample day, all shrub plots at one site were visited.  Four soil 

moisture measurements were taken in each shrub plot. These four readings were averaged 

for the shrub plot,  yielding the 9 sub-sample points per treatment per sample day.  In this 
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manner, the water content of each treatment was monitored over time. Variables of 

interest included water content on a given date, and water loss over a given interval. 

 

     Soil nitrogen 

Mixed-bed, ion exchange resin bags  (IONAC NM-60+/OH-, J.T. Baker, 

Phillipsburg, NJ) were used to measure available soil nitrogen in each treatment 

(Mulvaney, 1996).  At each shrub plot, four resin bags were individually buried under the 

A horizon, around 6 inches deep.  Resin bag preparation was as follows:  0.21 oz. (6g 

dry-weight) of mixed bed resin was put into a piece a Dacron sailcloth material and 

sealed with a plastic cable tie.  To load the bags with easily exchanged ions, they were 

first rinsed with de-ionized (DI) water, then put in a 1M NaCl solution and agitated for 60 

minutes.  The bags were then stored at 400F until burial in the field.  The bag was buried 

and covered with soil, with every effort taken to minimize soil compaction.  Pin flags 

were placed next to the bags for re-location purposes. 

Bags were buried in late May and collected in mid-November and placed in cold 

storage until extraction and analysis.  The resin bags were first washed with DI water, 

then each bag was put in an individual container with 100 mL of 2M KCl solution.  The 

bags were then agitated for 60 minutes. The extract from each container was then filtered 

through #44 Whatman paper.  If any extract still looked cloudy after filtration, it was 

filtered again.  Ammonium and nitrate in the resin extracts was determined using an 

automated analyzer system (TRAACS system, Bran and Luebbe Corp., Norderstedt, 

Germany).    
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Binkley and Matson (1983) recommend that analysis occur within 2 weeks of 

removal from the soil.  While this protocol was followed for resin bags from CL2 and 

WV1, the resin bags from the NC and BB2 sites were stored in a walk-in cooler for over 

8 weeks before they were extracted.  Because of the potential changes in nitrogen that 

occured during storage, the nitrogen data from all bags is presented as "total available 

nitrogen," which is the sum of NO3
- and NH4

+ nitrogen.  Mean values of resin-extractable 

nitrogen were determined from the four bags in each shrub plot. 

 

Experimental Design 

This study was analyzed as an unbalanced, randomized complete block design 

with sub-sampling (RCBD w/ss). The four sites were the blocks and each 5-acre 

treatment area was the experimental unit. The large size of the treatment areas, necessary 

for the wildlife component of the study, prevented replication at a site.  The 

19.7ft.x19.7ft. “shrub plot”, described in the next section, represented the sub-sampling 

unit.  

The study was unbalanced due to the fact that two treatments (leave-tree and 

commercial clearcut) had a missing replication.  At the CL2 site, the area assigned to the 

leave-tree treatment was bisected by a seasonal stream and all sub-sampling points were 

located in the Streamside Management Zone (SMZ). This area was not harvested 

according to the assigned treatment specifications; it was essentially uncut forest.  It was 

decided to not use data from the leave-tree treatment as it did not represent the true 
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silvicultural prescription.  At the WV1 site, the commercial clearcut does not exist due to 

space limitations which precluded the installment of all treatments.   

 

Data analysis 

The regeneration results are presented in several different formats.  It was useful 

to look at the absolute numbers of the pre-harvest basal area and regeneration stems of a 

species or groups of species; past research has identified critical thresholds densities for 

some species that indicate whether or not it will be a part of the next stand (i.e. Loftis, 

1983).  However, it was also important to consider the importance of a particular species 

in relation to the entire stand.  To that end, the relative density (RD) of each species was 

also examined.  Relative density for the regeneration was calculated by the following 

formula: 

RDi = (stems/ac.i)  /  (stems/ac.all species)  where i = ith species.  

Relative basal area (RBA) in the pre-harvest stand was calculated by the following 

formula: 

RBAi = (BA/ac.i)  /  (BA/ac.all species)  where  i = ith species 
        BA= basal area 

 

Importance Value (IV) in the pre-harvest stand was calculated by the following formula: 

 IVi = (RDi + RBAi) / 2                                     where i = ith species 

For stand developments purposes, it is necessary to look at the species 

composition of the dominant/codominant (D/CD) stems; the stems are that are most 
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likely to be dominant during the next rotation.  Therefore, absolute densities and RD’s of 

a species were also reported using only the D/CD regeneration data. 

Pre-harvest characteristics analyzed were: total basal area (BA), oak species BA 

and RBA, and oak advance regeneration density.  Post-harvest characteristics analyzed 

were: residual BA, residual oak BA, total regeneration density, oak species regeneration 

density and RD, total D/CD regeneration density and oak species D/CD density and RD.   

 

Analysis of variance/covariance 

Analysis of Variance (ANOVA) tests were performed for a RCBD w/ss 

experiment using the MIXED procedure of SAS (SAS Institute,Cary, NC), with both site 

and treatment as fixed effects and the site*treatment interaction as the random effect.  

PROC MIXED computes residual maximum likelihood (REML) estimates of the 

variance parameters, which are then used for hypothesis testing.  The ddfm=SATTERTH 

option of the MODEL statement was used to adjust the denominator degrees of freedom 

in cases of missing sub-sampling points, thus obtaining a more accurate F-statistic (SAS 

Institute, Cary, NC).  PROC MIXED was used for two reasons: 1) PROC GLM could not 

estimate the LSMEANS of any site or treatment that had a missing replication (see 

previous section for details). 2) PROC MIXED is the only procedure that can use the 

ddfm=SATTERTH option.  

The normality of each response variable was checked using the Shapiro-Wilk 

statistic generated by PROC UNIVARIATE, NORMAL PLOT; values over .05 indicated 

a normally distributed data set.  Most variables were non-normal, and had to be 
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transformed.  Typically, the square root or natural log transformation resulted in normal 

distributions (Table 2).  For some response variables, none of the transformations fixed 

the distribution problem.  In these cases, the transformation that most closely created a 

normal distribution was used for analysis. Global significance tests and means 

separations were performed on the transformed data. Site and treatment means were 

calculated using the LSMEANS statement and were compared using the PDIFF option.  

For the purposes of presenting the data in a recognizable form, the original site and 

treatment averages generated from the LSMEANS statement were used.  

 
Table 2.  Transformations used that best achieved normality with overstory and 
understory variables of interest.  Normality was reached when p>.05 

 
variable transformation Shapiro-Wilk p-value 

pre-harvest oak basal area none .02 

pre-harvest oak RBA none .01 

all tree regeneration / ac. LN .33 

all oak regeneration / ac. LN .006 

D/CD oak regeneration /ac. LN .58 

all oak regeneration RD SQRT .49 

D/CD oak regeneration RD SQRT .04 

 

Analysis of covariance (ANCOVA) was used to determine if any differences in 

the pre-harvest stands affected the development of the regeneration.  Several pre-harvest 

variables including total basal area, oak basal area and oak RBA were all used as 
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covariates in a PROC MIXED ANCOVA analysis of several regeneration response 

variables.  If the covariate variable was had a significant p-value (α<.10), the ANCOVA 

analysis was used to determine Global p-values and for means separations.  Use of 

ANCOVA analysis will be noted where applicable. 

 

Multiple Linear Regression (MLR) 

     Model development      

In order to examine the patterns of oak regeneration at the smaller, shrub plot 

level, multiple linear regression (MLR) with PROC REG was used.  Response variables 

included the same oak regeneration variables previously listed in the ANOVA section. 

Potential regressors included variables describing the pre-harvest BA, RBA and residual 

BA of 30 individual species, the amount of advanced regeneration of 30 individual 

species, available soil nitrogen, and post-harvest light levels.  

Since the pool of potential regressors was quite large (>150),  three procedures 

were used to narrow down the list of candidate variables.  First, the several variables that 

seemed the most biologically relevant to oak regeneration were put into the analysis, 

including:   

1) The number of large, advance oak regeneration stems in each shrub plot 

(PRE_OAKREGEN).  This variable has been linked to oak regeneration success in other 

studies (see Loftis, 1983). 

2) The number of oak trees harvested in each shrub plot (OAKSCUT).  This 

variable would be an estimate of the role stump sprouting is playing in oak regeneration. 
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3) The pre-harvest RBA of oak around each shrub plot (PRE_OAKRBA).  This 

variable would be an indicator of oak abundance and of the potential for a large oak 

seedling pool.   

4) The residual basal area of oak around each shrub plot (RESID_OAKBA).  This 

variable would give information about the oak seed source during the 4 years between 

post-treatment and sampling. 

 Twenty-three other variables were also chosen for the final model selection 

procedure.  These variables included the soil nitrogen and post-treatment light levels, and 

the pre-harvest BA, RBA and residual BA of other important tree species that were 

present at most of the study sites.  Second, to determine which of these pre-selected 

variables were important,  MLR analysis of the 27 variables was then conducted using 

the Mallow’s Cp statistic SELECTION option to rank each model.  Mallow’s Cp statistic 

was used because it allows all possible models to be compared, and is an estimator of 

both model bias and variance.  From this analysis, it became clear that only 13 of the 27 

variables were useful in describing oak regeneration patterns; the 20 models with the 

lowest Cp values tended to contain only these 13 variables, in different combinations.  To 

verify that these variables were indeed important in explaining oak regeneration 

dominance, simple linear regression (SLR) analysis was performed for each variable and 

D/CD oak regeneration RD (Table 3). Three of the 13 variables were not significant, but 

as they were associated with top MLR models, they were still included in the analysis.   

The best model was then selected based on statistics generated from the MLR analysis of 

the 13 variables (Table 3). 
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Table 3.  The list of variables used in MLR analysis of D/CD oak regeneration 
relative density at all four study sites. 

Name Variable SLR correlation w/ 
D/CD oak regeneration 

TOTALBA 
 

total BA, pre-harvest .022 

ACRUBA 
 

red maple BA, pre-harvest .105 

OAKSBA  
 

oak BA, pre-harvest .076 

PRE_OAKRBA  
 

oak RBA, pre-harvest .265 

NONOAKS IN SP 
 

# non-oak trees in shrub plot .174 

PRE_OAKREGEN # large, advanced oak  
regen. stems in shrub plot  

N/S 

NONOAKSCUT 
 

# non-oak trees cut in shrub 
plot 

.06 

OAKSCUT 
 

# oak trees cut in shrub plot .373 

NITRO available nitrogen 
 (ppm NO3

- + NH4
+) 

.103 

GLI 
 

% of total light N/S 

RESID_OAKBA 
 

residual oak BA N/S 

INDEX1OAKTOTAL 
 

index of total residual 
overstory density 

N/S 

INDEX1OAKOAK index of oak residual 
overstory density 

.039 

      

Model selection 

 The ranking of all possible models using Mallow’s Cp statistic was repeated for 

the reduced, 13 variable data set.  This procedure evaluates all possible models using the 

complete list of variables and given a selection criteria.  However, an individual model 

can contain a variable or variables that are not significantly correlated with the response.  

Because of this fact, each candidate model must be scrutinized and adjusted if necessary.  
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Each of the top 10 models generated from this procedure was analyzed for normality, 

constant variance, collinearity problems, and non-significant variables.   

Normality of the residuals was checked using PROC UNIVARIATE, NORMAL 

PLOT option.  Both visual assessment and the Shapiro-Wilk test (α=.10) statistic were 

used to determine normality.  The residual plot of the final model was normally 

distributed. 

To detect non-constant variance in each model, a graph of the externally 

studentized residuals (rstudent) against predicted values of the response was examined.  

The shape of the residuals plots should ideally be random, a conical pattern showing 

increasing variance with increased predicted values is the most common, non-constant 

variance problem.  In the models with non-constant variance, the response variable was 

transformed using either a square root or natural log transformation. 

To detect collinearity problems, variance inflation factor (VIF) values were 

examined; VIF values of >10 were considered problematic (Montgomery et al., 2001).  

Collinear variables were quite apparent in this study, and the least significant variable of 

the pair was omitted from the data set. In some cases, the elimination of the collinear 

variable rendered another variable in the model not significant (p>.15).  This variable was 

then discarded, which  created a new, smaller model.  This iterative process could have 

continued, but in all cases, the elimination of the second variable left all remaining 

variables significant. The final model was then selected from the adjusted versions of the 

top 10 models.  The PRESS statistic and adjusted r2 values were used to select a final 
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model.    The adjusted r2 statistic can assess overall model adequacy and also guards 

against model overspecification (Mongomery et al., 2001). 

 

 

IV. Results 

Description of pre-harvest conditions 

Overall oak component  

All four study sites had a large component of oak (Fig.5 ).  NC had the highest 

oak RBA (78%) and an oak RD twice as high as any other site (59%) (Table 4).  BB2 had 

was somewhat lower RBA than NC (58%), but an oak RD that was much lower (24%). 

CL2 had an oak RBA comparable to that of BB2 (50%), but a somewhat lower RD 

(16%).  WV1 had the lowest RBA of oak (41%), and the lowest oak RD (14%).  Red 

maple and tulip poplar were the most common competitors at most of the sites.  All four 

stands had relatively few large, advanced oak regeneration stems, ranging from 10-

200/acre (Table 5).   

 The diameter distribution of the oak component at NC was heavily skewed 

towards small poletimber-sized trees (Fig.6).  The diameter distribuition of oak at BB2 

and WV1 was more normal in distribution; it was more evenly split between poletimber 

and sawtimber-sized trees.  The diameter distribution of oak at CL2 was somewhat 

normal in distribution, but had more trees in the larger size (>22in. DBH) classes than 

any other site. 
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Figure 6.  Diameter distribution of oak trees in the pre-harvest stands at the four 

study sites. 
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Individual stand descriptions 

NC-Newcastle, VA 

 The NC site was a xeric, low-quality site typical in the Ridge and Valley region of 

the southern Appalachians.  The oak SI50 was 60ft, which was the lowest in the study, 

and considered to be regionally low as well.  This site was classified as a Chestnut Oak 

forest cover type (Eyre, 1980).   

Drought adapted oak species, particularly chestnut and scarlet oak (Quercus 

coccinea Muenchh.), comprised an average of 78% of stand basal area in the six 

treatment areas (Table 4).  There were small components of white oak and black oak 

(Quercus velutina Lam.), but northern red oak was not present.  Red maple comprised a 

small to moderate component of all stands, with 3-18% of stand basal area. Mesic species 

like tulip poplar and cucumbertree, found at the other sites, were not present at NC.  

Species like blackgum and sourwood (Oxydendrum arboreum L.), had a low RBA 

(approx. 17%) but a much higher RD (approx. 40%), indicating  these species had 

numerous, small stems that were relegated to subcanopy and understory positions.  

 The understory of the NC site had relatively few large (>3.3ft.) oak seedlings, 

averaging only 25 per acre (Table 5).  Understory species including blackgum and 

sourwood were much more abundant, averaging over 700 large seedlings per acre.  Not 

shown in the data, was a thick, continuous carpet of Vaccinium  stems in the understory.  

This layer of Vaccinium was typically 2-3 feet tall and was found in all treatment areas.  

NC was the only site with this type of vegetation.
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Table 4.  Pre-harvest Relative Basal Area (RBA)1 , Relative Density (RD)2 and Importance Values (IV)3 of 
overstory tree species (stems>16.6ft. tall only) at the four study sites. 
 

                        NC             BB2           CL2           WV1 
             RBA RD IV RBA RD IV RBA RD IV RBA RD IV

all Quercus spp.             78 59 68 58 28 43 50 16 33 41 14 27
Quercus alba 8            8 8 10 6 8 12 3 7 0 0 0

Quercus coccinea 42            23 33 1 0 0 0 0 0 0 0 0
Quercus prinus 23            24 24 34 16 25 14 6 10 13 3 8
Quercus rubra 0            0 0 4 2 3 20 6 13 28 10 19

Quercus velutina 4            3 3 11 4 7 4 1 2 0 0 0
Acer rubrum 5            8 6 9 17 13 27 40 34 20 28 24

Acer saccharum 0            0 0 2 3 2 0 0 0 1 5 3
Betula lenta 0            0 0 0 0 0 0 0 0 2 4 3
Carya spp. 0            2 1 4 5 4 3 2 2 0 0 0

Fagus grandifolia 0            0 0 0 0 0 0 0 0 10 19 15
Liriodendron tulipifera 0            0 0 9 10 9 2 1 2 9 3 6

Magnolia spp. 0            0 0 1 2 2 1 12 7 11 13 12
Nyssa sylvatica 4            20 12 7 5 6 0 3 2 0 0 0

Oxydendrum 
arboreum 5            7 6 8 21 15 11 11 11 1 1 1

Pinus strobus 0            0 0 0 1 1 0 0 0 0 0 0
Prunus serotina 0            0 0 0 0 0 0 0 0 3 2 3

various spp.a 
9            6 8 2 7 5 5 16 10 2 12 7

100 100 100 100 100 100 100 100 100 100 100 100             
 
 1-   RBAi  = BAi / total BA     where i = ith species 
 2-   RDi     = (stems/ac.)i / (total stems/ac.)  where i = ith species 
 3-   IVi       = (RDi + RBAi) / 2                        where i = ith species 
 
 a- Acer pennsylvanicum, Amelanchier arboreum,Castanea dentata,Cornus florida, Sassafras albidum
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Table 5.  Absolute and relative density (RD)1 of tree species advanced regeneration at four study sites, 1 to 2 
years before harvest. 

 
             NC         BB2        CL2               WV1 

     stems/acre RD stems/acre RD stems/acre RD stems/acre RD

all Quercus spp. 25        3 204 21 10 1 102 6

Quercus alba 0        0 25 4 0 0 0 0

Quercus coccinea 2        0 6 1 0 0 0 0

Quercus prinus 21        2 127 12 0 0 2 0

Quercus rubra 0        0 23 2 7 1 100 6

Quercus velutina 2        0 23 2 2 0 0 0

Acer rubrum 29        4 304 27 202 25 289 19

Acer saccharum 0        0 29 2 0 0 52 4

Betula lenta 0        0 4 0 0 0 142 10

Carya spp. 0        0 92 8 2 0 0 0

Fagus grandifolia 0        0 0 0 0 0 225 28

Liriodendron tulipifera 0        0 92 7 0 0 33 2

Magnolia spp. 0        0 19 1 155 20 17 1

Nyssa sylvatica 524        64 59 4 11 1 0 0

Oxydendrum arboreum 40        5 58 7 72 9 10 1

Pinus strobus 0        0 31 4 0 0 0 0

Prunus serotina 0        0 0 0 0 0 142 8

various spp. 156        24 204 18 356 42 229 20

 774        100 1094 100 809 100 1240 100

 
     1-   RDi     = (stems/ac.)i / (total stems/ac.)  where i = ith species 
     a- Acer pennsylvanicum, Amelanchier arboreum,Castanea dentata,Cornus florida, Sassafras albidum
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BB2-Blacksburg, VA 

 The BB2 site was also located in the Ridge and Valley physiographic province. 

The species composition suggested this site was slightly more mesic than the NC site.  

The site index was higher, oak SI50 was 70ft., and oaks were 58% of stand basal area 

(Table 4).  This site was classified as a White Oak-Black Oak-Northern Red Oak forest 

cover type (Eyre, 1980).   

The oak component was dominated by chestnut oak, but had a significant amount 

of white oak and black oak (Table 4).  Unlike the NC site, northern red oak was present 

in small amounts in the preharvest overstory while scarlet oak was relatively 

unimportant. Tulip poplar was also present, accounting for 9% of stand basal area in the 

pre-harvest inventory.  The presence of these last two species indicated that this was a 

more mesic environment.  Red maple typically had a low RBA (9%), but had a higher 

relative density ( 17%), indicating that it was mostly a subcanopy species.  Sourwood and 

blackgum were the other species that made up a significant portion of the stand.  These 

species had moderate RBA (17%) but a much higher RD (38%), indicating that these 

species are mostly understory or small subcanopy trees.  

The understory of the BB2 site had around 200 large (>3.3ft.) oak seedlings per 

acre (Table 5), which was almost 10 times the amount on the NC site.  A component of 

large red maple seedlings existed at this site; there were around 500 per acre.  Other 

species such as dogwood, sourwood and blackgum had a similar density of large 

seedlings.   
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CL2-Norton, VA 

 The CL2 site was located in the Cumberland Plateau physiographic province.  

The overstory species composition is characteristic of a mesic, upland stand.  The oak 

SI50 was 70ft., and oaks were 50% of stand basal area (Table 4).  This site was classified 

as a White Oak-Black Oak-Northern Red Oak forest cover type (Eyre, 1980).  

 The oak component was equally divided between white oak, chestnut oak and 

northern red oak (Table 4).  Black oak was present in small amounts, but scarlet oak was 

almost absent.  The presence of cucumbertree (Magnolia acuminata L.) and Fraser 

magnolia (Magnolia fraseri Walt.) on this site was also consistent with its classification 

as a mesic, upland forest.  The magnolia species were consistenly present in all 

treatments.  Magnolias comprised a small amount of stand basal area (1%), but were as 

much as 12% of all stems in a treatment area.  This pattern indicated that magnolias were 

an understory/subcanopy species at this site. Tulip poplar was only 2% of stand basal 

area across the whole site, and was missing altogether from most individual treatment 

areas.   

The understory of the CL2 site had only 10 large oak seedlings per acre (Table 5), 

which is the least amount of any study site.  There were ~200 large seedlings per acre 

each of red maple, sourwood and American chestnut.  There was little understory 

vegetation besides the tree seedlings at CL2. 

 

WV1-Mill Creek, WV 
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The WV1 was the highest quality site in the study and was located in the 

Alleghany Plateau physiographic province.  It had an oak SI50 of 80ft and oaks were 41% 

of stand basal area (Table 4).  This site was classified as a Northern Red Oak forest cover 

type (Eyre, 1980).   

 The oak component was dominated by northern red oak and chestnut oak; white 

oak, scarlet oak and black oak were not present (Table 4).  A more diverse canopy, 

including sugar maple, black birch, American beech and black cherry was present at this 

site, compared to the Ridge and Valley sites (Table 4).   This collection of  species made 

up  approximately 16% of stand basal area. Red maple and tulip poplar were 20 and 9% 

of stand basal area, respectively. Understory species like sourwood and dogwood were 

only 2-3% of stand basal area.   

The understory of the WV1 site had  approximately 120 large oak seedlings per 

acre (Table 5).  Similar to the overstory, there was a high diversity to the understory at 

this site. Red maple, sugar maple, black birch, American beech, and black cherry each 

had 50-250 large seedlings per acre.  In addition to the tree seedlings, there  was a large 

number of greenbriar (Smilax spp.) stems. 

 

 

Development of control stands 

 One possible confounding factor in any long-term study is the influence of  

environmental factors not controlable by the researchers.  In the current study, such 

factors could include drought and insect or ice damage.  Any one of these factors could 
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influence regeneration or residual stand characteristics, thereby confounding the results.  

To ascertain whether or not these factors had an impact on the study sites, the pre-harvest 

and post-harvest stand data from the control treatment areas was examined.   

If the control stand at each site was relatively unchanged, then major environmental 

disturbances could be ruled out as coufounding stand development factors. 

 The overstory of the control stands at the four sites was essentially unchanged 

from 1-2 years before treatment to 4 years post-treatment (Fig.7).  The relative basal area 

of the most important species at each site remained the same.  There was no major 

mortality of overstory trees at any of the sites.  The similarity between the pre-harvest 

and post-harvest overstories do not indicate that a major disturbance has occured during 

the sampling interval. 

The understory of the four control sites also remained relatively unchanged during 

the 5-6 years between pre and post-harvest sampling (Fig.8).  Oak regeneration did not 

increase at any site, indicating that there was no “bumper crop” of acorns during this time 

period.  At the Newcastle site, the abundance of understory species like sourwood and 

blackgum increased from pre-harvest levels.  At the Blacksburg site, these same species 

slightly declined in abundance, as did the hickories and tulip poplar.  However, these 

slight changes in understory seedling densities do not indicate that a major disturbance 

has occurred during the sampling interval.  Given that no major disturbance has occured 

at the four study sites, this variable can be ruled out as a confounding factor, and an 

analysis of the regeneration can be presented.
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Figure 7. Pre-treatment and post-treatment basal area per acre of the control stands at the 4 study sites
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Figure 8.  Pre and post-treatment abundance of advanced regeneration (>3.3ft. tall) stems in the control  
stands at the 4 study sites. 
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Statistical comparison of preharvest conditions 

There were some apparent differences among sites and treatments in the pre-

harvest stand characteristics.  Analysis of these differences will be handled in the 

covariate analysis. 

 

Total basal area 

Total pre-harvest basal area different by site.  The WV1 site had much higher 

average stand basal area, 149 ft2/acre, than the other three sites (Table 6), which ranged 

from 112-126 ft2/acre.  The total basal area of NC, BB2 and CL2 were not statistically 

different. 

 

Oak basal area and relative density 

Oak pre-harvest BA did not differ by site; values ranged from 58ft2/acre to 

85ft2/acre (Table 6).  Oak pre-harvest RBA did differ by site;  oaks were more dominant 

on the lower quality sites.  Oak RBA at WV1 was 37%, which was significantly lower 

than all other sites (Table 6).  Oak RBA at BB2 and CL2 was statistically higher than at 

WV1, but not different than each other (RBA=61, 56% respectively).  Oak RBA at NC 

(76%) was statistically higher than at WV1 and CL2, but not higher than at BB2. 
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Table 6- Pre-harvest stand characteristics of each site (based on LSmeans, p values 
are for overall site effects in that column). LSmeans followed by the same letter 
within a column are not statistically different (α=.10). 

site 

Pre-harvest 
stand BA 

(ft2/ac) 
p=.06 

Pre-harvest oak 
BA (ft2/ac) 

p=.19 

Pre-harvest 
oak RBA 

p=.01 

Pre-harvest 
oak RD 
p=.004 

Pre-harvest 
oak trees/acre 

p=.007 

NC 112   a 85  a 76   c 61  c 244  b 

BB2 126   a 85  a 61   bc 28  bc 99  a 

CL2 125  a 68  a 56   b 18  ab 76  a 

WV1 149  b 58  a 37    a 8  a 51  a 

 

 

 

Description of post-harvest regeneration 

 All the results presented in this section were calculated using the arithmatic means 

of each treatment at each site.  Statistical analyses based on the LSMEANS are presented 

in the following section (Analysis of post-harvest regeneration). 

Total regeneration 

 Tree regeneration in each site/treatment combination was over 7,500 stems/acre, 

four years after harvest (Table 7).  Within a site, regeneration density was variable.  The 

NC site ranged from 9,600 to 15,800 stems/acre while the CL2 site ranged from 7,500 to 

28,300 stems/acre.  Among the treatments, the greatest amount of tree regeneration was 

in the commercial clearcut and the least amount was in the silvicultural clearcut.  Among 

the sites, the greatest amount of tree regeneration was at the BB2 site and the least 

amount was at the NC site. 
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Table 7.  The total regeneration of all tree species in the five silvicultural treatments 
at the four study sites.  Mean values presented are the arithmatic means. 

Treatment 

NC 
thousand 
stems / ac. 

BB2 
thousand 
stems / ac. 

CL2 
thousand 
stems / ac. 

WV1 
thousand 

stems / 
ac. 

treatment 
average 

silv.clearcut 9.6 20.2 7.5 10.9 12.1 

leave tree 9.0 18.4 -- 14.6 14.0 

comm.clearcut 9.5 31.2 15.8 -- 18.8 

shelterwood 6.4 20.5 28.3 10.1 16.3 

group 
selection 15.8 24.6 7.8 12.0 15.1 

site average 10.1 23.0 14.9 11.9  

 

Oak regeneration 

Density and relative density 

 Despite the dominance of oak species in the pre-harvest stands, the regeneration 

at two of the four sites was not dominated by oaks, regardless of the regeneration system 

used.  The amount of oak regeneration and its crown position in the regenerating canopy 

was different at each site. 

 The total number of all oak stems at the four sites was variable, but generally 

high. Densities of oak stems ranged from 1872 stems per acre on the best quality site 

(WV1) to 6912 stems per acre on one intermediate quality site (BB2; Fig.9). However, a 

simple count of oak stems does not give a good estimate of the composition of the future 

stand.  The density and relative density (RD) of the D/CD regeneration cohort are better 

measures of the treatments at age four and can be used to predict future composition of 

the stand.  The D/CD regeneration pool shows that oak stems are present in large  
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Figure 9.  The total amount and distribution of oak regeneration in different crown 
classes at four study sites. 
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numbers only on the NC and BB2 sites; the oak regeneration at the CL2 and WV1 sites 

was mostly suppressed and less than 1ft. tall (Fig.9). 

  

Origin of oak regeneration 

 The D/CD oak regeneration on all sites was equally divided between stump 

sprouts and seedlings, while the other crown classes were dominated by seedlings 

(Fig.10).  Only two sites, NC and BB2, had a large number of oak stump sprouts.  There 

were 175 stumps per acre contributing to the D/CD sprout pool at NC, 115 per acre at 

BB2, 3 per acre at CL2, and 18 per acre at WV1.  

All sites had a large number of oak seedlings (>1000/ac.), but only NC and BB2 

had a large number of oak seedlings in the D/CD classes.  The seedlings at CL2 and WV1 

were predominantly in the suppressed category, with a few in the intermediate category.  

 

Height of oak regeneration 

The height of D/CD oak stump sprouts was greater than the height of D/CD oak 

seedlings (Fig. 11); sprouts were 3-8 feet taller than seedlings across all sites.  Oak stump 

sprouts were closest in height to the competing vegetation.  At NC, the lowest quality 

site, oak stump sprouts were 1-3 feet taller than both types of non-oak regeneration, and 

oak seedlings were the 3-7 feet shorter (Fig.11).  At BB2 and CL2, oak stump sprouts 

were slightly taller than seedlings of competing species, but 1-2 feet shorter than the non-

oak sprouts.  Oak seedlings were the shortest of any type of regeneration.  At WV1, oak  
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Figure 10.  Origin of the oak regeneration in each crown class at the four study sites.  
Numbers in parentheses are the number of stumps per acre that the D/CD sprouts 
originated from. 
 

 

Figure 11.  Average height of dominant/codominant seedlings and stump sprouts of 
oak and non-oak species at the four study sites, 4 years post-treatment. 
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stump sprouts were 1-3 feet shorter than both non-oak sprouts and seedlings and oak 

seedlings were 6-8 feet shorter than the competing vegetation.   

 

Individual site descriptions 

NC-Newcastle, VA 

The D/CD regeneration in the five treatment areas was dominated by oak species, 

red maple, and sourwood (Table 8).  The clearcut had the highest RD of oak (64%) while 

the group selection had the lowest (17%).   Chestnut oak and scarlet oak were virtually 

the only two oak species present in the treatments.  These two species had an RD of 40-

60% in all treatments, with the exception of the group selection (15%).  White oak and 

black oak were never more than 2% of the D/CD regeneration and northern red oak was 

not present.  

Red maple was the most dominant commercial species after the oaks (Table 8).  It 

was a large component in both the leave tree and group selection stands, with an RD of 

37% and 70%, respectively.   It was a smaller component in the clearcut, commercial 

clearcut and shelterwood stands, with an RD of 5, 16 and 15%, respectively.  No other 

commercial species were present in the treatments besides the oaks and red maple.  

Sourwood was the most dominant non-commercial species; it had an RD of >10% in 

three of the five treatments. 

 Most of the treatments did not result in a large shift in species composition at this 

site (Table 8).  The pre-harvest treatment areas were dominated by oaks with a smaller  
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Table 8.  Relative basal area (RBA)1 and relative density (RD)2 of the pre-harvest overstory and the RD of the 4-year 
post-harvest, dominant/codominant (D/CD) regeneration (stems>1ft.tall) at the NC study site. 
 
      silv. clearcut  leave tree        comm. clearcut            shelterwood       group selection 

species 
RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

all Quercus spp.                74 60.9 64.2 89 61.1 50.7 84 70.7 63.5 72 56.3 48.5 58 31.3 17.6

Quercus alba 15               4.2 1.0 12 14.2 0.7 6 9.2 2.7 2 4.6 3.0 6 3.6 1.5

Quercus coccinea 24               15.2 35.2 48 20.5 35.1 46 30.4 37.8 53 33.7 25.8 37 15.4 8.8

Quercus prinus 35               40.9 27.5 19 21.9 13.4 29 29.4 20.9 16 15.5 16.7 14 11.3 6.1

Quercus rubra 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Quercus velutina 0               0.6 0.5 10 4.6 1.5 3 1.7 2.0 2 2.5 3.0 2 1.1 1.1

Acer rubrum 0               0.0 5.2 4 7.9 36.6 3 5.2 15.5 0 0.0 15.2 18 28.6 70.2

Acer saccharum 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Betula lenta 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Carya spp. 0               0.0 0.0 1 6.3 0.0 0 0.0 0.0 0 0.0 0.0 1 1.9 0.0

Fagus grandifolia 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Liriodendron tulipifera 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Magnolia spp. 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Nyssa sylvatica 4               25.0 3.1 3 21.0 0.0 4 15.0 5.4 3 25.0 6.8 4 18.0 2.3

Oxydendrum arboreum 2               3.0 21.7 0 0.0 1.5 6 6.0 10.8 7 13.0 15.2 10 11.0 8.8

Pinus strobus 0               0.0 0.5 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Prunus serotina 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

various spp.a 
20               11.1 5.2 4 3.7 11.2 3 3.1 4.8 18 5.7 14.4 9 9.2 1.2

 100              100.0 100.0 100 100.0 100.0 100 100.0 100.0 100 100.0 100.0 100 100.0 100.0

  
1-   RBAi = BAi / total BA     where i = ith species 
2-   RDi    = (stems/ac.)i / (total stems/ac.)  where i = ith species 
 
a-   Castanea dentata, Robinia pseudoacacia (listed in order of importance) 
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component of red maple.  Both blackgum and sourwood were also present, typically as 

subcanopy or large understory trees.  

Both scarlet oak and chestnut oak were the dominant oaks in both pre and post-

harvest stands (Table 8). In contrast, white oak and black oak, which were each as much 

as 15% of RBA and 14% of RD in the pre-harvest stands,  were much less abundant in 

the treatments, comprising only 1-3% of the RD. Regeneration of black and white oak 

was the same in all treatments, regardless of the pre-harvest dominance of these species.  

While oaks remained dominant in most treatments, their degree of dominance decreased 

in the group selection.  Prior to harvest, oak RBA was 58% and RD was 31% in this 

treatment, while oak RD following harvest was only 17.6%.   

Red maple was only a minor component of the overstory in most pre-harvest 

stands, but it increased its presence in all the treatments following harvest.  In the clearcut 

and shelterwood, red maple was not present pre-harvest, but was 5 and 15% of the D/CD 

regeneration.  In the leave tree and commercial clearcut treatments, red maple was only 

3-4% of pre-harvest BA, but was 36 and 15% of D/CD regeneration.  Red maple RD 

increased the most in the group selection treatment;  pre-harvest RD was 28% while post-

harvest RD was 70%. 

  Sourwood also increased its presence the treatments.  Prior to harvest, sourwood 

comprised 0-13% of the RD and increased to 1-22% of RD in the post-harvest stands 

(Table 8).  In contrast, blackgum declined in importance following harvest.  It comprised 

15-25% of the RD in the pre-harvest stands, but no more than 7% of the RD in all post-

harvest treatment areas.  
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BB2-Blacksburg, VA 

 The D/CD regeneration in the five treatment areas was dominated by oak species, tulip 

poplar, red maple and sourwood (Table 9).  The leave tree treatment had the highest RD of oak 

(43%) and the commercial clearcut had the lowest (7%).  Chestnut oak was the most abundant 

oak species, followed by small components (RD=2-5%) of white and black oak.  Scarlet and 

northern red oak not a significant component of the stands. 

 Tulip poplar had the highest RD after oak (Table 9).  Although its presence varied greatly 

among the treatments, it was very abundant in the commerical clearcut and shelterwood 

treatments (RD=50, 25%, respectively), moderately abundant in the clearcut (RD=10%) and 

relatively scarce in the leave tree and group selection treatments (RD=1, 2% respectively).  Red 

maple was a moderate component in all of the treatments.  Red maple’s RD ranged from 8% in 

the clearcut to 16% in the leave tree treatment.  Other commercial species like the hickories and 

cucumbertree were present in very small amounts (RD=1-5%) in most treatments.   

Sourwood was the most abundant non-commercial species (Table 9).  Sourwood 

regeneration was relatively important in most treatments (RD=15-23%) with the exception of the 

commercial clearcut.  Blackgum was present in very small amounts (RD=1-4%) in most 

treatments.  Other non-commercial species, comprised mostly of sassafras, were quite abundant 

(RD=20-30%) in all of the treatment areas.
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Table 9.  Relative basal area (RBA)1 and relative density (RD)2 of the pre-harvest overstory and the RD of the 4-year 
post-harvest, dominant/codominant (D/CD) regeneration (stems>1ft.tall) at the BB2 study site. 
 
      silv. clearcut  leave tree        comm. clearcut            shelterwood       group selection 

 

species 
RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

all Quercus spp.                72 30.9 23.4 75 32.5 43.0 65 23.9 7.3 45 16.8 10.3 47 26.2 25.0
Quercus alba 8               5.0 5.9 0 0.0 0.0 17 4.8 2.4 1 0.2 1.5 10 3.9 7.9

Quercus coccinea 3               1.1 1.0 0 0.0 0.7 0 0.0 0.8 0 0.0 0.0 0 0.0 0.0

Quercus prinus 31               15.1 10.2 56 24.6 39.4 25 11.3 0.8 36 12.8 7.4 32 17.4 11.6

Quercus rubra 0               0.0 0.5 0 0.5 0.0 15 4.1 0.0 2 0.9 0.0 5 4.9 2.4

Quercus velutina 30               9.7 5.9 19 7.4 2.8 8 3.7 3.3 6 2.9 1.5 0 0.0 3.0

Acer rubrum 11               18.9 7.8 5 8.6 16.2 6 26.9 9.8 8 16.5 8.8 7 12.8 12.2

Acer saccharum 0               0.0 0.0 0 0.0 0.0 3 7.3 0.0 0 0.0 0.0 6 9.5 0.0

Betula lenta 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 1.0 0.0 0 0.4 0.0

Carya spp. 1               2.8 2.0 8 6.6 0.7 2 10.5 0.8 3 3.7 2.2 5 5.9 1.2

Fagus grandifolia 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Liriodendron tulipifera 0               1.4 9.8 0 1.6 1.4 15 8.3 49.6 9 12.4 25.0 14 17.3 1.8

Magnolia spp. 0               0.5 0.0 0 0.0 0.0 2 1.3 1.6 0 0.8 0.0 6 10.4 6.7

Nyssa sylvatica 1               3.0 1.5 1 3.0 0.0 1 6.0 0.8 22 10.0 4.4 7 4.5 1.2

Oxydendrum arboreum 13               35.0 22.9 9 40.0 16.2 5 8.0 2.4 12 30.0 16.9 2 5.5 15.2

Pinus strobus 1               3.0 0.0 1 4.3 1.4 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Prunus serotina 0               0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

various spp.a 
1               4.6 32.7 0 3.5 21.1 1 13.9 27.7 2 8.8 32.1 6 7.5 36.6

 100               100.0 100.0 100 100.0 100.0 100 100.0 100.0 100 100.0 100.0 100 100.0 100.0

1-   RBAi = BAi / total BA     where i = ith species 
2-   RDi    = (stems/ac.)i / (total stems/ac.)  where i = ith species 
 
a-   Sassafras albidum, Amelanchier arboreum, Castanea dentata, Cornus florida, Ailanthus altissima, Paulownia tomentosa 
(listed in order of importance).
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Most of the treatments did not result in a large shift in species composition at this site 

(Table 9).  The RD of oaks in the pre-harvest stands were similar to the pre-harvest RD 

values.  Oaks RD in the pre-harvest stands ranged from 17% in the shelterwood to 

32% in the leave tree treatment area. Following cutting, oaks RD ranged from 10% in the 

shelterwood to 43% in the leave tree treatment.  The greatest decrease in oak importance 

was in the commercial clearcut, where oaks were 24% of pre-harvest RD and only 7% of 

post-harvest RD. 

 Species composition within the oak component remained relatively unchanged.  

Chestnut oak is the dominant oak species in the pre-harvest stands, and accounts for the 

majority of oak regeneration in the treatments.  In contrast, northern red oak was a small 

part of most pre-harvest stands, but was not present in the D/CD regeneration of the 

commercial clearcut and shelterwood treatments.  White oak and black oak both maintain 

their position as a small to moderate part of the treatments, with RDs decreasing only 2-

3% from pre-harvest levels. 

 Tulip poplar increased its presence in most stands at this site.  It was a minor 

component in all pre-harvest stands, comprising  1-17% of the RD, and 0-15% of the 

RBA (Table 9).  Prior to harvest, poplar was not present in the silvicultural clearcut and 

leave tree treatments, but was 10 and 1% of the D/CD regeneration in the same 

treatments.  Tulip poplar had the highest RD in the commercial clearcut and shelterwood 

stands (50, 25% respectively).  These same treatments also had a relatively large poplar 

component prior to harvest (RD=8, 12% respectively).  In the group selection, poplar was 

a moderate component pre-harvest (RD=14%), but was only 2% of D/CD regeneration. 
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Red maple’s importance remained relatively unchanged in most of the treatments (Table 

9).  It was 7-26% of the RD in the pre-harvest stands, and was 7-16% of the D/CD 

regeneration.  Red maple decreased in importance in the commercial clearcut, where it 

was 27% of pre-harvest RD but only 10% of the post-harvest RD.  Sourwood declined in 

all treatments following harvest. 

 Sourwood declined in all treatments following harvest, with the exception of the 

group selection, but was still a small to moderate component (RD=2-22%) in all stands.  

Other non-commercial species, which was mostly sassafras, were quite abundant, 

comprising 20-30% of the RD in all stands. 

 

 CL2-Norton, VA 

 The D/CD regeneration in the four treatment areas was dominated by red maple, 

cucumbertree, fraser magnolia, and various non-commercial species (Table 10).  The 

commercial clearcut and the silvicultural clearcut were the only two treatments to have 

any D/CD oak regeneration (RD=17, 7%).  In this treatment, northern red oak was the 

most abundant oak species (RD=4, 15%), followed by a smaller component of chestnut 

oak (RD=1, 3%).  White oak, black oak, and scarlet oak were not present in the D/CD 

regeneration at this site. 

 Red maple shared dominance of the regeneration with the magnolia species 

(mostly Fraser magnolia).  Both red maple and the magnolias were moderately abundant 

in all treatments (RD=18-33%; Table 10).  Tulip poplar was a smaller portion of the  

 82



Table 10. Relative basal area (RBA)1 and relative density (RD)2 of the pre-harvest overstory and the RD of the 4-year post-
harvest, dominant/codominant (D/CD) regeneration (stems>1ft.tall) at the CL2 study site. 
 
                                     silv.clearcut   leave treeb           comm. clearcut            shelterwood           group selection 

species 
RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

RBA 
pre 

RD 
pre 

RD 
post 

all Quercus spp. 70 24.9 7.1      49 13.2 16.7 64 18.2 0.0 33 11.0 0.0 
Quercus alba 15 4.1 0.0      12 2.5 0.0 0 0.0 7 5.5 0.0 

Quercus coccinea 0 0.3 0      0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 
Quercus prinus 28 12.3 3.1      14 4.9 1.5 17 8.9 0.0 13 2.0 0.0 
Quercus rubra 13 5.0 4.2      20 3.8 15.2 47 9.3 0.0 13 3.5 0.0 

Quercus velutina 14 3.1 0.0      3 2.1 0.0 0 0.0 0.0 0 0.0 0.0 
Acer rubrum 17 23.1 25.5      9 32.7 19.7 27 59.7 33.3 39 45.0 28.8 

Acer saccharum 0 0.0 0.0      0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 
Betula lenta 0 0.0 0.0      0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 
Carya spp. 1 0.5 0.0      7 3.3 0.0 0 0.0 0.0 4 4.0 0.0 

Fagus grandifolia 0 0.0 0.0      0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 
Liriodendron tulipifera 0 0.0 9.2      11 4.5 10.6 0 0.0 6.7 0 0.0 2.5 

Magnolia spp. 2                21.2 18.4 4 22.3 33.3 0 0.0 26.7 0 2.5 20.0
Nyssa sylvatica 0 2.0 0.0      1 6.0 0.0 0 3.0 0.0 0 0.0 0.0 

Oxydendrum 
arboreum 6 13.0 12.3      13 9.0 3.0 7 8.0 2.1 23 21.0 16.2 

Pinus strobus 0 0.0 0.0      0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 
Prunus serotina 0 0.0 0.0      0 0.0 0.0 0 0.0 0.0 0 0.0 1.3 

various spp.a 
3 15.2 27.5       3 9.0 16.6 2 11.1 31.1 2 16.5 31.2 

 100 100.0 100.0       100 100.0 100.0 100 100.0 100.0 100 100.0 100.0 

0.0 

 
1-   RBAi = BAi / total BA     where i = ith species 
2-   RDi    = (stems/ac.)i / (total stems/ac.)  where i = ith species 
 
a- Castanea dentata, Sassafras albidum, Acer pennslyvanicum, Amelanchier arboreum, Robinia pseudoacacia  (in order of 
importance). 
b- data not included due to improper treatment application 
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regeneration in all the treatments.  Poplar’s RD ranged from 3% in the group selection to 

10% in the commercial clearcut. 

 Sourwood was the most abundant non-commercial species, but was still a small 

component in all treatments (Table 10).  Sourwood’s RD ranged from 2% in the 

shelterwood treatment to 16% in the group selection treatment.  Other non-commercial 

species (mostly American chestnut), were a moderate to significant part of the treatments, 

with RD’s ranging from 16% in the commercial clearcut to 31% in the group selection 

treatment. 

 Most of the treatments resulted in large shifts in species composition at this site.  

The pre-harvest stands were dominated by both oaks and red maple, with a moderate 

component of sourwood and magnolia in the mid/understory (Table 10).  The oak species 

and red maple were reduced in importance from their pre-harvest levels, while magnolias, 

tulip poplar and other non-commercial species increased in importance. 

As a group, oaks representation in the new stands decreased in three of the four 

treatments (Table 10).  Oaks were a substantial component of all treatments (RBA=33-

70%, RD=11-25%).  However, D/CD oak regeneration was not present in the 

shelterwood and group selection treatments, and was much reduced in the silvicultural 

clearcut (RD=7%). Oak maintained its importance only in the commercial clearcut (from 

RD=16% to 13%). 

 The regeneration of individual oak species was variable among the treatments.    

White oak and black oak were each a small part of most pre-harvest stands but neither 

species was present in the D/CD regeneration of any treatment (Table 10). Chestnut oak 

was a small to moderate component of all pre-harvest stands (RBA=13-28%, RD=2-
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12%),but  decreased in importance in all treatments (RD=0-3%).  Northern red oak 

increased in importance in the commercial clearcut, maintained its importance in the 

silvicultural clearcut, and decreased in the shelterwood and group selection treatments. 

The predominant magnolia species at this site, Fraser magnolia, became an 

important part of the regeneration in several treatments (Table 10).  Pre-harvest, 

magnolias were non-existent in the shelterwood stand, were only 1-4% of the BA in other 

stands, but were a significant part of the understory in some stands (RD=20-22%).  Post-

harvest, magnolias were 18-33% of the D/CD regeneration in all of the treatments.   

 Red maple was a substantial to dominant component of the pre-harvest stands 

(Table 10), and decreased slightly in importance in the regnerating stands.  Red maple 

maintains its importance in the silvicultural clearcut, but decreases in importance in the 

commercial clearcut, shelterwood and group selection treatments.  In the group selection 

treatment, red maple decreased in dominance, but only slightly; it went from 38% of the 

pre-harvest BA to 29% of the D/CD regeneration. 

 Sourwood decreased in importance in most stands while other non-commercial 

species, mostly American chestnut and sassafras, greatly increased in all stands. 

  

WV1-Mill Creek, WV 
  
 The D/CD regeneration in the four treatment areas was dominated by red maple, 

black birch, black cherry, and non-commercial species, including fire cherry (Prunus 

pennsylvanica L.f.) and striped maple (Acer pennsylvanicum L.) (Table 11).  The  
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Table 11.  Relative basal area (RBA)1 and relative density (RD)2 of the pre-harvest overstory and the RD of the 4-year 
post-harvest, dominant/codominant (D/CD) regeneration (stems>1ft.tall) at the WV1 study site. 

 
silv.clearcut   leave tree        comm. clearcutb            shelterwood       group selection 

species 
RBA 
pre 

RD 
pre 

RD 
post  

RBA 
pre 

RD 
pre 

RD 
post  

RBA 
pre 

RD 
pre 

RD 
post  

RBA 
pre 

RD 
pre 

RD 
post  

RBA 
pre 

RD 
pre 

RD 
post  

all Quercus spp.                  36 14.1 1.4 30 4.5 0.0 40 9.9 8.8 49 20.6 9.7
Quercus alba 0                 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Quercus coccinea 0                 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Quercus prinus 9                 3.7 0.7 21 2.1 0.0 13 2.2 0.0 12 5.6 1.8
Quercus rubra 27                 10.4 0.7 8 2.4 0.0 27 7.7 8.8 37 15.0 7.9

Quercus velutina 0                 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Acer rubrum 37                 36.0 24.8 10 11.1 10.5 12 27.6 22.6 15 19.0 18.2

Acer saccharum 2                 11.2 2.1 2 4.8 1.9 1 6.5 0.7 0 2.4 0.0
Betula lenta 0                 3.8 22.7 5 2.3 41.4 0 7.1 7.3 7 5.7 29.1
Carya spp. 0                 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

Fagus grandifolia 3                 13.7 0.0 28 32.8 14.8 1 4.0 0.7 19 39.6 7.9
Liriodendron tulipifera 0                 0.9 2.8 12 1.7 1.9 17 6.1 5.8 1 0.9 1.8

Magnolia spp. 12                 11.7 7.8 7 1.8 0.0 25 28.3 12.4 4 3.9 5.5
Nyssa sylvatica 0                 0.0 0.0 0 0.0 0.0 0 1.0 0.0 0 0.0 0.0

Oxydendrum 
arboreum 0                 0.0 0.0 0 0.0 0.0 0 0.0 0.0 4 1.0 2.4

Pinus strobus 0                 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Prunus serotina 8                 3.4 17.7 4 2.5 6.8 3 3.6 38.7 0 0.0 20.6

various spp.a 
2                  5.3 20.6 4 38.5 22.8 1 5.9 2.9 1 6.8 4.9

 100                  100.0 100.0 100 100.0 100.0 100 100.0 100.0 100 100.0 100.0
 
1-   RBAi = BAi / total BA     where i = ith species 
2-   RDi    = (stems/ac.)i / (total stems/ac.)  where i = ith species 
 
a-  Prunus pennsylvanica, Acer pennsylvanicum, Castanea dentata, Robinia pseudoacacia (listed in order of importance) 
b- treatment not present at this site.
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silvicultural clearcut, shelterwood and group selection treatments had a small component of 

oak (RD=1, 9, 10%) and the leave tree treatment had no D/CD oak regeneration.   

 Red maple, black birch, and black cherry were equally large components of the 

treatments.  These species accounted for 59-69% of the D/CD regeneration in the four stands 

(Table 11).  Red maple regneration was moderately abundant in the silvicultural clearcut, 

shelterwood and group selection (RD=25, 23, 18%) and more scarce in the leave tree 

treatment (11%).  Black birch regeneration was abundant to moderately abundant in the leave 

tree, group selection and silvicultural clearcut (RD=41, 29, 23%), but scarce in the 

shelterwood treatment (7%).  Black cherry regeneration was abundant to moderately abundant 

in the shelterwood, group selection and silvicultural clearcut (RD=39, 21, 18%), but scarce in 

the leave tree treatment (7%). 

Sourwood and blackgum D/CD regeneration was present in only the group selection 

treatment, where sourwood was a very minor component (RD=2%; Table 11).  However, 

other non-commercial regeneration was quite abundant in some stands.  This category, 

comprised mostly of fire cherry and striped maple, was 21-23% of the regeneration in the 

silvcultural and commercial clearcuts, and was 3-5% of the regeneration in the shelterwood 

and group selection treatments. 

 All of the treatments resulted in a large shift in species composition.  The pre-harvest 

stands were dominated by oaks, red maple, with substantial components of smaller magnolia 

and American beech trees in some stands (Table 11).  Oaks, as a group, declined significantly 

in most treatments following harvest.  Black cherry and black birch significantly increased in 

importance as a result of the treatments.  Red maple maintained it’s position as a moderate 
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part of most stands.  Magnolias were unchanged or slightly decreased in importance in the 

treatments. 

 As a group, oaks declined a large amount in the silvicultural clearcut and group 

selection treatments, and were not present in the D/CD regeneration of the leave tree 

treatment (Table 11).  Both oak species present at this site decreased following the treatments.  

Chesnut oak essentially did not regenerate at this site; its highest RD was 1.8% in the group 

selection treatment, and was not present in the D/CD regeneration of the leave tree and 

shelterwood treatments.  Northern red oak was virtually non-existent (RD<1%) in the 

silvicultural clearcut and leave tree treatments, maintained its importance in the shelterwood, 

and declined somewhat in the group selection.  

Black cherry increased in importance in all four treatments.  It was non-existent in the 

pre-harvest group selection stand, but was 21% of the regeneration in this treatment.  It was 

only a small component prior to harvest in the other three treatments (RBA=3-8%, RD=2-

4%), but was a substantial part of the regeneration in the silvicultural clearcut and 

shelterwood stands.   

 Black birch also increased in importance in all four treatments (Table 11).  In the 

clearcut and shelterwood treatments, was only a small part of the RBA and RD, but was 23 

and 7% of the D/CD regeneration in these stands.  Black birch was a small part of the leave 

tree and group selection pre-harvest stands (RD=5-7%), and was 41 and 29% of the D/CD 

regeneration, respectively. 

 Red maple maintained its importance in the leave tree, shelterwood and group 

selection treatments (Table 11).  It was a small to moderate component of these stands both 
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pre-harvest and post-harvest (RD=10-20%).  Red maple slightly decreased in importance in 

the silvicultural clearcut; it was 36% of the pre-harvest RD but only 25% of the regeneration 

RD.  

 Magnolias, primarily Fraser magnolia, were present in moderate amounts (RD>5%) in 

three treatments prior to harvest, maintained their importance in two treatments (silvicultural 

clearcut and group selection), but decreased in importance in the shelterwood treatment 

(Table 11).   

Sourwood and blackgum were only a very small component of some pre-harvest 

stands, and remained a unimportant in the treatments.  Sourwood was present in the D/CD 

regeneration only in the group selection (RD=2%) and blackgum was not present in the D/CD 

regeneration in any stand.  Other non-commercial species, comprised mostly of fire cherry 

and striped maple, increased their presence in the silvicultural clearcut and leave tree 

treatments, and remained a small component in the shelterwood and group selection 

treatments (RD=3-5%).    

 

Statistical comparison of post-harvest regeneration  

Analysis of variance/covariance 

Analysis of covariance using PROC MIXED (SAS Institute, Cary, NC) revealed that 

the number of oak trees cut in each shrub plot (OAKSCUT) and the pre-harvest oak RBA 

(OAKSRBA) were significantly related (α=.10) to several oak response variables.  Therefore, 

Global significance tests and means separations of oak response variables were performed, 

and are presented here, using the ANCOVA analyses results (Table 12).   
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The ANOVA and ANCOVA analyses of several important response variables shows a 

consistent pattern: that there were significant “site” (block) effects but no significant 

treatments effects (Table 12). Therefore, tree regeneration density and all oak regeneration 

variables were significantly were different among sites, but not different among the 

treatments. 

 
Table 12.  Results of the Global ANCOVA tests of site (block) and treatment effects for 7 
regeneration response variables.  P-values of ≤.10 were considered significant. 

 all 
regen 

/ac 

all oaks/ac D/CD 
oaks/ac 

all oaks RD D/CD oaks 
RD 

covariate 
name 

none PRE_OAK 
RBA 

PRE_OAK 
RBA 

PRE_OAK 
RBA 

OAKSCUT 

Site  .03 .007 .16 .002 .005 
Treatment .79 .17 .88 .17 .96 

covariate -- .003 .06 .0008 .01 

 
 

Tree regeneration 

 The density of tree regeneration ranged from 10,000 stems/acre at NC, the lower 

quality site, to 22,900 stems/acre at BB2, an intermediate quality site (Table 13).  BB2 had 

significantly more tree regeneration than the three other sites.  These remaining sites all had 

the same amount of tree regeneration.  Tree regeneration among the treatments was not 

statistically different, and the treatments ranged from 12,000 stems/acre in the silvicultural 

clearcut to 17,900 stems/acre in the commercial clearcut (Table 14). 
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Table 13.  Characteristics of the regeneration population at the four study sites, 4 years 
post-treatment (LSmeans within a column followed by the same letter are not 
statistically different, α=.10). 

 all 
regen/acre 

(thousands) 

all oaks/acre 
(thousands) 

D/CD 
oaks/acre 

(thousands) 

all oaks 
relative density 

D/CD oaks relative 
density 

covariate none OAKS 
RBA 

OAKS 
RBA 

OAKS 
RBA 

OAKSCUT 

NC 10.0  a 5.1  bc 1.0   a 54    c 48   c 

BB2 22.8  b 7.1  c  0.5    a 32   b 23   b 
 

CL2 
 

13.7  a 4.4  b  0.04  a 27   b 6    a 

WV1 
 

12.7  a 1.2  a   0.1   a 9    a 6    a 

 

 

 

Table 14.  Characteristics of the regeneration population in the five silvicultural 
treatments, 4 years post-treatment (means within a column followed by the same letter 
are not statistically different, α=.10). 
 all 

regen/acre 
(thousands) 

all 
oaks/acre 

(thousands) 

D/CD 
oaks/acre 

(thousands) 

all oaks 
relative 
density 

D/CD oaks 
relative density 

clearcut 
 

12.1  a 4.2   a 0.6  a 32  a 27  a 

leave tree 
 

13.7  a 5.1  a 0.4  a 36  a 24  a 

comm. 
clearcut 

17.9  a 2.3  a 0.4  a 19  a 23  a 

shelterwood 
 

15.4  a 6.5  a 0.3  a 39  a 17  a 

group 
selection 

15.0  a 4.4  a 0.4  a 27  a 13  a 

 

Oak regeneration 

 The density of all oak regeneration ranged from 1,172 stems/acre at WV1,the highest 

quality site, to 7,100 stems/acre at BB2, an intermediate quality site (Table 13).  BB2 had a 
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statistically higher oak regneration density than all other sites.  NC and CL2 had equivalent 

amounts, and both had more oak regneration than WV1 (Table 13). The densities of all oak 

regeneration in the treatments were not statistically different, ranging from 2,300 stems/acre 

in the commercial clearcut to 6,500 stems/acre in the shelterwood (Table 14).   

 The density of D/CD oak regeneration ranged from 40 stems/ac at CL2, an 

intermediate quality site, to 1,000 stems/acre at NC, the lower quality site (Table 13).  NC 

BB2, CL2 and WV1 all had the statistically same number of D/CD oak stems.  D/CD oak 

densities among the treatments were not statistically different, ranging from 300 stems/acre in 

the shelterwood to 600 stems/acre in the silvicultural clearcut (Table 14). 

 The relative density of all oak regeneration ranged from 9% at WV1, the highest 

quality site, to 54% at NC, the lowest quality site (Table 13).  The two intermediate quality 

sites had oak RDs in between, approximately 30% each.  WV1 had a statistically lower oak 

RD than all other sites, while NC had a statistically higher RD than all other sites.  The two 

intermediate sites were not statistically different from each other in terms of oak regeneration 

RD.  The RDs of all oak regeneration in the treatments were not statistically different, ranging 

from 19% in the commercial clearcut to 39% shelterwood (Table 14). 

 The relative density of D/CD oak regeneration ranged from 6% at WV1 and CL2, to 

48% at NC, the lowest quality site (Table 13).  NC had a statistically higher oak RD than all 

other sites.  Two sites, WV1 and CL2, both had the statistically lowest oak RD.  The 

intermediate quality site BB2 was in between; it was statistically lower than NC, but higher 

than WV1 and CL2.  The RDs of D/CD oak regeneration in the treatments were not 
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statistically different, ranging from 13% in the group selection to 27% in the silvicultural 

clearcut (Table 14).   

 In comparing the relative density of oaks in the pre-treatment and post-treatment 

stands, all four sites had a lower oak RD (Table 15).  The NC and BB2 sites had a small 

average decrease in oak RD, with 8 and 3%, respectively while the CL2 and WV1 sites had a 

larger average decrease in oak RD, with 61 and 36%, respectively.  The decrease in oak RD 

was statistically equivalent among the four sites. 

Table 15.  The relative density of pre-harvest oak trees, of dominant/codominant oak 
regeneration, and the average change in oak relative density (based on the LSmeans) at 
the four study sites.  The relative density values were previously reported in Tables 6 
and 13. 
 
 site pre-harvest oak RD post-treatment oak RD average % 

change 
 
 NC 61   c 48   c -8     a 

 
 BB2 28   bc 23   b -3     a 

 
 CL2 18   ab 6   a -61     a 

 
 WV1 8   a 6   a -36     a 

 
 

Description of post-harvest stand environment 

Residual basal area and light levels 

The variation of residual basal area within some treatments was quite large (Fig.12).  

The silvicultural clearcut was the most uniform; all plots had under 20ft2/acre of residual BA.  

In the leave-tree treatment, the residual basal area ranged from 0 to 40ft2/acre, with most plots 

between 10 and 35ft2/acre.  In the commercial clearcut treatment, with one exception, all plots 
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were between 10 and 50ft2/acre.  In the shelterwood treatment, the residual basal area ranged 

from 17 to 110 ft2/acre, with most plots between 20 and 60ft2/acre.  In the  group selection 

treatment, the residual basal area ranged from 0 to 60ft2/acre, with almost all plots under 

40ft2/acre. 

 Gap Light Index (GLI) at the top of the regenerating canopy was determined using 

hemispherical photographs.  GLI combines direct and diffuse solar radiation reaching a point, 

reporting this value as a percent of full sunlight.  GLI values within a treatment were quite 

variable (Fig.13).  Most GLI values in the commercial clearcut, leave tree and shelterwood 

treatment ranged from full sunlight conditions (100%) to approximately 20% light.  GLI 

values in the group selection had a similar range, but were more heavily distributed in the 

higher light levels.  GLI values in the clearcut were almost all above 90%, and ranged from 5-

45% light in the control (Fig. 13).  A simple linear regression analysis of GLI and residual 

basal area shows the two variable are significantly related (p<.0001, r2=.41). 

 

Soil moisture and available nitrogen 

Soil water content data was obtained only from the NC and BB2 sites (Fig.14), and 

comparisons were made using data from Julian days 210-219, 2001.  The amount of 

precipitation received by each site in the months preceeding sampling was equivalent, 

approximately 3 inches in the preceeding 2 months (NOAA, 2001).   

 At BB2, the group selection had the highest initial soil water content, and maintained 

the highest level throughout the drawdown period (Fig.14).  The five treatments at this site all 

lost 7-12% volumetric water content over the course of the 16 day drawdown period.   
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Figure 12.  The residual basal area (ft2/acre) in the 5 silvicultural treatments and 
control, 1 year post-harvest.  Values are presented for each individual shrub plot within 
a treatment. 
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Figure 13.  Gap Light Index (% of full sunlight) in each of the 5 silvicultural treatments 
and the control. Values are presented for each individual shrub plot within a treatment. 
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At NC, the soil water content was essentially the same among the treatments at the beginning 

of the sampling period, and continued to be the same throughout the drawdown period.  The 

volumetric soil water content appeared to be slightly higher at BB2 than at NC. 

In a given treatment, the available nitrogen levels among the sites were highest at 

WV1 and were lowest at NC, with BB2 and CP70 having intermediate values (Fig.15).  At a 

given site, available nitrogen levels among the treatments differed, but not in any systematic 

way.  

 

Statistical comparison of post-harvest stand environment 

Residual basal area and light levels 

 The residual overstory basal area of the treatments was statistically different (p=.001) 

and approximated the levels specified in the treatment descriptions (Table 16).  The 

silvicultural clearcut has only 3 ft2/acre, while the leave-tree, commercial clearcut and group 

selection treatments all had between 20 and 30 ft2/acre of residual basal area.  The 

shelterwood, at 51 ft2/acre, has the most residual basal area of any regeneration treatment 

(Table 16). 

 Light levels, presented here as GLI, were highest in the silvicultural clearcut (97%) 

which was statistically higher than all other treatments except the group selection (90%; Table 

16).  GLI values were statistically lower in the leave tree, commercial clearcut, and 

shelterwood treatments, which were equivalent to each other (60-74%). 
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Figure 14.  Volumetric soil water content following rain events at the BB2 and NC sites 
during the summer of 2001. 
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Figure 15.  Parts per million of available nitrogen (NO3
- + NH4

+) in each treatment four 
years after harvest at the four study sites. 
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Table 16.  Residual basal area (ft2/ac.) and GLI of the 5 silvicultural treatments 1 year 
post-harvest (means within a row followed by the same letter are not considered 
different, α=.10). 
 

treatment clearcut leave-tree commercial 
clearcut shelterwood group 

selection 
mean resid.BA 

(ft2/ac.) 3 a 23 b 27 b 51 c 20 b 

mean GLI 
 (% of full sun) 97 c 74  ab 75  ab 60  a 90 bc 

 
 
Soil moisture content and available nitrogen 
 
 Initial soil moisture conditions did vary by site (p=.007) but not by treatment (p=.23; 

Table 17).  BB2 had higher initial volumetric soil water content, but also had a higher rate of 

water loss.  BB2 did lose more soil water (4.1 %) than the NC site (2.9%) 2 days after the rain 

event, but the difference was not statistically significant (p=.18).  However, 8 days after the 

storm event, the soil moisture loss was significantly greater (p=.03) at BB2 (7.4%) than at NC 

(5.1%).  Soil moisture loss during this time period did not differ among the treatments 

(p=.46), but ranged from 5.5% in the shelterwood to 7.4% in the silvicultural clearcut. 

 
Table 17.  Soil volumetric water content on the NC and BB2 sites following a storm 
event.  Lowercase letters refer to comparisons of absolute MC between sites.  Uppercase 
letters refer to comparisons of MC loss between sites.  Numbers within a column 
followed by the same letter were not statistically different (α=.10). 

 Initial MC MC-Day 2 (MC loss) MC-Day 8 (MC loss) 

NC 22.6 ± 1.0  b       18.5  b          (4.1)   A 15.2  b        (7.4 ) B 

BB2 15.1 ± 1.0  a       12.2  a          (2.9)   A 10.0  a        (5.1)  A 
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 Inspection of water loss in individual treatments at a site was not statistically valid, but 

can shed light on the overall ANOVA results.  At each site, the soil moisture trends over time 

were parallel among treatments (Fig.14).  At BB2, initial conditions were somewhat different 

among treatments, but the rate of water loss over time was the same; the graphs of treatment 

water content loss have different intercepts but the same slope.  At NC, the initial soil 

moisture content among treatments was very close, and remained so during the drawdown 

period. 

The available nitrogen index (NO3
- + NH4

+)  did differ among the sites (p=.0001), but 

not the treatments (p=.57).  The WV1 site had the highest value, 9.7ppm, and was 

significantly higher than the other three sites (Table 18).  The treatments, while statistically 

equivalent, ranged from 2.7ppm in the leave tree to 5.4ppm in the group selection. 

 
Table 18.  Index of available nitrogen at the four study sites, 4 years post-harvest 
(LSmeans followed by the same letter are not significantly different, α=.10). 
 

site NC BB2 CL2 WV1 
ppm (NO3

- + NH4
+) 

± std. error 1.47 ± .86  a 1.90 ± .83  a 3.43 ± .89  a 9.72 ± .82  b 

 

 

Regression analysis 

     D/CD oak regeneration relative density 

A square root transformation of  D/CD oak regeneration RD was necessary, due to 

non-constant variance. The normality and constant variance assumptions for the transformed 

variable were valid (Shapiro-Wilk=.35).   
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The most important variables that explain oak regeneration dominance at the four 

study sites were: the preharvest RBA of oak, the number of oak trees cut in each shrub plot, 

the density of large, advanced oak seedlings, the post-harvest light levels, the index of 

available nitrogen and the amount of residual oak basal area (Table 19).   The final model 

chosen for this transformed response variable had seven regressors. 

Several of the top models reduced down to this model, after removing collinear and 

non-significant variables.  This model had a normal residual plot analysis, constant variance, 

accounted for the most variation in D/CD oak regeneration relative density (r2=.56 ), had the 

lowest PRESS statistic of any model (5.92), and no VIF values >10.  The model had no 

collinearity problems despite the fact that INDEX1OAKOAK and RESID_OAKBA were 

highly correlated (Table 20).  

Table 19.  The list of variables used in MLR model of D/CD oak regeneration relative 
density at all four study sites. 

Name Variable description 

PRE_OAKRBA oak relative basal area prior to harvest 

PRE_OAKREGEN # large, advanced oak 
regen. stems 

OAKSCUT # oak trees cut 

NITRO available nitrogen 
(ppm NO3

- + NH4
+) 

GLI % of total light 

RESID_OAKBA residual oak BA 

INDEX1OAKOAK index of oak residual overstory density 
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Table 20.  Pearson correlation coefficients of the seven variables in the final model of 
dominant/codominant oak regneration. 
 
variable PRE_ 

OAKRBA 
PRE_ 

OAKREGEN 
OAKSCUT NITRO GLI RESID_ 

OAKSBA 
INDEX1 

OAK 

PRE_OAKRBA 1.00 -0.09 0.46 -0.46 0.10 0.13 0.09 

PRE_OAKREGEN -0.09 1.00 -0.18 -0.02 -0.19 0.17 0.14 

OAKSCUT 0.46 -0.18 1.00 -0.33 0.17 -0.03 0.05 

NITRO -0.46 -0.02 -0.33 1.00 -0.02 -0.13 -0.19 

GLI 0.10 -0.19 0.17 -0.02 1.00 -0.44 -0.42 

RESID_OAKSBA 0.13 0.17 -0.03 -0.13 -0.44 1.00 0.93 

INDEX1OAK 0.09 0.14 0.05 -0.19 -0.42 0.93 1.00 

 
 

The RBA of oak in the pre-harvest stand was positively correlated with oak regeneration RD 

(Table 21), as was the number of oak trees harvested, the amount of advanced oak 

regeneration, the index of residual stand overstory density, and the post-harvest light levels.  

The soil nitrogen index and the amount of oak residual basal area were negatively correlated 

with oak regeneration domainance.   

SLR analysis showed that the most important single variable in explaining oak 

regeneration dominance was OAKSCUT, the number of oak trees harvested in each shrub 

plot (r2 = .373; Table 3).  The OAKSCUT variable is also the biggest contributor to model r2 

(Table 21); over half of the explanatory power of the model comes from this variable. 
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Table 21.  Partial r2 contributions and coefficient estimates of individual variables in the 
regression model of D/CD oak regeneration relative density. 
 
                       Partial    Model 
    Variable           R-Square          R-Square   C(p)     Pr > F      Coefficient  

 
intercept        0.1735        -0.17379  
oakscut           0.3880  0.3880   38.1554    <.0001         0.10178 

    pre_oakrba       0.1008    0.4888   19.5453    <.0001         0.36909 
    index1oak          0.0351    0.5239   14.3632    0.0131         0.00498 
    resid_oaksba            0.0238    0.5477   11.5014     0.0364        -0.01033 
    pre_oakregen           0.0168    0.5644   10.0688     0.0738         0.00014 
    GLI                       0.0154    0.5799    8.9117  0.0826         0.20090 
.   nitro          0.0142    0.5941    8.0000     0.0917        -0.00955   
     0.5599 ( model adj. R-Square) 
 

 

 

V. Discussion 

Oak regeneration abundance and dominance 

Overall results 

 Oak regeneration was abundant at all sites, but not necessarily competitive; site 

averages of oak stems were all over 1000/acre, but the number of D/CD oak stems was much 

lower on three of the four sites (Tables 12,13).  The pattern of abundant but mostly 

uncompetitive oak regeneration in young stands has also been noted by Loftis (1983), Beck 

and Hooper (1986), Sander (1987), Johnson and others (1989) and Cook and others (1998). 

 In this study, two patterns about oak regeneration emerged that were consistent with 

the literature.  The first pattern, which was related to our first hypothesis, was that the ability 
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of oak species to dominate a regenerating stand was primarily a function of site quality.  The 

ANOVA and ANCOVA tests of oak regeneration variables consistently show that site effects 

were significant (Table 12).  The inverse relationship between oak regeneration dominance 

and site quality was well established in this study, therefore the first hypothesis was not 

rejected. The highest quality site in this study (WV1) had almost no D/CD oak regeneration 

while the lowest quality site (NC) had large quantities of D/CD oak regeneration.  This trend 

is also well-documented in the literature; Loftis (1989), Ward and Heiligmann (1990), Miller 

and Schuler (1995), Cook et al. (1998) and Johnson et al. (1998) are among those that 

examined treatments across a range of site qualities and found less competitive oak 

regeneration on higher quality sites. The replacement of oak in this study by other tree 

species, including red maple and tulip poplar, is also found in many other studies (Loftis 

1983, Beck and Hooper 1986, Loftis 1989, Dale et al. 1995, Miller and Schuler 1995).   

 The second pattern consistent with the literature was that the silvicultural treatments 

used in this study were not enough to overcome the site-specific limitations to oak 

regeneration.  The ANOVA tests of oak regeneration variables consistently show that 

treatment effects are not significant (Table 12).  Our second hypothesis predicted that oaks 

would be more dominant in the silvicultural systems with intermediate light levels (i.e. group 

selection, shelterwood), which have successfully regenerated oak stands in some studies 

(Johnson et al. 1989, Heiligmann and Ward 1993, Schlesinger et al. 1993). The second 

hypothesis was rejected as oak species relative density was not different among all treatments 

(p values=.17-.96; Table 12).  While not statistically different, the D/CD oak relative density. 
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in the silvicultural clearcut (27%), the treatment creating the most open conditions, was 

actually higher than the D/CD oak RD in the shelterwood (17%; Table 14).  

 There was no other study that compared multiple, replicated treatments, but a survey 

of the literature finds case studies that are useful for comparison purposes.  Heiligmann et al. 

(1985) found that oak species decreased in importance following a clearcut and several 

selection harvests.  In that study, the residual stands, with implied intermediate light levels, 

did nothing to improve the competitiveness of oak regeneration; the red maple component 

increased from pre-harvest levels in all but one selection treatment.  In comparing a clearcut, 

shelterwood, and group selection harvests on a medium quality site (oak SI50=65ft.), Hill and 

Dickmann (1988) found that all treatments were relatively unsuccessful at regenerating 

competitive oaks.  However, of the three treatments, the clearcut had the most competitive 

oak regeneration.    

The lack of large, advanced oak regeneration could have contributed to the decreasing 

importance of oak species following harvest on better quality sites. All pre-harvest treatment 

areas had approximately 200 or less large advanced oak stems/acre (Table 5), which is 

substantially less than the 435/acre recommended by Sander and co-workers (1976).  It is 

clear that without adequate advanced regeneration, oak species can consistently maintain their 

important position in treatments only on lower quality sites.  NC, the lowest quality site, had 

almost no large advanced oak regeneration, but oaks were more than 50% of D/CD 

regeneration in four of the five treatments (Table 8).  On intermediate quality sites, oaks can 

occassionally successfully regenerate, such as in the silvicultural clearcut and leave tree 
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treatments at BB2 (Table 9).  On high quality such as WV1, oak is unable to perpetuate itself 

following harvest unless adequate advanced oak regeneration exists (Table 11). 

 In the absence of adequate advanced oak regeneration, oak stump sprouting was the 

major factor controlling oak regeneration dominance.  Stump sprouts can provide a large 

amount of competitive regeneration; over half of the D/CD oak stems on all sites were stump 

sprouts (Fig.10). This is consistent with Cook and others (1998), who found that stump 

sprouting was a more important form of oak regeneration in the southern Appalachians than 

in other regions.  They reported a regional average of oak stump sprouting of approximately 

75%. Oak stumps sprouts in this study were also the most competitive type of oak 

regeneration.  As in other studies (McQuilkin 1975, Kays et al. 1984, Ross et al. 1986), oak 

stumps sprouts were much closer in height to the competing regeneration than were oak 

seedlings (Fig.11).   

 The regression analyses also point to stump sprouts as an important source of oak 

regeneration.  The number of oak trees cut in each shrub plot was significantly correlated 

(p<.0001) with D/CD oak RD and had the highest partial r2 value of any variable (r2=.388, 

Table 21).  In other words, oak regeneration success at a microplot level was linked to the 

number of oak trees cut at that point, which can be interpreted as a surrogate for the 

abundance of stump sprouts.  The MLR analysis of D/CD oak RD across all sites also 

indicated the important role played by stump sprouts.  The number of oak trees cut was still 

an important regressor in multiple regressor situations; no other variable explained away its 

significance.   
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 The D/CD stumps sprouts at NC and BB2 were well-distributed, originating from 175 

and 115 stumps/acre, respectively (Fig.10). Sprouting oak stumps at CL2 and WV1 were 

virtually non-existent, averaging only 3 and 18/acre, respectively.  These site averages 

reflected the pre-harvest relative density of oak species, with much higher numbers of pre-

harvest oak trees at NC and BB2 than at CL2 and WV1.  The sprouting stump averages also 

mirror the pattern of oak dominance at the sites, further indicating the important role of stump 

sprouting in successful oak regeneration. The number of sprouting oak stumps per acre is 

obviously limited by the number of oak trees present in the pre-harvest stand.  Therefore, the 

pre-harvest relative density of oaks becomes an important attribute in determing the post-

harvest performance of oak regeneration.  It is at this level that the differences in the pre-

harvest overstory begin to influence the regeneration, as previously mentioned in the covariate 

analysis description.  

 The true effects of the generic variable "site" come from many types of differences 

among the sites, three of which are readily apparent and impact stump sprouting.  Firstly, 

there were fewer oaks in the pre-harvest stands on CL2 and WV1, as shown in the pre-harvest 

oak relative density data (Table 6). The two sites with the least amount of dominant oak 

regeneration, CL2 and WV1, had the least number of pre-harvest oak stems and the lowest 

pre-harvest oak relative density.    

 Secondly, the pre-harvest oak component at NC was different than the other sites.  The 

forest at NC (oak SI50=60ft.) was slightly younger than all other sites (Table 1), and the pre-

harvest oak DBH distribution was much more heavily skewed towards pole-sized stems 

(Fig.6).  Both of these factors have been shown to promote stump sprouting; younger, smaller 
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oak stumps are much more likely to sprout than older, larger stumps (Johnson 1977, Weigel 

and Johnson 1998a).   

 Thirdly, while the harvest at each site was completed over several months, at the WV1 

site it was carried out completely during the growing season (Table 1).  At the other three 

sites, the harvesting was carried out in either the dormant season or only partially in the 

growing season.  The timing of the harvest at WV1 could partially explain a seemingly lower 

sprouting success; Kays et al. (1988) found lower sprouting levels following a growing season 

versus dormant season harvest. 

  The main effects of "treatment", not significant in any ANOVA analysis, were 

expressed mainly through the light levels they create for the regeneration.  Similarity of light 

levels among the treatments would result in similarity of regeneration.  The shelterwood 

treatment, as it was applied in this study, could be a source of variation in the analysis of oak 

regeneration.  The shelterwood prescription, as described in Loftis (1990) should leave 60% 

of initial basal area (IBA) on intermediate quality sites (oak SI50=70ft.) and 65% of IBA on 

good quality sites (oak SI50=80ft.).  In this study, the shelterwood treatment left an average of 

only 35% of the IBA on the low quality site, 40% on the intermediate sites, and only 13% on 

the good quality site.  Essentially, the shelterwood treatment left a residual stand density that 

was more similar to the leave-tree and commercial clearcut treatments than a true 

shelterwood. The open conditions of the shelterwood are reflected in the distribution of GLI 

values, which exhibits the same range as the leave-tree and commercial clearcut treatments 

(Fig.13), and whose mean is not statistically different from the more "open" treatments (Table 

16).   
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 The silvicultural treatments on average tended to create open environments.  Of 149 

plots located in the treatments, 103 had a residual basal area of <30ft2/acre and only 8 had a 

residual basal area of >60ft2/acre (excluding control; Fig. 12).  Research has shown that 

unless the residual basal area of a stand is above at least 30 ft2/acre, the regeneration will be 

essentially that of a clearcut (Smith 1976, Young et al. 1992, Miller and Schuler 1995).  The 

plots with a low residual BA (<30ft2/acre) were located in five different silvicultural 

treatments (Fig.12), but were all, in essence, experiencing close to full sunlight conditions.  It 

should not be surprising then, that these treatments all regenerated oak at equal levels (Table 

14).   

 Regression analyses can eliminate the confounding factors of treatment application 

and site differences and identify the underlying biological factors that are driving oak 

regeneration at the microsite scale. 

   

Regression 

 An adjusted r2 value of 0.56 indicates that the regression models developed here have 

adequately identified some of the independent variables that control oak regeneration. Loftis 

(1990a, 1990b) achieved similar r2 values (approximately 0.50) modeling individual oak 

regeneration stem performance in response to overstory removal.   

 The important variables that predicted oak regeneration dominance, as measured by 

D/CD oak RD, described all aspects of the oak component in the pre-harvest stand, the light 

levels in the post-harvest stand, and available soil nitrogen.  The amount of large, advanced 

oak regeneration was positively correlated with oak regeneration dominance.  The connection 
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of pre-harvest abundance to post-harvest performance is supported by the literature (Sander 

and Clark 1971, Sander et al., 1976, Loftis 1983).   

 The number of oak trees cut in each shrub plot (OAKSCUT), was in the D/CD oak 

regression model, and had a positive relationship with oak regeneration dominance. This 

variable had the highest partial r2 value of any variable in the model (Table 21); it alone was 

responsible for half of the explanatory power of the model   If OAKSCUT is viewed as a 

surrogate for stump sprouting, this is further evidence for the views asserted by Cook and 

others (1998) that that stump sprouting is a major force controlling oak regeneration in the 

southern Appalachians. 

The pre-harvest RBA of oak species had a positive relationship to the oak regeneration 

dominance.  The biological relevance of this variable would seem to be already captured in 

the amount of large advanced oak regeneration (PRE_OAKREGEN); the presence of oak 

trees in the pre-harvest stand should lead to greater oak advanced regeneration.  However, this 

variable was still significant in the presence of PRE_OAKREGEN in the model.  It is unclear 

then what this variable was describing. It could be that it was positively related to the density 

of advance oak regeneration of all size classes, which might not have been counted in 

PRE_OAKREGEN due to a height threshold (see sampling procedures).  If some of these 

small oak seedlings then became D/CD stems, it could explain the presence of this variable in 

the model. 

The post-harvest light level in each plot, reported here as GLI, had a positive 

correlation with oak regeneration dominance; oaks could compete better in more open 

environments.  The fact that D/CD oak regeneration RD was highest (but not significantly 
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different; Table 14) in the silvicultural clearcut is evidence to support this reasoning.  An 

alternative explanation is that the plots with a higher GLI had more cut oak stumps, and 

therefore more stump sprouts.  In this case light levels are not as important to oak 

regeneration.  The small partial r2 value of GLI suggests that the latter explanation may be the 

case.  It was not possible then in this study to determine the true effects of light on oak 

regeneration success; there were large numbers of oak stump sprouts, whose early 

development is relatively insensitive to light levels and is governed more by the parent tree 

condition (McGee, 1978). Additionally, correlations of light levels to oak seedling 

regeneration were not significant (p>.47). 

The amount of residual oak basal area, both in the standard measurement (ft2/acre, 

RESID_OAKBA) and the index (INDEX1OAK), was also significant in explaining oak 

regeneration.  While these variables were correlated with each other, they were not considered 

collinear (VIF<10). Both variables had a very low partial r2 contribution (.01 each, Table 21).  

The ft2/acre variable (RESID_OAKBA) was negatively correlated with D/CD oak RD.  The 

presence of this variable most likely relates back to light levels: the greater light levels created 

by a less dense residual overstory allow the vigorous oak sprouts to take advantage of the 

growing space following harvest.  

The oak residual index (INDEX1OAK) had a positive relationship to oak regeneration 

dominance.  INDEX1OAK differs from the residual BA variable by taking into account the 

distance to each residual tree.  At a given level of residual basal area, a sample plot has a 

higher oak INDEX1OAK value if the oak trees are close to the plot center.  In this case, the 

residual oak trees likelihood of contributing seeds and therefore seedlings to the sample point 
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are likely to increase. Given that many sample points are in relatively open conditions (see 

Fig.12), the proximity of even a few residual oak trees (and therefore a higher INDEX1OAK 

value), could provide the necessary seed source to establish D/CD oak seedlings.  Typically, 

oak seedlings established after a harvest will not be competitive (Cook et al., 1998). However, 

in this study, D/CD oak stems from seed source were relatively short (2-4ft.; Fig.11), which 

allows for the possibility that these stems did develop post-harvest. Weak evidence for this 

explanation is also found in the correlation of D/CD oak stems-from seed source only to 

INDEX1OAK, which is close to significant (p=.18).  

The index of available nitrogen, NITRO, was another significant variable in the 

model.  It had a negative correlation with oak regeneration dominance, and most likely served 

as a surrogate for site index, an important factor in controlling oak regeneration.  NITRO had 

only a small partial r2
 contribution (.01), but based on the literature (see Cook et al, 1998), any 

indicator of site quality should be more important than NITRO appears to be.  The fact that 

available nitrogen levels were relatively similar on three sites (Table 18), and much higher 

only on the highest quality site might explain why this variable was significant, but with only 

low explanatory power.  

 The models developed here are limited by one aspect of the data, which is the lack of 

sample points with a residual basal area of >60ft2/acre (see previous section). The results of 

these models should therefore be limited to situations where the stand residual basal area will 

be less than 60ft2/acre.  
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Soil moisture and nutrient patterns 

 Soil moisture sampling, as performed in this study, resulted in useful information that 

highlighted connection between site quality and soil water content.  The BB2 site, with an oak 

site index (base age 50) that was 10 feet higher than NC, had soil moisture levels that were 

consistently 5-7% greater over the entire sampling period (Fig.14).  Our third hypothesis, 

predicting higher soil moisture at the higher quality site, was not rejected.  The soil moisture 

disparity existed despite the sites receiving an equal amount of precipitation during the 

preceeding months.  Most models of site quality in the southern Appalachians recognize the 

importance of soil water levels, as they are a limiting factor to tree growth in this region 

(Iverson and Prasad, 2003). 

 The lack of any differences in soil water between treatments (p=.23) is somewhat of a 

surprise and results in the rejection of our fourth hypothesis, which predicted that soil 

moisture would be higher in the treatment with the least residual overstory.  The amount of 

total regeneration between the treatments is similar (p=.79, Table 12), and the water loss due 

to regeneration transpiration should be equal among treatment.   

Soil nitrogen sampling provided an index of site quality that roughly approximated the 

values generated from traditionally-derived site index values (Table 18), and thus our fifth 

hypothesis failed to be rejected.  The highest-quality site, WV1, had the statistically greatest 

amount of available soil nitrogen, and while not statistically different from the two 

intermediate sites, the mean ppm value of the lowest quality site was the lowest of all the 

sites.  Soil nitrogen did not differ by silvicultural treatment (p=.57), which leads to the 

rejection of our sixth hypothesis.  One explanation for the similarity could lie in the fact that 
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available nitrogen levels, which increase after harvesting, return to pre-harvest levels after 4 

to 5 years (Knoepp and Swank, 1997).  If soil nitrogen sampling in this study had occurred 

sooner than 4 years post-harvest, greater differences between treatments might have been 

evident.    

 

 

Projected stand development 

 
     NC-Newcastle, VA 

 Oaks were the most dominant species in the pre-harvest stands and will most likely be 

the dominant species in four of the five of the treatments.  Oak sprouts are the tallest category 

of regeneration (Fig.11) and with the exception of the group selection, oaks are the majority 

of D/CD regeneration in the treatments (Table 8).   

Red maple will become a part of the next overstory in the treatments, but most likely 

in lesser amounts than indicated here. Recent research has shown that red maple regeneration 

can compete with oaks for the overstory for the first several decades following clearcutting, 

but will eventually be relegated to a subcanopy position (Williams and Heiligmann, 2003).  

Given the open conditions in several treatments at this site, it is expected that the majority of 

red maple regeneration will follow this pattern.   

For the reasons stated above, it is predicted that the silvicultural clearcut, commercial 

clearcut and shelterwood stands will be predominantly chestnut oak and scarlet oak, with 

small component of red maple.  White oak is not a viable part of these treatments despite its 

presence in the pre-harvest overstories.  Red maple did increase somewhat in importance from 
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pre-harvest levels. Overall, though, this composition does not substantially differ from the 

pre-harvest stands.  The leave-tree treatment will also be predominantly chestnut oak and 

scarlet oak, but with a larger component of red maple than the aforementioned treatments.  

The group selection cut, with red maple comprising over 70% of the current D/CD 

regeneration, will most likely be dominated by red maple in the future, with a small 

component of oak. The results of the group selection treatment show that red maple can 

quickly dominate a regenerating stand, even on a low-quality, oak-dominated site, if present 

in significant amounts in the pre-harvest overstory.   

The results at this site are consistent with results from other silvicultural research on 

low-quality sites.  Ross and other (1986) found the oak dominated the regeneration after 

clearcutting on a low-quality, xeric site in southwest Virginia, not far from the NC site.  Elliot 

and others (1997) followed regeneration after clearcutting low-quality sites in North Carolina.  

In that study, oaks were the dominant group of species 19 years post-harvest, but red maple 

had increased in importance from pre-harvest levels. Dale and others (1995) looked at 30 year 

results of group selection cuts in oak-dominated stands (oak SI50=55-65ft.), and found that 

oaks and red maple were equal components of the regeneration, each comprising 29% of the 

basal area.  Dawson and co-workers (1989) found that in using a shelterwood system on low-

quality sites, oak species became the most numerous regeneration in young, developing 

stands. 
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     BB2-Blacksburg, VA 

Oaks were the most dominant species in all the pre-harvest stands and but will be the 

dominant component in only some of the treatments.  Oaks are, at best, 25% of the D/CD 

regeneration in any treatment.  The pre-harvest stands, with a similar oak RD, were pre-

dominantly oak with minor components of red maple and poplar.  Furthermore, the tallest oak 

regeneration type (sprout) is only slightly shorter than the sprouts of competing species and 

marginally taller than the seedlings of competing species (Fig.11).  Johnson et al. (1989) state 

that in developing stands on an intermediate sites, a minor height disparity between oak stems 

and competing stems is not problematic for the development of a dominant oak component. 

Red maple and tulip poplar are the most abundant commercial species that compete 

with oak regeneration at this site.  Due to the previously mentioned results of Williams and 

Heiligmann (2003), the red maple component is expected to remain competitive for the next 

2-3 decades in the open growing conditions of the silvicultural clearcut, commercial clearcut 

and leave tree treatments.  After the first two decades, red maple is expected to decline.  Oak 

regeneration will mostly likely be able to remain competitive during this time. In contrast to 

red maple, tulip poplar has been shown to outcompete oaks at this site quality following both 

clearcut (Loftis, 1989) and shelterwood harvests (Loftis, 1983).  Oak species will not fare well 

in the treatments with a large component of tulip poplar.   

 For the reasons stated above, it is predicted that the silvicultural clearcut, leave-tree, 

and group selection treatments will have a large component of oak, with smaller amounts of 

red maple and tulip poplar.  This composition represents only a minor change from pre-

harvest inventories; poplar slightly increases in importance in the clearcut and leave-tree 

 116



treatments while oaks essentially maintain their importance, and even increase in importance 

as seen in the leave tree (Table 9).  The commercial clearcut and shelterwood treatments will 

be dominated by tulip poplar, with smaller components of oak and red maple.  The 

regeneration composition seen here represents a change from pre-harvest levels, with oak 

species, especially chestnut oak, decreasing and tulip poplar increasing in importance.   That 

tulip poplar can dominate stands with a substantial residual overstory was not a surprise. 

Loftis (1983) reported the conversion of oak stands to poplar using a shelterwood system on 

oak-dominated, medium quality sites (oak SI50=70ft.).  In his study, the residual basal area 

was 66ft2/acre, higher than that found here, but tulip poplar still dominated the regeneration 

after 17 years.  The decrease in oak dominance in the shelterwood could also be linked to the 

fact that there were relatively fewer stems in this treatment than in any other; oak RD in the 

shelterwood was 16% and was 23-30% in the other treatments. 

 In this study, the presence of tulip poplar in the pre-harvest stands serves as a good 

indicator of the regeneration response following harvest.  The pre-harvest commercial 

clearcut and shelterwood stands had a relatively high poplar RBA, and these same treatments 

had the greatest amount of poplar regeneration.  However, Loftis (1989) reported only small 

amounts (<5%) of pre-harvest poplar BA in stands that later came to be dominated by this 

species following clearcutting. 

 The decreased importance of oak following harvest on medium quality sites has been 

found using clearcut (Hill and Dickman 1988, Loftis 1989, Elliot et al. 1997), shelterwood 

(Dawson et al. 1989, Hilt et al., Loftis 1983), group selection (Dale et al. 1995, Weigel and 

Parker 1997) and leave-tree systems (Hill and Dickman 1988, Miller and Schuler 1995).   
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CL2-Norton, VA 

 Oaks were dominant in the pre-harvest stands, but will not be a major component in 

future stands in two of the four treatments.   Oaks are not part of the D/CD regeneration in the 

shelterwood and group selection, and are relatively small components in the silvcultural 

clearcut and commercial clearcut.  While oaks achieved dominance in the pre-harvest 

overstory (high oak RBA) with only a relatively small number of stems (low RD; Table 10), 

the D/CD oak stems in the treatments originate from only 3 stumps/acre. The relatively few 

number of sprouting stumps then limits the potential for oak dominance.  The few oak sprouts 

that existed were slightly shorter than the sprouts of competing species, and only marginally 

taller than the seedlings of competing species (Fig.11). The presence of a small oak RD in 

some treatments indicates that oaks will most likely be a component in the next stands.  

Northern red oak, and to some extent chestnut oak, were the only oak species to maintain their 

importance in the treatments.  Black oak and white oak, the latter of which was a significant 

pre-harvest component, did not regenerate in any real amounts in all the treatments. 

 Red maple trees were present in substantial amounts in some pre-harvest stands, and it 

represented a significant amount of the regeneration in several stands.  Given the lack of 

competition from other commercial species, red maple will most likely remain a dominant 

species in the future stands.  Fraser magnolia has changed from a suppressed, understory 

species to a major component of the D/CD regeneration of some treatments.  Fraser magnolia 

will compete with other commercial species for overstory dominance (Burns and Honkala, 

1990), and given the intermediate site quality, will be present in moderate to substantial 

amounts in the future stands.   
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 For the reasons stated above, it is predicted that the shelterwood and group selection 

treatments will develop into red maple and Fraser magnolia stands.  The only chance for an 

oak component to develop is if the small number of oak stems from the intermediate crown 

class (Fig.9) can grow into dominant positions over time, a trend first noted by Oliver (1978).  

The silvicultural clearcut and commercial clearcut treatments will also develop into red 

maple/Fraser magnolia stands, but with a moderate component of northern red oak and 

chestnut oak.  Given the intermediate site quality, it is possible that the few oak stems will 

outgrow the competing species and become a substantial part of the next stand.  Both black 

oak and white oak, which were present in the pre-harvest stands, will not be in these future 

stands. 

 The pre-harvest inventory indicated that oak regeneration could be problematic at this 

site.  Compared to the other oak-dominated sites in this study, the sizeable oak component at 

CL2 consisted of fewer, larger stems.  Evidence for this is found both in the diameter 

distribution (Fig.6) and the large disparity between oak RBA and the lower, oak RD (Table 

10).  The larger oak trees at CL2 were less likely to sprout (Weigel and Johnson, 1998a) and 

therefore a primary mechanism of oak regeneration was lost at this site.  This is reflected in 

the relatively few number of oak stumps that produced D/CD sprouts (Fig.9) There was also 

no large advanced regeneration at this site, which can contribute dominant oak regeneration 

(Sander 1972, Loftis, 1983).  The combination of these two factors led to the reduction of oak 

importance in most of the developing stands. 

Oak regeneration failure on intermediate quality sites has been documented in the 

literature.  Elliot et al. (1997) found very little oak basal area 19 years after clearcutting a 

 119



mixed oak-harwood type stand; tulip poplar increased at the expense of oak.  Heiligmann et 

al. (1985) found that oaks were only 12% of crop trees, three decades after clearcutting an 

intermediate quality site (oak SI50=66ft.).  However, there are just as many cases of oak 

regeneration success at this site quality, especially if tulip poplar does not regenerate in great 

amounts, like in this study.  Parker and Swank (1982), Johnson et al. (1989), Minckler (1989),  

Ward and Heiligmann (1990), George and Fischer (1991), all found successfully regenerated 

oak under a variety of silvicultural systems.   

   

WV1-Mill Creek, WV 

 Oaks were a significant component of the four pre-harvest stands, but will be only a 

small component or missing altogether in the future stnads that developed following harvest at 

this site.  Oak sprouts are the tallest type of oak regeneration, but are still shorter than both the 

seedlings and stump sprouts of competing species (Fig.11).  The dominant oak sprouts 

originate from only 18 stems/acre, further limiting the potential for widespread oak 

dominance.  At this site, dominant oak regeneration, where it occurs, will be outcompeted by 

faster-growing species (Carmean et al., 1989). 

 Several non-oak species increase in importance following harvest.  Red maple, black 

birch, black cherry, are all larger parts of the treatments.  The growth rate of black cherry on 

this good quality site will assure it a dominant role in the next stand.  The room not occupied 

by black cherry will be competed for by black birch, red maple, American beech, tulip poplar 

and Fraser magnolia.  The fast growth rate of tulip poplar and Fraser magnolia (Burns and 
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Honkala, 1990) on sites of this quality will make these species a substantial part of the 

developing stands.  The other three species will share the remaining space.   

 For the reasons stated above, it is predicted that the shelterwood and group selection 

treatments will be dominated by black cherry, with smaller components of tulip poplar, black 

birch, Fraser magnolia, red maple and northern red oak.  The silvicultural clearcut will be 

similar in composition to these stands, but with no northern red oak. This represents a large 

shift from the pre-harvest compositions, northern red oak drops dramatically in importance 

while the other species, especially black cherry, all make moderate increases.  The leave tree 

treatment will become a black birch, red maple, American beech type, with no component of 

oak.  This also represent a shift in species composition, as oaks were 30% of the pre-harvest 

BA. 

 The failure to regenerate oak on high quality sites (oak SI50=80+) is quite common in 

the literature.  Beck and Hooper found that 20 years after clearcutting on a high-quality, oak-

dominated site, oak was only 4% of stand basal area.  Miller and Schuler (1995) and Smith et 

al. (1976) both found that on high-quality sites, oak became less dominant after leave-tree 

harvests, and poplar and red maple became more dominant.  Other studies noting oak 

regeneration failure after cutting high-quality, oak-dominated stands include Loftis (1983), 

Sander (1987), Elliot et al. (1997), Johnson et el. (1998) and Shostak et al. (2002).  In both the 

current study and in those listed previously, oak was a substantial but not dominant part of the 

pre-harvest stands.   Therefore, the failure to produce oak regeneration on high quality sites is 

not as surprising as failure on intermediate-quality, oak-dominated sites.   
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Oak regeneration patterns 

 It was on the intermediate quality sites (oak SI50 =65-75ft.) in this study that oak 

regeneration dominance is in question following timber harvests.  Below this threshold, the 

more xeric nature of NC precluded the existence of many species, thus freeing oak 

regeneration to assume dominance.  Above this threshold, the complement of species adapted 

to moist, rich soils at WV1 had no problem successfully regenerating, even if present only in 

small amounts in the pre-harvest stand.  The result was a more species-rich stand, but one 

with very little oak.  The regeneration patterns on the higher and lower quality sites are 

continuations of the stand development dyanmics seen in the parent stands; the lower quality 

sites were dominated by oaks, while on higher quality sites, oaks were only some of the many 

dominant species. 

 On intermediate quality sites, where oaks were dominant before the silvicultural 

treatments, their position was not assured in the treatments.  At BB2, vigorous stump 

sprouting and small amounts of large advanced regeneration led to regeneration success in 

some treatments.  The success was modulated by the presence of tulip poplar; when poplar 

was present in the pre-harvest overstory, it made up a substantial portion of the regeneration 

and croweded out oak species.  At CL2, the oaks stump sprouts evidently failed to capitalize 

on the open environments of the treatments, as there were very few sprouts in the regeneration 

pool.  When coupled with an almost complete lack of large, advanced oak regeneration at this 

site, the sprouts poor performance led to the disappearance of oak in two of the four 

treatments.  In the other two stands, oak is expected to be a moderate component. 
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 There is the possibility that this analysis over-estimated the eventual importance of 

species that rely heavily on stump sprouting.  The sampling procedures in this study called for 

the measurement of all woody stems in a sample plot.  Therefore, for the purposes of 

analyses, all stems from an individual stump were included in the per acre estimates of stem 

densities.  However, only 1-2 stems from each stump will suvive to maturity (Beck and 

Hooper, 1986).  The dominant regeneration of red maple, sourwood, and oaks all had a large 

component of sprout-origin stems.  However, the number of sprouting oak stumps per acre at 

each site (Fig.10) when combined with the absolute density of pre-harvest oak trees, should 

be a reliable guide as to the eventual composition of the stands. 

 All sites experienced a decrease in oak relative density as a result of the treatments 

(Table 15).  The NC and BB2 sites did have a much lower mean oak RD reduction value than 

the CL2 and WV1 sites (<10% vs. >35%), but were not statistically different.  The trend in 

this data shows the oak component drastically decreasing on higher quality sites, which is 

supported by the literature (see Cook et al., 1998).  However, the magnitude of the reduction 

was the statistically the same among the four sites, and only at CL2 was the decrease 

significantly different from zero.  This statement, by itself, would indicate that oak 

regeneration success was relatively similar across the sites.  It is possible that this experiment, 

with four replications, did not have enough power to discern differences among the sites; 

there were large standard errors associated with the mean values (Table 15).  A larger 

experiment might find the same trend shown here and would show statistical differences 

among sites.  
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Managment implications 

 If the goal of these silvicultural systems was to regenerate a sizeable component of 

oak, it was not met in well over half of the stands. The site-specific nature of the regeneration 

in this study indicates that broad-based silvicultural prescriptions are not applicable in the 

southern Appalchian oak forests.  Several different competing tree species were present in the 

pre-harvest stands, some only in very small amounts.  The site-specific combination of 

competing tree species, the advanced oak regeneration pool and pre-harvest oak tree 

distribution was what controlled oak regeneration. 

  Chestnut oak will remain an important oak species, but white oak and black oak, 

which were a substantial component of some parent stands, will not be present.  Chestnut oak 

is a prolific sprouter (Ross et al. 1982, Kays et al. 1988, Weigel and Johnson 1998a) whose 

sprouts can be more vigorous than other oak species (Ross et al 1982), and it is due to these 

traits that chestnut oak maintains a position in the treatments while other oak species 

disappear.  Due to different merchantability standards among oak species, the decline or loss 

of individual oak species may be financially problematic for forest managers. 

 Oak was replaced in treatments on every site, and by several different species.  Only 

some of which have any commercial value.  On the poor quality site, red maple replaced oak 

in one stand.  This is not a positive shift in species, from a timber management perspective, as 

value of red maple timber is fairly low in value (Burns and Honkala, 1990).  On CL2, oak was 

replaced by red maple and Fraser magnolia.  This also does not represent a positive change, as 

Fraser magnolia also is a relatively low-value timber species.  The wildlife value of both 

species in a mature stand is relatively low, when compared to oaks (Burns and Honkala, 
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1990).  On BB2, the other intermediate quality site, tulip poplar replaced oak, sometimes in 

large quantities.  This represent an acceptable shift in species composition; poplar is a 

moderately valueable timber species with a fast growth rate and greater carrying capacity.  

This combination of factors can make it possible to harvest merchantable material in a shorter 

time than from a pure oak stand.  The shorter rotation combined with a moderate financial 

payoff could make it more profitable for individual landowners to engage in forest 

managment activities.  On WV1, the high quality site, oak is replaced by, among other 

species, black cherry.  The possibility of growing high-quality black cherry timber makes this 

species shift a positive one from a timber mangement perspective.  Additionally, black cherry 

is a consistent and important source of soft mast for various wildlife populations (Burns and 

Honkala, 1990).  

 The intensive forest management seemingly needed to regenerate oak on higher 

quality sites, including pre-harvest understory treatment (Sander 1987, Lorimer 1994, Graney 

1999) and post-harvest crop-tree release (Johnson et al. 1989), may well be economically 

restrictive for most NIPF landowners.  Most timber harvest activities in the Appalachians are 

conducted without input from a professional forester, let alone with provisions for the 

successful regeneration of oak.  The most effective type of timber harvest then, would be one 

that maximizes oak sprouting potential while minimizing competition.  One possible solution 

is the application of herbicides to the cut stumps of competing species.  This can take place 

during the timber harvest, and would cost relatively little to implement (Kays et al., 1988).   

Another point to consider is that the high-grading harvests so common to the region can 

actually lead to a sizeable oak component in the regenerating stand. High-grade harvests 
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selectively cut down valueable oak trees, thus creating the potential for a moderate oak stump 

sprout cohort.  High-grading also typically leaves a moderate residual overstory, which might 

not trigger the vigorous regeneration response of competing species seen in clearcut stands.  

Obviously, the other aspects of high-grading, including the continued presence of poor-

formed or unhealthy residual trees, is not acceptable for long-term stand development 

purposes.   

 It could be that the current, oak-dominated incarnation of the southern Appalachian 

forest is unavoidably changing.  The environmental forces that created these forests at the 

beginning of the 20th century are simply not in place today.  The long-term exclusion of fire 

has allowed a community of tree species to gain a foothold in the forest understory (Abrams 

and Nowacki, 1992), and taken away the competitve advantage the fire-tolerant oaks enjoyed 

prior to modern fire-suppression efforts.  Short of widespread re-introduction of fire, 

silvicultural systems developed to foster oak regeneration will often fail on many types of 

sites.  Results of this study indicate that the oak regeneration window concept, as proposed by 

Hodges and Gardiner (1994; Fig. 16) needs to clarified.  

Multiple silvicultural systems used in this study did not consistently regenerate oak on 

two of the three stands with a oak site index 50 >70feet, indicating that treatments requiring 

only one entry to the stand are not sufficient.  The caveat presented with these results is that 

the treatments were conducted in the absence of adequate oak advanced regeneration.  

However, that caveat is applicable for the vast majority of oak stands at the time of harvest, so 

it is merely an academic one. Therefore, the modified oak regneration window (Fig 17.)  

indicates that oak cannot be successfully regenerated on high-quality sites given this condition 

common to most mature oak stands.  
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Figure 16.  Conceptual model of the oak regeneration window, adapted from Hodges 
and Gardiner (1994). 

 

Figure 17.  Conceptual model of the oak regeneration window in the absence of 
adequate advanced regeneration. 
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VI.Conclusions 

• Oak regeneration dominance was very site specific and exhibited the expected inverse 

relationship to site quality. 

• The silvicultural treatments used in this study could not overcome the limitations to 

successful oak regeneration on the high-quality sites. 

• Oak regeneration patterns were related to the abundance and distribution of oak trees 

in the parent stand. 

• Stump sprouting was a very important factor controlling the regeneration of dominant 

oak stems. 

• Multiple linear regression analysis accounted for more than 50% of the variation in 

oak regeneration dominance, and the most important factors were measures of oak 

sprouting potential, oak advanced regeneration, oak overstory abundance, post-

treatment light levels and site quality.  
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