
 
DRY-MESIC OAK–HICKORY FOREST (PIEDMONT SUBTYPE)  
 
Concept: Type covers the common dry-mesic forests of upland slopes and somewhat sheltered 
ridges in the Piedmont and Coastal Plain.  Basic soil plants are absent or scarce, and acid tolerant 
species dominate.  These forests cover the moisture range between that where Fagus becomes a 
significant component and that where Quercus falcata, Quercus stellata, Quercus marilandica, 
or Quercus montana become significant components. Subtype covers Piedmont examples, which 
lack characteristic Coastal Plain species and also lack montane species. 
 
Sites:  Mid slopes, low ridges, upland flats, and other dry-mesic upland areas on acidic soils. 
 
Soils:  Occurs on a wide variety of upland soils, though most commonly on Hapludults and 
Kanhapludults.  The most common map units are Cecil, Pacolet, Georgeville, Tatum, Appling, 
Madison, and Badin, but 30 or more additional series are associated with occurrences.  A few 
examples are mapped as Alfisols such as Enon and Wilkes.     
 
Hydrology:  Terrestrial, dry-mesic.  
 
Vegetation:  Forests dominated by combinations of Quercus alba and Quercus rubra.  Other 
species frequently present include Quercus velutina, Carya tomentosa, Carya glabra, Carya 
ovalis, Pinus echinata, Acer rubrum, and in the eastern Piedmont, Pinus taeda.  Examples that 
have had substantial logging often have more pines and Acer rubrum, and may have 
Liquidambar styraciflua and Liriodendron tulipifera abundant in the canopy.  The understory 
most typically consists of Acer rubrum, Oxydendrum arboreum, Cornus florida, and Nyssa 
sylvatica, but may include abundant Ilex opaca, Prunus serotina, Liquidambar styraciflua, and 
small numbers of other species, as well as canopy species.  Fagus grandifolia may be present in 
the understory but not in the canopy.  The most characteristic shrubs are Vaccinium stamineum, 
Vaccinium pallidum, and Euonymus americanus.  Viburnum rafinesquianum or Vaccinium 
tenellum may be abundant in parts of the Piedmont.  Trailing Muscadinia rotundifolia var. 
rotundifolia sometimes may cover significant patches of ground. The herb layer tends to be 
sparse.  Common and frequent species include Chimaphila maculata, Goodyera pubescens, 
Hexastylis arifolia, Tipularia discolor, Hylodesmum nudiflorum, Danthonia spicata, 
Dichanthelium spp., Carex spp., and Uvularia puberula.  Several other species are frequent in 
microsites where leaf litter does not persist, such as tip up mounds, small convex areas of slope, 
and edges of trails. These include Houstonia pusilla, Hieraceum venosum, and several mosses 
such as Dicranum scoparium, Leucobryum albidum, and Bryoandersonia illecebra (Peet and 
Christensen 1980; Oosting 1942; Wells (1928), ….     
 
These forests generally have a closed or nearly closed canopy where not broken by gaps, a 
moderate-density understory, and a patchy sparse to moderate shrub layer.  Canopy gaps are 
generally present in any sizeable stand, and are an important part of the structure.  Under past 
conditions of moderate fire frequency, canopies would have been more open, though still more 
forest than savanna, and would have had less maple and somewhat more pine.  The forests would 
have had sparser understory and more cover and diversity of herbs, especially of grasses.   
 



Distinguishing Features:  Because the overall moisture level is not easy to determine, upland 
hardwood forests are most easily distinguished by the canopy composition, and the overall flora. 
Quercus stellata, Quercus falcata, Quercus marilandica, and Quercus montana are scarce or 
absent in Dry-Mesic Oak—Hickory Forest, while Quercus rubra is largely absent from Dry 
Oak—Hickory Forest.  Dry-Mesic Oak—Hickory Forest is distinguished from Mesic Mixed 
Hardwood Forest by the absence of more mesic species, particularly Fagus grandifolia (though 
such species may establish in the understory in the absence of fire). It is distinguished from 
Montane Oak–Hickory Forest by the absence of characteristically montane flora, such as 
Castanea dentata, Magnolia fraseri, Acer pensylvanicum, Rhododendron calendulaceum, 
Gaylussacia frondosa, Gaylussacia baccata, and Rhododendron maximum. Additionally, some 
species, such as Kalmia latifolia and Hamamelis virginiana.  are widespread in Montane Oak–
Hickory Forests but are restricted to more mesic communities in the Piedmont and Coastal Plain.  
 
The Dry-Mesic Oak–Hickory Forest type is distinguished from Dry-Mesic Basic Oak–Hickory 
Forest by the absence or scarcity of a suite of basic indicators, such as Fraxinus americana, 
Cercis canadensis, Brachyelytrum erectum, Dichanthelium boscii, Symphoricarpos orbiculatus, 
Frangula caroliniana, and Celtis spp.  Basic indicators also include a set of species that are 
characteristic of more mesic or floodplain communities but which occur in dry sites with basic 
soils.  These include Acer floridanum, Carya ovata, Elymus hystrix, Elymus virginicus, Phryma 
leptostachya, and Phegopteris hexagonoptera. Characteristic species of acidic soils, such as 
Oxydendrum arboreum, Vaccinium stamineum, Vaccinium pallidum, Vaccinium tenellum, 
Gaylussacia frondosa, and Chimaphila maculata may be present in basic communities, but 
predominate in Dry Mesic Oak–Hickory Forest.  
 
The Piedmont Subtype is distinguished from the Coastal Plain Subtype by floristic differences. 
Quercus rubra is largely restricted to the Piedmont Subtype. Quercus nigra, Gaylussacia 
frondosa, Morella cerifera, and Arundinaria tecta are largely restricted to the Coastal Plain 
Subtype. The Coastal Plain Subtype also tends to have at some least some plants more typical of 
wetter habitats, such as Ilex glabra, Osmundastrum cinnamomeum, and Woodwardia areolata, 
presumably associated with very small seepage patches.  
 
Dynamics:  There is renewed interest in the dynamics of oak forests in general, and numerous 
studies have been published in the 2000s and 2010s. See the general discussion of oak forest 
dynamics [where????].   
 
Under natural conditions these forests are uneven-aged, with numerous old trees present.  
Successful reproduction occurs primarily in small canopy gaps.   Rare severe natural 
disturbances such as wind storms may periodically allow more widespread regeneration and 
allow the less shade tolerant species to remain in the community.  However, Skeen, Carter, and 
Ragsdale (1980) argued that even the shade-intolerant Liriodendron could reproduce enough in 
the larger gaps in old-growth forest to persist in the climax Piedmont forests; the same could be 
true of the pines.   
 
Fire was a natural part of most oak forests.  It is increasingly being recognized that it likely is a 
crucial process, and that the near-universal removal of fire is altering forests.  Fire presumably 
led to decreased understory density, longer persistence times for canopy gaps, and denser herb 



layers than we see at present.  Longer persistence of gaps would create a more open canopy 
across stands, allowing shade-intolerant species to be more abundant and more diverse.  Pinus 
echinata, the longest-lived and most fire-tolerant of the pines that occur in these communities, 
was more abundant.   The natural, or presettlement, fire regime for these communities is not fully 
known.  Likely it was around 10 years, an interval that, persisting over a long time, would favor 
oaks over competing species but would be long enough to allow oak regeneration.   
 
Loss of fire likely is a major cause of the widely observed lack of sufficient oak regeneration and 
of the recent increase in maple.  Because the dominant canopy trees are tolerant of the moderate 
to light fires that prevailed, fire likely was not a major cause of canopy gaps.  Instead, as 
suggested by McEwan, et al. (2013) for an old-growth oak forest in Kentucky, fire’s role was as 
a filter of the pool of young trees that is present when canopy gaps are formed by wind, 
lightning, or other natural disturbance.  Fire determined what species regenerated, but not when.     
 
There have been several studies in Duke Forest where Dry-Mesic Oak—Hickory Forest itself has 
been a major focus.  Israel (2011) looked at changes in long-term permanent plots.  She found 
ongoing changes, some of which have accelerated in recent years, even in forests that were 
considered to be in the climax stage.  Xi (****) examined the complexity of natural disturbance 
by a severe storm.   McDonald, Peet and Urban (2003) looked at spatial patterns that suggest that 
oak regeneration is indeed less abundant near maple understory, but at scales that go beyond 
simple light competition.  Besides the ongoing questions of altered fire regimes and storm 
damage, very high populations of deer appear to be an important driver of recent changes, which 
span all successional stages and a wide range of communities (Israel 2011).   
 
Disturbed areas have increased amounts of pines and weedy hardwoods such as Acer rubrum and 
Liquidambar styraciflua, with the amounts depending on the degree of canopy opening.  Areas 
that were cultivated are generally dominated by even-aged pine stands which are replaced by the 
climax oaks and hickories only as the pines die.  Logged areas may have a mixture of weedy 
hardwoods and pines, with greatly reduced abundance of oaks.  These species are expected to 
diminish in abundance over time, but it may be that this depends on periodic fire as well as lack 
of further severe disturbance. It also is likely that the increased seed rain of weedy species has 
made their invasion of large disturbed areas more pronounced than in the past.   
 
Range and Abundance:  Ranked G4G5.  Throughout the Piedmont, except in the foothill ranges 
and possibly near the Blue Ridge escarpment.  This community is perhaps the most common one 
in the Piedmont. It is also common in Virginia, where Quercus coccinea becomes more common 
than Quercus rubra as a component. It extends across the Coastal Plain in northern Virginia.   
  
Associations and Patterns:  In the topographic moisture gradient, Dry-Mesic Oak—Hickory 
Forest occurs between Dry Oak-- Hickory Forest and Mesic Mixed Hardwoods, often with a 
very gradual transition.  It may also adjoin patches of Piedmont/Coastal Plain Acidic Cliff, 
Piedmont/Coastal Plain Heath Bluff, Piedmont Monadnock Forest, other upland communities, or 
floodplain communities. It may be associated with Dry-Mesic Basic Oak—Hickory Forest or 
other basic communities, if there is a change in geologic substrate.   This transition can 
sometimes be very gradual, but may be abrupt.    
 



 
Variation:  No variants are recognized.  Examples vary as expected, with the transition to other 
communities.   
 
Comments:  The name oak-hickory forest is used here because it is the name in widespread use 
for these communities.  It is often asked why this name is used, when oaks clearly dominate and 
other general may be more abundant than hickories.  It should be noted that the name applies to a 
wide range of forests over a broad region, with hickories more abundant in some than others.  It 
could also be noted that maples and mesophytic genera were not as abundant in the past, when 
the name originated.  Carya also is usually the second most prominent name on species lists, as it 
has more species than most other genera.   
 
Synonyms: Quercus alba - Quercus rubra - Carya alba / Cornus florida / Vaccinium stamineum 
/ Desmodium nudiflorum Piedmont Forest (CEGL008475).  
Ecological Systems: Southern Piedmont Dry Oak-(Pine) Forest (CES202.339).  
Mesic Mesotrophic and Dry-mesic Mesotrophic Forest (Peet and Christensen 1980). 
White Oak-Red Oak-Black Oak (Oosting 1942). 
SAF 52: White Oak-Black Oak-Northern Red Oak. 
 
Rare Plant Species:  Helianthemum propinquum, Orbexilum pedunculatum var. pedunculatum, 
Porteranthus stipulatus, Prunus alabamensis, Pyrola americana, Quercus prinoides, Smilax 
hugeri. [need to check] 
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General oak forest dynamics:  [This may be moved to a centralized place such as the 
introduction, since it applies to so many different communities].   I 
 
In the past15 years, dynamics of oak forests in general has become a renewed focus for research 
and discussion.  It has been widely noted that oaks appear not to be reproducing in sufficient 
numbers to retain dominance, thoughout the range of eastern oak forests.  Instead, maples and 
other shade-tolerant mesophytic species are more abundant than oaks in understories and are 
increasing in canopies (Abrams 2000).  The term “mesophication” (Nowacki and Abrams 2008) 
was coined to describe this process.  The term appears to imply that sites are getting more moist, 
but the authors suggest that lack of fire as the causal factor.  They noted increasingly moist litter 
as a consequence of the change in species, and suggest it produces a feedback that reduces 
probability and effectiveness of fire, making the changes difficult to reverse.  Later papers have 
suggested actual increases in moisture may be involved – that the climate has become cooler and 
less prone to drought in the time period when mesophytic trees have been increasing relative to 
oaks (Nowacki and Abrams 2014).  McEwan, Dyer, and Pederson (2011) suggested that the 
experimental evidence for fire favoring oaks is mixed at best, and suggested a large number of 
alternative processes that might contribute to the changes, including climate change, land use 
changes, increases in deer populations, loss of American chestnut, and even the loss of branch 
breakage by passenger pigeons.  It should be noted that the data on climate change cited in these 
studies are quite variable, and that while some northern regions have changed measurably (about 
4 degrees C), changes in the Southeast have been small and more variable from one place to 
another.  Most of the other alternative hypotheses also don’t apply in at least parts of North 
Carolina that show evidence of lack of oak regeneration:  American chestnut was not important 
in the Piedmont, deer are over-abundant but not everywhere and only recently in some places, 
and similar processes seem to be occurring in recently logged, older second-growth, and even 
old-growth forests.   
 
One potential process I believe has not been adequately addressed in any of this literature is the 
cumulative effect of different life histories of the different species in the current environment.    
While the tree species that seem to be replacing oaks are mesophytic in the sense that they have 
tended to be concentrated in moister sites in the past, most also have life histories adapted to 
invading disturbed area, and have broad ecological tolerances.  This is especially true for Acer 
rubrum, the most often cited species in North Carolina.  Clearing and abandonment of fields, 
logging, construction, and other human disturbances tend to favor these species, each successive 
round of such disturbance can increase their abundance in the forest, and the increasing amount 
of them in the wider landscape increases the seed rain of these species even in places that are not 
disturbed.  Liriodendron tulipifera, Liquidambar styraciflua, and Pinus taeda have also become 
more abundant in Piedmont oak forests even though they are not shade-tolerant. The effects of 
altered seed rain could be expected to increase at an accelerating rate over time, in favor of all 
small-seeded, disturbance-colonizing species.  In addition to any effect of “mesophication”, there 
also appears to be substantial “weedification”.   
 
Oaks are on the opposite end of this spectrum.  While they are sometimes called early 
successional species and said to depend on disturbance, the life-history of most species is 
conservative.  They have large seeds that do not usually disperse far, years of abundant seed are 
intermittent, they do not readily invade newly opened sites; their dominance is based more on 



longevity and on tolerance of drought and fire, of surviving the natural disturbances that 
eliminate other species.  The typical and maximum life spans for Quercus alba are 300 and 600 
years, for Quercus rubra, 200 and 400 years, for Quercus montana, 300 and 400 years (Loehle 
1987).  The corresponding values for Acer rubrum are 80 and 150 years.  These life spans hint 
that the need to see oak regeneration may not be quite as urgent as sometimes portrayed.  But 
they also suggest that even long-rotation logging is likely to reduce the longevity advantage of 
oaks and lead to their gradual decline.  Such a decline would compound over time, as reduced 
seed source led to reduced regeneration.   
 
However, I believe the evidence suggests that fire is a crucial process in most or all oak forests, 
and that its removal is a major cause of the observed concerns.  Removal of fire is universal in 
the area experiencing changes in oak regeneration.  Most of the species that are increasing at the 
expense of oaks are less fire tolerant.  I have observed numerous burned oak forests where 
understory maples and other mesophytic and ruderal species were killed while comparably-sized 
oaks survived.  The pattern observed by Cannon and Brewer (2013), of oak saplings having a 
higher basal diameter for their height, surviving prescribed fire better, and having sprouts 
elongate faster after being top-killed by fire, likely is widely true.  Forestry techniques for using 
prescribed fire to regenerate oak forests have been developed (Brose 2014; VanLear, Brose and 
Keyser 2000).  While not necessarily indicating natural conditions or dynamics, they do 
demonstrate that oak regeneration tolerates fire, and that fire can favor it over competition.  It 
should be noted that the beneficial effects of fire for oak often take several fires, and its full 
ecological effect will be felt only when fire occurs chronically over a longer period.  Much of the 
ambiguity about the importance of fire cited in McEwan, Dyer, and Pederson (2011) can be 
explained by short-term studies after only one or two fires.  If mesophytic species are already 
established in abundance, a single fire may kill only some of them, may result in sprouting that 
increases their density, or a severe fire that kills more vegetation might let them benefit from 
their greater seeding ability.  But the effect of repeated fires should be to reduce the density, 
biomass, and seed rain of fire-intolerant species, and increase the proportion of oak among the 
trees.   
 
The primary role of fire in all of our oak forests is probably as suggested by McEwan, et al. 
(2013), acting as a filter that determines what seedlings are present in the regeneration pool when 
canopy gaps form by wind or other processes and growth into the canopy is possible.  Fire would 
have this effect by differential mortality, differing responses to the set-back of top-killing, and by 
altering the forest floor environment.  Reduced understory cover would allow more light on the 
forest floor throughout the forest, and would slow the rapid closure of canopy gaps.  Brose 
(2014) notes it might also reduce acorn predators, reduce the seedbank of weedy species, and 
help germination by decreasing the O horizon.   
 
Determining the natural fire regime of our oak forests is difficult.  It is well documented fire was 
very abundant in many oak forests during the early European settlement period (****), and some 
studies have shown that frequency of fire was greater than in presettlement times.  This is clearly 
not the appropriate reference for natural conditions.   
 
Many authors believe that the fire regime in the eastern oak forests was anthropogenic, being 
driven by burning by the aboriginal peoples. The purpose of such burning is believed to include 



driving game, increasing production or visibility of food resources, or to managing the 
vegetation in some way.  There is a corresponding belief that lightning ignition would not be 
sufficient to produce a fire regime capable of producing and sustaining oak forests, because fire 
compartments are small in the dissected lands of the Piedmont and Blue Ridge.   
 
Many early explorers mentioned burning by Indians, so it is clear that such burning was 
widespread.  But it is not clear what would have happened if they had not practiced burning in a 
continuous landscape of vegetation with more open canopies and dense herbacerous layers than 
at present.  Certainly the presence of a large biota of fire-tolerant, and even fire-dependent, plants 
and animals indicates a long natural influence by fire.  These species did not originate in the 
10,000-20,000 years that humans are believed to have been in North America, and the 
widespread presence of fire adaptations in genera such as Quercus and Pinus suggests fire is 
much more ancient.  It is not plausible that fires that drove evolution through millions of years 
would have stopped in the last few thousand if newly-arrived humans had not kept them up.  It 
therefore is more likely that aboriginal people preempted fires that would have happened at 
substantial frequency even without their efforts, even if they changed the seasonality or 
frequency to some degree.  It should also be noted that early travelers tended to follow Indian 
trails and lodge in Indian villages, so they were seeing the most human-dominated parts of the 
presettlement landscape.   
 
McEwan, Dyer, and Pederson (2011 noted that, by the time Europeans crossed the Appalachians, 
native populations had been decimated by disease for 100-150 years, and that though settlers 
reported burning by Indians, their small remaining numbers would have been unlikely to be able 
to burn that much of the landscape.  They cite the fact that the oak forests had persisted in this 
circumstance as evidence against fire being crucial.  This same pattern occurred in many parts of 
the eastern United States, where there was a period of greatly diminished human presence before 
widespread European settlement.  It is more plausible that fires continued to occur, that a 
reasonable frequency of fire was going to occur with or without human ignition. It is likely that 
ignition happened more easily, and fires spread across the landscape more readily in the past than 
is now assumed, at a time when a long history of fire had made duff layers thinner, herb layers 
grassier, and forest floors more sunny.   
 
 


