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Abstract

Oak distribution and dominance has exhibited major
changes since European settlement during the 18th and 19th
centuries. Large-scale increases in oak species have
occurred as a result of fire exclusion in the central tallgrass
prairie and savanna regions, cutting and burning of the
northern conifer and hardwood forests of New England and
the Lake States region, and land clearing, the charcoal iron
industry, and the eradication of Castanea dentata following in
the mid-Atlantic region. Studies of the dendroecology and
successional dynamics of several old-growth forests indicate
that prior to European settlement oak grew and regenerated
in uneven-aged conditions. At times oak growth was very
slow (< 1.0 mm/year) for long periods, which is usually
characteristic of highly shade tolerant species. Oak species
exhibited continuous recruitment into the canopy during the
17th, 18th and 19th centuries, but stopped recruiting in the
early 20th century. Since that time, later successional,
mixed-mesophytic species have dominated understory and
canopy recruitment, which coincides with the period of fire
exclusion throughout much of the eastern biome. Major oak
replacement species include Acer rubrum, A. saccharum,
Nyssa sylvatica and others. Logging of oak forests that have
understories dominated by later successional species often
accelerates the oak replacement process.

Basal cross sections were obtained from a partial timber cut
in two old-growth forest stands in Western Maryland, USA, in
1986. We recorded 42 fires from 1615 to 1958, which
occurred on average every eight years. There were no
significant differences in mean return interval between pre-
European settlement (before 1750) and the post-settlement
(1750-1900) periods. However, there were no major fire
years (25% of samples with scars) after 1900. Oaks
recruited consistently from the early 1600s to the early
1900s, but there was increasing amounts of A. rubrum and
B. lenta after 1900. Tree-ring dynamics, species recruitment
patterns, and long-term fire history reviewed in this paper
offer important direct support for the hypothesis that periodic
fire played an important role in the historical development of
oak forests of the mid-Atlantic region before and after
European settlement, and that fire suppression during the
20th century is facilitating a replacement of canopy oak by
later successional tree species.

Introduction

Oak species have a long history of domination in eastern
North America, and their present distribution in various
regions exceeds that recorded in the original forests prior to

European settlement (Abrams 1992). Much of the increase in
oak during the late 18th and 19th centuries can be attributed
to historical changes in disturbance regimes in the eastern
biome. Moreover, much of the expansion of oak has
occurred on xeric or nutrient-poor sites, which indicates the
stress tolerance capabilities of many oak species. However,
recent evidence indicates that oak forests, in the absence of
periodic understory fire, are often transitional to later
successional forest types. The purpose of this paper is to
review to linkages in the dynamics for oak species of the
eastern United States in relation to the historical changes in
land-use and fire regimes.

Historical Ecology of Eastern Oak Forests

Central Plains Example

Prior to European settlement, tallgrass prairie and oak
savannas dominated vast areas of the Central Plains,
southern Lake States and mid-western regions of the United
States (Kuchler 1964, Nuzzo 1986). Much of this region is
now part of oak-hickory forest association. Tallgrass prairie
and oak savannas in this drought-prone region were
maintained by frequent fire at 1-10 year intervals that were
initiated by Indian (Native American) activity or lightning
strikes (Cottam 1949, Day 1953, Pyne 1983, Abrams 1992).

Eastern Kansas represents the western limit of the eastern
deciduous forest, and oak species often grow along streams
and ravines forming relatively thin bands of “gallery” forests.
A study of the forests in a Kansas (Konza) tallgrass prairie
was completed to characterize the composition, structure,
development and successional dynamics of this oak-
dominated forest type (Abrams 1986). The range of sites on
Konza Prairie included mesic riparian benches to xeric
limestone ridges. Tree species importance varied with site
moisture relations with Celtis occidentalis - Q. macrocarpa,
Q. macrocarpa, Q. muehlenbergii - Q. macrocarpa, and Q.
muehlenbergii dominating forests along a continuum from
mesic to xeric, respectively. In each of the gallery forests
studied, oak species represented the oldest and largest
individuals, whereas the understory trees and regeneration
layers were dominated primarily by C. occidentalis, Ulmus
rubra and U. americana, and Cercis canadensis. An analysis
of the historical records, including the original land survey in
1858 and aerial photographs taken in 1939 and 1978,
indicated that the extent of the gallery forests has greatly
expanded.

This study exemplifies a major developmental pathway of
oak forests in the Central Plains. High fire frequency and
intensity during the period of Indian habitation maintained
tallgrass prairie species and retarded oak distribution,
relegating oak species to savannas and protected
woodlands. Following European settlement, the influence of
fire decreased due to road construction, expansion of towns,
cattle grazing, fire suppression activities, and the elimination
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of Indian fire activity (Pyne 1983, Abrams 1986). With less
fire, oak species expanded into the tallgrass prairie
vegetation, with Q. macrocarpa and Q. muehlenbergii
dominating mesic and xeric sites, respectively, in this
example. Thus, a significant proportion of the oak-hickory
forest in the former tallgrass prairie region is a recent
phenomenon in response to fire exclusion following
European settlement (Gleason 1913, Kucera 1960).

Lake States Example

Presettlement forests of the upper Lake States and northeast
were dominated by Tsuga canadensis, Pinus strobus, A.
saccharum, F. grandifolia and Betula allegheniensis, with
generally a very small percentage of Quercus (e.g., Q. alba,
Q. rubra and Q. velutina) (McIntosh 1962, Siccama 1971,
Finley 1976, Whitney 1986). In contrast, Quercus species
now represent a significant proportion of northern hardwood-
conifer forests, and in particular Q. rubra has developed
prominence (Crow 1988, Whitney and Davis 1986). We
studied the presettlement forest records and current forest
composition and structure of 46 Q. rubra forests along an
edaphic gradient in north-central Wisconsin to gain an
understanding of their historical development and current
and future ecological status (Nowacki and others 1990).

Prior to European settlement, forests on mesic and
transitional mesic sites in the study area were dominated by
Tsuga canadensis, Betula, Acer and Pinus . Dry mesic sites
formerly comprised Pinus, Quercus (Q. velutina, Q.
macrocarpa and Q. alba) and Populus, while dry-mesic sites
were dominated by Pinus, Populus and Betula. In contrast,
many forests of the region are presently dominated by Q.
rubra, with relative importance values of 37-51% (Nowacki
and others 1990). Other important overstory trees included
Acer rubrum on transitional and dry mesic sites, A.
saccharum on mesic and transitional mesic sites, Q. alba on

transitional dry-mesic sites and Betula papyrifera on dry-
mesic sites. Understory trees and reproduction layers were
dominated primarily by A. saccharum on mesic sites, A.
saccharum and A. rubrum on transitional sites, and A.
rubrum on dry-mesic sites.

The results of this study indicate that Q. rubra had a marked
expansion in northern hardwood-conifer forests following
Euro-American settlement. Quercus rubra on mesic and
transitional mesic sites developed following disturbance to
the original conifer-northern hardwood forests. Forests on
transitional dry mesic and dry mesic sites developed from
former oak-pine and pine forests, respectively. A post-
settlement increase in Q. rubra has been documented in
other forests in the northeastern and Lake States regions
(Whitney 1986, Whitney and Davis 1986, Crow 1988,
Abrams 1992), and appears to be a direct result of
widespread cutting and subsequent fire in the middle to late
1800s and early 1900s. Evidence indicates that Q. rubra in
the overstory was present in relatively low numbers in
presettlement forest, but may have been pervasive in the
understory of the former pine forests. This coupled with the
widespread dispersal of acorns by birds and small mammals
facilitated the expansion of this species following large-scale
disturbances of the original northern hardwood-conifer
forests (Crow 1988).

Mid-Atlantic Region Example

Presettlement forests of southern New England and the mid-
Atlantic region were dominated by Quercus in combination
with other species (Table 1). The leading tree species were
Q. alba, Q. velutina, Q. rubra, Q. pinus, Carya spp.,
Castanea dentata and Pinus spp. (including P. strobus, P.
rigida, and P. echinata). Evidence from eye witness accounts
and charcoal studies indicate that precolonial fires from
Indian activity and lightning strikes were pervasive in the

Table 1.—Presettlement forest types in the oak-hickory and oak-pine associations
of the eastern United States

Presettlement composition State References

Q. alba - Q. velutina - Pinus MA Whitney and Davis 1986
Q. alba - Q. velutina - Carya NY Glitzenstein and others 1990
Q. rubra - Castanea dentata NJ Ehrenfeld 1982
Q. alba - Q. velutina - C. dentata - Carya NJ Ehrenfeld 1982
Q. alba - Q. velutina - Carya NJ Russell 1981
Q. alba - Q. velutina - Carya PA Abrams and Downs 1990
Q. velutina - Q. alba - C. dentata - Carya PA Mikan and others 1994
Q. prinus - Q. alba - Pinus rigida - C. dentata PA Nowacki and Abrams 1992
Q. alba - P. strobus - Carya PA Nowacki and Abrams 1992
Q. alba - Q. rubra VA Spurr 1951
Q. alba - Q. rubra - Q. prinus - Carya - Pinus VA Spurr 1951
Q. alba - Q. rubra VA Orwig and Abrams 1994
C. dentata - Q. rubra VA Braun 1950
Q. rubra - Q. prinus - C. dentata VA Braun 1950, Stephenson 1986
Q. alba - C. dentata - Carya - Pinus WV Abrams and others 1995
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region and probably played an important role in the
long-term stability of these forest types (Day 1953,
Watts 1980, Lorimer 1985, Patterson and
Sassaman 1988, Abrams 1992).

As in other regions of eastern North America,
disturbances associated with European settlement
had a dramatic impact on the original oak-hickory
and oak-pine forests. Widespread logging and
increased fire associated with land clearing, the
charcoal iron industry, tanbark and chemical wood
cuts, and lumbering of high quality hardwood and
conifers (e.g., P. strobus and Tsuga canadensis)
occurred during the initial settlement period (Pearse
1876, Abrams and Nowacki 1992, Russell and
others 1993, Mikan and others 1994). In one
example from central Pennsylvania, there were
nine active iron furnaces and ten forges in Centre
County in 1826, which were responsible for the
clearing vast forest acreage each year for charcoal
production (Abrams and Nowacki 1992). This type
of disturbance regime was responsible for
significant changes in species assemblages. In
central Pennsylvania, the original Q. alba - P.
strobus - Carya forests that were clearcut and
burned in the 1800s became dominated almost
exclusively by Q. alba and Q. velutina (Abrams and
Nowacki 1992). Cutting for charcoal in New Jersey
resulted in the increased dominance of Quercus
and Betula, and decreased dominance of Tsuga
and Fagus (Russell 1980). Quercus rubra
importance increased from 7% in presettlement P.
strobus forests in Massachusetts to nearly 20% in
present-day forests in response to landclearing and
logging (Whitney and Davis 1986). The decrease in
T. canadensis and P. strobus in these examples
can be related, at least in part, to their inability to
reproduce vegetatively.

Another major anthropogenic influence to eastern Quercus
forests has been the introduction of the chestnut blight
fungus (Endothia parasitica) during the early 1900s. This
fungus has been responsible for the elimination of overstory
C. dentata thought the eastern biome. The changes to
former chestnut dominated forests has been the subject of
several studies, most of which indicate that Quercus species
were one of the major beneficiaries of this disturbance. For
example, former oak-chestnut forests in North Carolina
became dominated by Q. rubra, Q. prinus, Q. alba and
Carya spp. (Keever 1953) (Tables 1 and 2). In southwestern
Virginia, Q. rubra represented 69% importance in forests
where C. dentata formerly comprised up to 85% of the
canopy (Stephenson 1986). In the ridges of central
Pennsylvania, Q. prinus, Q. rubra and Acer rubrum
increased where Castanea and Pinus were previously
important (Nowacki and Abrams 1992). Thus, post-
settlement disturbances to eastern forests via land clearing,
the charcoal iron industry, lumbering and the chestnut blight
have led to increases in Quercus above levels estimated in
the original forest.

Q. alba and P. strobus dominated the original forests on
mesic valley floor sites within the eastern Ridge and Valley
Province, which extends from southeastern New York to
southern Tennessee (Braun 1950). The composition,
diameter and age structure, and radial growth chronologies
were studied in one of the few remaining undisturbed
remnants of this forest type located in southern West Virginia
(Abrams and others 1995). The forest is presently dominated
by P. strobus (34%), Q. alba, Q. rubra and Q. velutina (26%
total) and Acer rubrum (24%), and is uneven-aged with Q.
alba (max. age = 295 years) and P. strobus (max. age = 231
years) representing the oldest and largest trees (Fig 1). Q.
alba exhibited continuous recruitment into the tree size
classes from 1700-1900, whereas peak recruitment of P.
strobus occurred between 1830-1900. Interestingly, the
increase in P. strobus was followed by a wave of Q. rubra
and Q. velutina recruitment, suggesting possible facilitation
of these red oaks by P. strobus (cf. Crow 1988, Abrams
1992). After 1900, Pinus and Quercus recruitment stopped,
while that of A. rubrum, A. saccharum, F. grandifolia and T.
canadensis greatly increased.

Figure 1.—Age-diameter data for all cored trees and mean ring width index
for white oak and white pine and in an old-growth white pine-mixed oak
forest in southern West Virginia (adapted from Abrams and others 1995).
PIST = Pinus strobus, QUAL = Quercus alba, QURU = Q. rubra, QUPR =
Q. prinus ACRU = Acer rubrum, ACSA = A. saccharum, TSCA = Tsuga
canadensis, FAGR = Fagus grandifolia, CAGL = Carya glabra, NYSY =
Nyssa sylvatica.
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Radial growth analysis of the four oldest Q. alba indicated a
series of releases between 1710-1740, 1800-1830 and
1900-1930, with low or decreasing growth in the interim and
most recent periods (Fig. 1). In the early 1800s, releases in
radial growth were associated with high P. strobus
recruitment, while releases in the early 1900s coincided with
episodic A. rubrum recruitment. Individual radial growth
chronologies for trees of various species and age classes
indicated a series of major and moderate releases every 20-
30 years throughout the forest (Abrams, et al. 1995). The

asynchronous nature of these releases suggest a series of
small-scale disturbances with localized impacts.

We found evidence of fire scars, soil charcoal and windthrow
throughout the forest, and believe that these disturbance
factors significantly influenced the ecology of this old-growth
forest. Quercus and Pinus perpetuated themselves during
the 1600s, 1700s, and 1800s, but not in the 1900s, despite
evidence of blowdown during this century. These data are
consistent with the fire exclusion hypothesis, which led to a

Table 2.—Overstory and understory composition reported for Quercus forests in the major vegetation associations
of the eastern United States

Overstory Understory State Reference

Oak-hickory
Q. macrocarpa - Celtis  occidentalis C. occidentalis - Ulmus KS Abrams 1986
Q. muehlenbergii Ulmus - Cercis canadenis - Q. muehlenbergii KS Abrams 1986
Q. velutina - Q. alba Prunus serotina - Acer negundo - Ulmus WI McCune & Cottam 1985
Q. marilandica - Q. stellata Q. marilandica - Q. stellata OK Rice & Penfound 1959
Q. alba - Carya ovata A. saccharum IL Rodgers & Anderson 1989
Q. alba A. saccharum MO Pallardy and others 1988
Q. alba - Q. velutina A. rubrum - A. saccharum - Betula lenta NJ Little 1974
Q. alba - Fagus grandifolia A. rubrum - A. saccharum - P. serotina PA Abrams & Downs 1990
Q. alba - Q. velutina A. rubrum - P. serotina PA Abrams & Nowacki 1992
Q. prinus - Q. rubra A. rubrum - Q. prinus - B. lenta PA Nowacki & Abrams 1992
Q. prinus A. rubrum - B.  lenta - B. allegheniensis PA Mikan and others 1994

Oak-pine
Q. alba - Liriodendron tulipifera Nyssa sylvatica - Cornus florida VA Orwig & Abrams 1994
Q. alba - Q. coccinea N. sylvatica - A. rubrum - C. florida VA Orwig & Abrams 1994
Q. alba - Q. prinus - Q. coccinea N. sylvatica - Carya - C. florida VA Farrell & Ware 1991
Q. rubra A. saccharum - A. rubrum VA Stephenson 1986
Q. alba A. rubrum NC Christensen 1977
Q. rubra - Q. prinus - Q. alba Q. rubra - A. rubrum - Carya NC Keever l953

Maple-beech-basswood
Q. alba - Q. velutina P. serotina - A. rubrum MI Dodge & Harman 1985
Q. macrocarpa - Q. alba A. saccharum - Fagus grandifolia OH Cho & Boerner 1991
Q. alba - Q. rubra - Q. velutina A. saccharum - F. grandifolia - A. rubrum OH McCarthy and others 1987
Q. alba - Q. velutina - Q. rubra A. saccharum - F. grandifolia IN Schmelz & Lindsey 1970
Q. rubra - Q. alba - Q. macrocarpa A. saccharum - Aesculus glabra IN Parker and others 1985

Northern hardwood - Conifer
Q. velutina - Q. rubra - Pinus strobus A. rubrum MA Lorimer l984
Q. prinus - Q. rubra A. rubrum - A. saccharum NY McIntosh 1972
Q. velutina - Q. alba A. rubrum MI Host and others 1987
Q. rubra - Q. alba A. saccharum - A. rubrum WI Nowacki and others 1990
Q. ellipsoidalis P. serotina - A. rubrum WI Reich and others 1990

Mixed-mesophytic
Q. alba - P. strobus A. rubrum - F. grandifolia - Tsuga canadensis WV Abrams and others 1994
Q. alba - Q. coccinea - Q. prinus A. rubrum - A. saccharum - F. grandifolia KY Muller & McComb 1986
Q. alba - Q. velutina A. rubrum - N. sylvatica KY Campbell 1987
Q. prinus - Q. alba Q. prinus - Q. alba TN Schmalzer 1988

Southern evergreen
P. palustris - P. elliotii - Q. laevis Q. laevis - Q. geminata - Carya floridana FL Myers 1985
F. grandifolia - Q. laurifolia - Magnolia Liquidambar styraciflua - N. sylvatica - Fagus GA Quarterman & Keever 1962
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shift in tree recruitment from Quercus and Pinus to Acer,
Fagus and Tsuga. Without intensive management in the
future, including prescribed fire, we predict this forest will no
longer support a significant Quercus and Pinus component.

Dendroecology of Old-growth
Quercus Prinus

We identified an old-growth Q. prinus forest on a dry talus
slope with canopy trees up to 326 years old at the Detweiler
Run in central Pennsylvania (Ruffner and Abrams 1998).
Unlike the transitional nature of eastern oak forest on mesic
sites, this xeric forest may maintain stable oak populations
even in the absence of fire. In 1996, Q. prinus at the study
site represented 39% importance, while A. rubra, Betula
lenta, Nyssa sylvatica, and Q. rubra represented a combined
50% importance. Q. prinus represented 75% of the canopy
dominant trees, but less than 10% of the intermediate and
overtopped trees. Continuous recruitment of Q. prinus in this
forest occurred between 1660-1950 (Fig. 2). Peak
recruitment periods for Q. prinus occurred during the late
1700s and early 1800s, which coincided with a release in
radial growth during this period.

Ironically, this forest is located near major 18th and 19th
century charcoal iron activity, where adjacent forests were
logged on a 20-30 year rotation. The extreme talus slope
undoubtedly protected this forest from cutting during that
period. Frequent cutting and occasional burning of most
forests in the region promoted oak coppicing and checked
the advance of later successional species until the late
1800s when charcoal iron production ceased in central
Pennsylvania. Fire suppression activities and less forest
cutting during the 20th century promoted Acer, Betula, and
Nyssa dominance in area forests. Because the extreme
edaphic condition, we predict that Q. prinus will remain a
dominant on the site with lesser amounts of more shade
tolerant Acer, Nyssa and Betula species. Thus, oak climaxes
may exist in the eastern oak region on very dry and nutrient
poor sites, such as this study area.

Successional Status of Eastern Oak Forests

Despite their importance throughout the eastern forest
biome, there is a strong indication that many oak forests are
transitional to later successional associations. Table 2 lists
the principal overstory and understory composition in various
oak forest types. Acer rubrum and A. saccharum are the two
most important understory species, and they most likely
represent the major replacement species of oak throughout
much of the biome (cf. Lorimer 1984, 1989, Abrams 19992,
1998). However, west of the Acer range, Celtis occidentalis
and Cercis canadensis appear to be important oak
replacement species (Abrams 1986). In the mid-Atlantic
region, south of A. saccharum’s range, Nyssa sylvatica may
be a future overstory dominant in current oak forests (Ross
and others 1982, Farrell and Ware 1991, Orwig and Abrams
1994). Fagus grandifolia is occasionally noted as an
important understory or overstory in oak forests, and these
are generally limited to the maple-beech-basswood and
mixed mesophytic associations. Q. alba forests in

southwestern Pennsylvania and northern Virginia are
presently dominated by F. grandifolia, A. rubrum and
Liriodendron tulipifera (Abrams and Downs 1990, Abrams
and Copenheaver 2000), indicating that F. grandifolia may
play an important successional role in eastern oak forests as
they move from second-growth to old-growth condition.

A few studies predict long-term stability of oak species on
very extreme sites. Examples of this include, xeric Q.
marilandica and Q. stellata forests derived from former oak
savannas in Oklahoma, Q. marilandica - Q. velutina in xeric,
upland glades in Illinois, mix-oak forests on nutrient-poor
barrens sites in New Jersey, dry talus slopes and Coastal
Plain forests in the mid-Atlantic region (Little 1974, Adams
and Anderson 1980, Dooley and Collins 1984, Orwig and
Abrams 1994, Ruffner and Abrams 1998). While these
forests may in fact represent edaphic climaxes they may
alternatively be exhibiting slow rates of successional

Figure 2.—Age-diameter data for all cored trees and mean ring
width index for chestnut oak in an old-growth mixed-oak forest in
central Pennsylvania (adapted from Ruffner and Abrams, 1998).
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replacement and thus not have long-term stability in the
absence of fire. Clearly, the rates of succession on mesic
oak sites greatly exceeds that on xeric or nutrient poor sites
(cf. Abrams 1992). We still know very little about the
successional dynamics of oak forests in the southeastern
U.S. In one such study, A. rubrum is predicted to form a
dominant part of the overstory in a mature Q. alba forest in
North Carolina (Christensen 1977, R. Peet personal
communication). However, oak forests located to the south
and west of the peak distribution of A. saccharum, A. rubrum,
F. grandifolia and P. serotina may be experiencing less
successional pressure then oak forests in the northeastern
and north-central U.S. and may have stable oak populations
even in the absence of fire. Nonetheless, red maple density
increased by more than 300% in the subcanopy of a mature
pine-oak forest in southern Arkansas between 1954 and
1992 (Cain and Shelton 1995).

Fire Adaptations

In an early opinion survey of the fire resistance of 22
northeastern tree species, oaks (Q. prinus, Q. velutina, Q.
alba and Q. coccinea) where rated in four of the top six
positions (Starker 1934). It was further determined that these
oak species had a much greater bark thickness to trunk
diameter ratio than several mixed-mesophytic species, such
as A. rubrum, P. serotina, and F. grandifolia (Spalt and
Reifsnyder 1962, Harmon 1984). Among oak species, a
ranking of increasing bark thickness and fire resistance was
reported as follows: Q. macrocarpa > Q. velutina > Q. alba >
Q. rubra (Lorimer 1985, Hengst and Dawson 1994). Fire may
also be beneficial to oaks, relative to other hardwood
species, because they have relatively high resistance to
rotting after scarring, deep rooting and vigorous sprouting
ability, and increased germination and survival on fire-
created seedbeds with reduced litter layers.

We compared the fire history and tree ring dynamics of two
old-growth forest stands in Western Maryland (Shumway
and others in press). The stands were located on the side-
slopes of a ridge system (Savage Mountain) but differed in
the amount of periglacial material present. Both stands are
dominated by Quercus rubra, Q. alba, Q. velutina, Q. prinus
and Acer rubrum. Basal cross sections were obtained from a
partial timber cut in 1986, which provided evidence of 42
fires from 1615 to 1958 (fig.3). Fires occurred on average
every eight years, and there were no significant differences
in mean return interval among pre-European settlement
(before 1750), post-settlement (1750-1900) and fire
suppression (after 1900) periods. However, there were no
major fire years (25% of samples with scars) after 1900.
Oaks recruited consistently from the early 1600s to the early
1900s, but there was increasing amounts of A. rubrum and
B. lenta after 1900. There was a significant degree of
correspondence between the occurrence of major fires and
recruitment of oak species in either stand. Moreover, there
was an increase in radial growth in oak species in a four-
year period following the vast majority of fires, and this
increase was largely due to increased latewood production
following fires. Tree-ring dynamics, species recruitment
patterns, and long-term fire history reported in this study

offer important direct support for the hypothesis that periodic
fire played an important role in the historical development
and perpetuation of oak forests of the mid-Atlantic region
before and after European settlement, and that fire
suppression during the 20th century is facilitating a
replacement of canopy oak by later successional tree
species (Abrams 1992, 1998).

There exists a substantial database of paleoecological
studies that support the oak and fire hypothesis. For
example, at Crawford Lake in southern Ontario, beech-
maple forests converted to pine-oak forests in response to
Iroquois cultivation and burning (Clark and Royall 1995).
Repeated disturbances (including fire) at a series of sites in
north-central Massachusetts led to a decrease in northern
hardwoods and an increase in pine, oak and chestnut during
the past 1000 years (Foster and Zebryk 1993, Fuller and
others 1998). Large oak pollen percentages were associated
with continuous charcoal influx during the Holocene in the
Hudson Highlands of southeastern New York (Maenza-
Gmelch 1997). A paleoecological investigation in eastern
Tennessee revealed that the study area was dominated by
oak, pine and ragweed during the last 1500 years, and that
charcoal influx increased during the period with increasing
human populations (Delcourt and others 1986). These
studies suggest a relationship among oak dominance, fire,
climate, and human activity.

Direct evidence for the role of fire in oak forests comes from
additional studies using the dating of fire scars. Most of
these data have been reported for oak forests in the central
plains, at the western extreme of the eastern forest, or from
pine-oak forests in southern Ontario (Abrams 1985; Guyette
and Cutter 1991; Cutter and Guyette 1994; Guyette and
others 1995; Guyette and Dey 1995). The mean fire return
interval (the time between fires) in these disparate locations
is surprisingly similar and ranges from 2 to 24 years. Fire
frequency either increased or decreased during the initial
period following European settlement depending on the
stand and region. A study of fire scars in a mixed-oak forest
that originated after 1850 in southeastern Ohio revealed that
fire occurred every 1 to 24 years, and averaged 7.5 years
(Sutherland 1997). Two black oak (Quercus velutina Lam.)
woodlands in Indiana had a fire return interval of 5.2 and
11.1 years during the 1900s (Henderson and Long 1984).
Six fires scars dating from 1641 to 1711, with a mean return
interval of 14 years, were reported from a pre-European
settlement oak in Mettler’s Woods, New Jersey (Buell and
others 1954).

Conclusions

The rise in oak dominance in the eastern U.S. at the
beginning of the Holocene epoch (10,000 y. B.P.) was
associated with warmer and drier conditions and the
increased occurrence of fire (Watts 1980, Davis 1985, Webb
1988). It is well documented that American Indians actively
used fire for a multitude of purposes, and they were probably
responsible for increasing the incidence of forest and prairie
fires above that caused by lightning strikes (Gleason 1913,
Day 1953, Pyne 1985, Patterson and Sassaman 1988).
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While fires were too frequent in the tallgrass prairie region
and too infrequent in the northern hardwood forests for oaks
to prosper, the intermediate frequency and intensity of fire in
presettlement oak-hickory, oak-chestnut and oak-pine forests
were apparently necessary for long-term oak stability
(Abrams 1992).

Initially following European settlement, oak populations
throughout much of the eastern biome increased due to fire
exclusion in tallgrass prairie and southern pine forests,
widespread logging and burning of northern hardwood-
conifer forests, and logging, burning and the chestnut blight
in the eastern mixed-oak forest types. Moreover, oak species
have typically shown a strong affinity for drought-prone sites,
which are fairly common in the eastern U.S. from extreme
edaphic, physiographic and/or climatic factors. Despite their
low to moderate shade tolerance rating, eastern oak species
maintained themselves in pre-European settlement forests in
uneven-aged conditions, often growing very slowly for long
intervals. Recurring fire in presettlement oak understories
most likely prevented significant invasion by later
successional species. This coupled with adequate light
transmission through oak canopies probably facilitated oak
establishment and recruitment in presettlement forests.
Consistent with these ideas, oak species exhibit a suite of
adaptations for fire.

Widespread invasion of most oak understories, excluding the
most xeric and nutrient poor sites, by later successional tree
species and a lack of oak recruitment coincides with the start
of fire exclusion in the early 1900s. It has been argued that
continued fire exclusion will lead to a vast reduction in oak
dominance in the eastern forest (Lorimer 1985, Abrams
1992, 1998). However, white-tailed deer populations have
also risen dramatically in many eastern region during the

1900s. Considering that many oak species are highly
preferred browse species, large deer populations are
probably exacerbating the oak regeneration problem
(Hughes and Fahey 1991, Abrams 1998). Thus, the increase
in Acer and other later successional trees in many oak
forests may be a function of fire exclusion, differential deer
browsing, as well as other less well documented factors.
Therefore, without intensive management to reduce
competition from non-oak species and the predation of
seeds and seedlings, such as through the increased use of
fire and controlling deer populations, a major loss of
overstory oak dominance can be anticipated for the near
future.
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