
COMPOSITION AND STRUCTU_ OF AN OLD-GROWTH VERSUS

A SECOND-GROWTH WHITE OAK FOREST IN SOUTHWESTERN PENNSYLVANIA

Julie A. Downs and Marc D. Abrams t

Abstract: A relatively undisturbed, old-growth Quercus alba remnant and a second-growth
example of the forest type were surveyed in 1988-89 to investigate the successional status of
Q. alba in the region. Oaks (Q. alba, Q. rubra, and Q. velutina) totalled 18% importance in
the old-growth stand and 30% importance in the second-growth stand. The overstory of the
old-growth stand was mainly comprised of L. tulipifera, F. grandifolia, Q. alba and Nyssa
sylvatica, whereas the overstory of the second-growth stand was mainly Q. alba with a
relatively minor component of F. grandifolia, A. saccharum, and L. tulipifera. Acer rubrum,
A. saccharum, and Prunus serotina were the dominant seedlings in both stands. The younger

stand had greater sapling density. Both stands had few Quercus individuals in the understory.
The oldest and largest trees in both stands were Q. alba with ages of 310 years and 148 years
in the old-growth and second-growth stand, respectively. However, over 90% of all trees in
the old-growth stand were < 120 years-old. Logging of several trees in the 1930's and 40's

appears to have accelerated the dominance of the rnixed-mesophytic species in the old-growth
forest. The radial growth patterns of trees varied with species and canopy position.

i

However, the oldest oak trees had average growth rates of < 0.75 mm/yr and > 1.5-2.0
mm/yr in the old-growth and second-growth stands, respectively. Many of the understory _iil
trees had average growth rates of > 1.5-2.0 rnm/yr in both stands. We believe these stands
represent an early versus late stage of oak replacement by mixed-mesophytic species, a
process that seems inevitable in many eastern oak forests.

INTRODUCTION

Oak (Quercus) forests dominate much of the eastern deciduous forest biome and have been
considered a climax type by early ecologists (Braun 1950, Clements 1936). Indeed, oak
presence and dominance was recorded in presettlement forests of the northeast and
mid-Atlantic regions (Bromley 1935, Loeb 1987, Russell 1980, Secor 1975, Spun: 1951).
Oak dominance prior to European settlement in these regions may be explained, in part, by

periodic fire set by early Native Americans and by lightning (Buell et al.1954, Lorimer _
1985). Following European settlement, cutting and slash fires further perpetuated or even
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caused an increase in oaks in many areas (Crow 1988, Lutz 1928, Nowacld et al. 1990,
Whitney 1987). However, there now exists substantial documentation that oaks are failing to
regenerate under their own canopy, especially on mesic sites, suggesting oak replacement by
more shade tolerant species (Abrams 1986, Lorimer 1984, Nigh et al. 1985, Parker et al.
1985). Much of this evidence, however, comes from studies of relatively young forests of
generally less than 120-years-old with shade tolerant species confined to regeneration layers.
Many eastem oak species can, in fact, live well over 300 years (Fowells 1965). Thus,
examples of actual oak replacement with later successional species dominating the canopy of
old-growth stands are lacking.

In southwestern Pennsylvania we found a relatively undisturbed old-growth stand with white
oak (Q. alba (L.)) trees up to 310 years in age. In the same area there also existed an
undisturbed second-growth forest on a similar site with white oak trees up to 148 years in
age. This paper compares the composition, age and diameter structure, radial growth patterns
and regeneration trends in the old-growth stand with that of the second-growth stand to
provide evidence that mesic white oak forests in this region are not a true climax type and,
thus, are replaced by later successional species. Moreover, the results of this study may
indicate whether successional trends apparent in the younger stand actually occurred in the
old-growth stand.

METHODS

Study Area

The 3 ha old-growth forest, known as Sophia's Woods, is located within the 270 ha
Friendship Hill National Historic Site in Fayette County, in southwestern Pennsylvania.
Friendship Hill preserves the country estate of Albert Gallitin, the United States Secretary of
Treasury under Presidents Jefferson and Madison. Gallitin purchased this land in 1786 when
it was virgin timber. At that time, Gallitin girdled and removed some of the forest for
agricultural purposes. By 1880, after Gallifin had sold the estate, 90 ha were cleared for
pasture and food crops, while 180 ha were left in mature timber. By 1895, only 80 ha
remainedwooded. _,

A 1923 timber cruise of Friendship Hill reported that mature forests on the property were
predominantly oaks "of the various species" with ages up to 260 years, and that some trees
were of "unusual size" (e.g., the diameter of one white oak was 152 cm). It was also noted
that Carya (hickory) and Quercus coccinea (Muench.) (scarlet oak) were "dying". This report
recommended harvesting, but major timber operations were held off until the 1940's and
lasted intermittently through the 1950's. Between the 1930's and 1950's the amount of
non-forest area within the property had more than doubled.

Physical evidence within Sophia's Woods and growth patterns of the existing trees indicated
that this area was selectively cut in the 1930's and 1940's. Several large oak stumps (dbh >
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1 m) of low density (about 2 stumps/ha) were irregularly distributed throughout the stand.
Fire scarfing on trees was lacking and only one uprooted tree was observed. Sophia's Woods
is located on an upland bluff over the east bank of the Monongahela River. The stand is
gently sloping (3-8%) and is bisected by two small streams. The Monongahela silt loam soil
present is deep (1.5-5.0 rn) and moderately well-drained. The permeability of this soil is
moderately slow due to the presence of a fragipan, normally starting at a depth of 48 cm.
The available moisture capacity is high (Kopas 1973).

The 4 ha second-growth stand is located within the 1600 ha Bear Run Nature Reserve, also in
Fayette County in southwestern Pennsylvania. This second-growth stand originated after
clearcutting and is protected by the Western Pennsylvania Conservancy. No physical
evidence of logging or fire since stand initiation was observed. The Bear Run site is located
on an upland bluff over the east bank of the Youghiogheny River. The stand is gently
sloping to the northwest and traversed by 3 small intermittent streams. The Dekalb soil
present is a very stony, sandy loam and is moderately deep (0.6 -1.0 m). The permeability of
the soil is rapid and the available moisture capacity can be low (Kopas 1973).

The climate of Fayette County is humid continental. Annual precipitation averages 101 cm
per year and is evenly distributed. The mean annual temperature is 12° C (monthly range =
-18 to 35° C). The growing season averages about 169 days (Kopas 1973). i

FieldMethods _

Trees (individuals > 10 cm at 1.37 m; dbh) of Sophia's Woods and Bear Run were surveyed
during July 1988 and July 1989, respectively, using the point-quarter method (Cottam and i
Curtis 1956). Twenty sample points located at 20 m intervals along transects were used.
Transects were oriented to best include the entire study area and avoid edges. Species name,
dbh and distance to the point center of the tree in each of four quadrants closest to the sample

point were recorded. These data were used to calculate importance values for each tree
species as the sum of relative dominance, frequency and density. The canopy class of each
sample tree was rated as dominant, codominant, intermediate, or overtopped (cf. Smith 1986).
Sample trees were also cored at 1.37 m for age determination. In Sophia's Woods every
sample tree was cored because of the wide range of tree ages. In contrast, only two sample
trees from each plot were cored in the younger Bear Run stand. A total of 61 suitable cores
from Sophia's Woods were sanded, stained and measured for annual radial growth to the
nearest 0.1 mm with a dissecting scope and an ocular micrometer. A total of 37 suitable

cores from Bear Run were analyzed using the same technique.

Using the 20 sample points in the tree survey as centers, fixed area plots were established in !_
both stands for regeneration data. Saplings (tree species < 10 cm dbh and taller than 1.37 m) i

and seedlings (tree species < 1.37 m tall) were counted by species in 10 m2 and 5 m2 plots,
respectively.
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RESULTS

In Sophia's Woods, the old-growth stand, Fagus grandifolia (Ehrh.) (beech), Acer rubrum
(L.) (red maple) and Liriodendron tulipifera (L.) (tulip poplar) represented 63% of the
importance value total (Table 1). White oak, Quercus rubra (L.) (northern red oak), and Q.
velutina (Lam.) (black oak) totalled only 18% importance. The importance of white oak in
Sophia's Woods was mainly due to its high basal area from a few large diameter individuals.
Bear Run, the second-growth stand, was dominated by white oak, Acer saccharum (Marsh.)
(sugar maple), red maple and tulip poplar which represented 76% of the importance value.

Table 1.--Relative importance values for trees (> 10 cm dbh) surveyed during 1988 and 1989
in an old-growth (Sophia's Woods) and a second-growth (Bear Run) stand on mesic sites in
southwest Pennsylvania. Relative importance value is the sum of the relative dominance,
frequency, and density divided by three for each species.

Species ImportanceValue

Sophia's Woods Bear Run

Quercus alba 11 27

Quercus velutina 3 1

Quercus rubra 4 1

Acer rubrum 20 12

Acer saccharum 5 25

Liriodendron tulipifera 18 11

Fagus grandifolia 25 7

Betula lenta 4 4

Nyssa sylvatica 4 1

Prunus serotina 2 1

Tilia americana 2 --

Comus florida 1 4

Carya spp. 1 2

Ulmus spp. -- 4

Prunus serotina (Ehrh.) (black cherry), red maple and sugar maple were the dominant
seeAlings surveyed in Sophia's Woods and Bear Run, despite the low importance of black
cherry trees on both sites (Table 2). Sugar maple and red maple had similar seedling
densities at Bear Run, while the density of red maple seedlings was 400% greater than that of
sugar maple in Sophia's Woods. Sophia's Woods had greater total seedling density than
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Table 2.--Seedling and sapling data (no./ha +se) from the 1988 and 1989 survey of an
old-growth forest (Sophia's Woods, SW) and a second-growth forest (Bear Run, BR) on
mesic sites in southwest Pennsylvania.

Species Seedlings Saplings

SW BR SW BR

Acer rubrum 23400+_300 7600+153 50+_2 900+_3

Acer saccharum 5100+_61 7100+119 100+_3 50+_2 i

Prunus serotina 11000+138 14300+123 50+_2 500+15

Nyssa sylvatica 4900+160 600+18 50+_2 450+10

Quercus aIba 3000+_82 500+10 0_+0 300+8

Quercus rubra 2500+_58 800+_22 0_+0 0+0

Quercus velutina 100+...5 0_+0 0+0 0_+0

Fraxinus spp. 1500+_27 700+17 100+_3 150+_5

Fagus grandifolia 1100+15 300+_8 100+_5 700+14

Carya spp. 500+18 900+_25 0_+0 100+_3

Cornus florida 100+...5 900+_25 0_+0 100+_3 i

Hamamelis virginiana 0_+0 4900+159 0+0 600+16

Crataegus spp. 0+_0 700+_3 0_+0 50+_2

Sassafras albidum 0+0 600+15 0+0 0+0

Ulmus spp. 0_+0 500+_25 0_+0 50+-2

Asimina triloba 0+_0 400+12 0_+0 100+_3

Betula lenta 0_+0 100+._5 0+0 50+2

Liriodendron tuIipifera 0_+0 100+_5 0_+0 50+-2

Total 53300+._874 41000+_744 450+17 4150+90

i
Bear Run and twice the number of species with seedling density > 1000/ha. However, these

species (which included Nyssa sylvatica (Marsh.) (blackgum), northern red oak, white oak,
Fraxinus spp. (ash) and beech) had few if any saplings (from 0-100/ha) in Sophia's Woods.
At Bear Run these same species had saplings with densities in the range of 150-900/ha (with
the exception of northern red oak). Seedlings and saplings of tulip poplar were absent in the
sample plots at both sites, but were observed under canopy gaps.

211 8th CentralHardwoodForestConference



Diameter class distribution in both stands approximated a reverse-J curve typical of an
uneven-aged condition (Figure 1) (cf. Smith 1986). In Sophia's Woods the large diameter
classes ( > 60 cm) were dominated by white oak and beech, whereas the medium classes
(35-60 cm) were dominated by tulip poplar and beech with some blackgum. The small
diameter classes ( < 35 cm) at Sophia's Woods were dominated by red maple, with some
sugar maple, beech and tulip poplar also present. White oak and beech dominated the larger
and medium diameter classes and sugar maple followed by red maple dominated the smaller
diameter classes at Bear Run. Relatively few oak trees were surveyed in the smaller diameter
classes at either site. Diameter distribution and tree size was similar in both stands despite the

great difference in stand ages.
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FigureI.Diameterdistributionoftreespeciesinanold-growthoakforest(Sophia'sWoods)andasecond-growth
oakforest(BearRun)insouthwesternPennsylvania.OtherspeciesincludeBetulalenta,Prunusserotina,Tilia
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Table 3.--Canopy and diameter class distributions among the surveyed trees at Sophia's
Woods (SW) and Bear Run (BR), old-growth and second-growth stands, respectively, in
southwest Pennsylvania, surveyed in 1988 and 1989. N=number of individuals. Large,
medium and small diameter classes are dbh >60, 35-60 and <35 cm, respectively.

Canopy Class Species N Diameter Class
SW BR SW BR

Dominant: Liriodendron tulipifera 5 1 Medium Large

Fagus grandifolia 4 1 Large Large
Quercus alba 3 3 Large Large
Quercus velutina 1 0 Medium .....

Nyssa sylvatica 1 0 Large .....
Tilia americana 1 0 Medium .....

Codominant: Liriodendron tulipifera 2 3 Medium Medium

Fagus grandifolia 2 1 Medium Medium

Nyssa syIvatica 1 0 Medium ......
Betula lenta 1 0 Medium ......

Quercus alba 0 8 ...... Medium
Acer saccharum 0 2 ...... Medium
Acer rubrum 0 1 ...... Medium

Intermediate: Fagus grandifola 6 0 Medium ......
Liriodendron tulipifera 4 1 Small Medium
Acer rubrum 2 3 Small Small _
Acer saccharum 0 9 ..... Small

Quercus rubra 2 0 Medium .....
Quercus velutina 1 0 Medium .....

Carya spp. 0 2 ...... Small

Ulmus spp. 0 2 ...... Small

Prunus serotina 0 1 ...... Small !i

Overtopped: Acer rubrum 22 8 Small Small
Acer saccharum 6 18 Small Small

Fagus grandifolia 7 2 Small Small
Liriodendron tulipifera 2 2 Small Small
Betula lenta 2 3 Small Small

Carya spp. 1 0 Small .....
Prunus serotina 2 0 Small .....

Quercus rubra 1 1 Small Small

Quercus alba 0 1 ..... Small
Quercus velutina 0 1 ..... Small
Comus florida 1 4 Small Small

Ulmus spp. 0 1 ..... Small

Nyssa sylvatica 0 1 ..... Small
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Canopy position of trees in Sophia's Woods and Bear Run was closely retated to their
respective diameter class (Table 3). However, species composition within canopy classes
differed between the old-growth and second growth stands. More dominant beech and tulip
poplar were surveyed at Sophia's Woods versus Bear Run. Eight codominant white oaks
were surveyed at Bear Run compared to none at Sophia's Woods. Sugar maple and red
maple were overstory codominants at Bear Run but not at Sophia's Woods. Sophia's Woods
had a greater number of dominant overstory species, which included blackgum, black oak,
and Betula Ienta (L.) (black birch), not present at Bear Run. Overtopped trees in Sophia's
Woods were primarily red maple, beech and sugar maple, while at Bear Run more overtopped
sugar maple and less beech and red maple were present.

Two white oaks were estimated to be > 300 years-old at Sophia's Woods (Figure 2).
However, greater than 90% of all sampled trees were less than 120 years-old, including many
beech, tulip poplar and red maple, but few oaks. Several beech and tulip poplar were in the
canopy despite their relatively young ages (Table 3). At Bear Run, white oak, with a
maximum age of 148 years, and to a lesser extent beech, dominated the higher age classes. A
greater number of 90-148 year-old white oaks were surveyed at Bear Run compared to
Sophia's Woods. Sugar maple was much more dominant in the younger age classes at Bear
Run compared to Sophia's Woods. Relatively few individuals in the 20-year class were
observed at either site.

Radial growth patterns of the surveyed trees varied with species and canopy position in both
stands (Figures 3 and 4). Several cores of Sophia's Woods showed release in the 1930's and
40's which coincided with reported logging activities (Figure 3D, E, F, G, and H). Many
trees in Bear Run also exhibited periodic release, such as intermediate white oak, red maple
and sugar maple, presumably in response to natural gaps (Figure 4B, D, G). A codominant
sugar maple in Bear Run had high but decreasing growth with age, suggesting it had
originated in a gap and had no accelerated growth after reaching the canopy (Figure 4C) (cf.
Lodmer et al. 1988). A dominant white oak in Sophia's Woods exhibited this same pattern
(Figure 3C). An understory northern red oak at Bear Run had early growth of 5.0 mm/yr and
a decrease to < 1.0 mm/yr probably as a result of gap closure (Figure 4H). A codominant
beech at Bear Run (Figure 4E) displayed moderate, low, then high radial growth, suggesting
that it grew during the opening and closing of a gap and then was released upon reaching the
canopy. Tulip poplar exhibited the highest average growth rate of any species in both stands
(3.0 mm/yr), with no extended periods of suppression.

Differences in radial growth between stands were apparent when comparing the oldest oaks.
At Sophia's Woods a 310 year-old white oak and a 240 year old black oak averaged <
0.60-0.75 mm/yr radial growth (Figure 3A, B). In contrast, the oldest white oaks of Bear Run
averaged > 1.5-2.0 mm/yr radial growth (Figure 4A, B). Younger trees of all species at both
sites, in general, had average growth rates exceeding 1.5-2.0 ram/yr.
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Figure 2. Age distribution of tree species in an old-growth oak forest (Sophia's Woods) and a second-growth oak i
forest (Bear Run) in southwestern Pennsylvania. Other species include Betula lenta, Prunus serotina, Tilia i_
americana, Cornus florida and Aesculus spp. in Sophia's Woods and Prunus serotina, Carya spp. and Ulmus spp. in

BearRun. i:

DISCUSSION !i!_

Presettlement forests of southwestern Pennsylvania were dominated by white oak (Braun ;i
1950, Jenning 1927). Beech may have been a codominant with white oak in the original
forests (Braun 1950), and at Friendship Hill one beech and two white oak were among five
trees present in a 1787 survey of the property comers. The age of beech trees relative to
white oak in the original forests is unknown, but they were distinctly younger than the white
oaks in Sophia's Woods, despite that beech can live over 300 years. Periodic fire by Native

Americans and lightning seems to be responsible, at least in part, for the predominance of oak i_iili
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codominant, I = intermediate, O = overtopped (cf, Smith 1986).
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in the region prior to European settlement (Buell et at. t954, Lorirner 1984)o Not
surprisingly, however, fire scarring on trees was not observed at Sophia's Woods, which has
been a country estate for the last 200 years. Sophia's Woods was probably dominated by
white oak in the 1600-1700's. Five trees (four oak and one blackgum) in the stand were over
195 years and the two oldest trees were white oak of over 300 years.

All of the older trees surveyed at Sophia's Woods exhibited slow radial growth of
approximately 0.60-0.75 mm/yr. The specific reason for slow growth of the oldest white oak
is unknown, but may be related to growing up in small gaps of an uneven-aged forest, or to
the differential survival of slow growing individuals in an even-aged oak cohort. In contrast,
the white oak of Bear Run originated directly after logging and exhibited high growth rates (>
1.5-2.0 mm/yr) probably in response to growing in high light. Likewise, many present-day
northeastern, Lake States and Central Plains oak forests have an even-aged cohort of oak that
originated either directly after large-scale disturbances, such as logging and fire, or the
cessation of prairie fires and exhibited relatively high growth rates (Abrams 1986, Knox 1984,
Lorimer 1981, Nowacki et al. 1990, Oliver and Stephens 1977). The younger northern red
oaks in Sophia's Woods had much higher radial growth than the older white oaks and black
oaks, suggesting that these individuals benefited from greater understory light conditions
created by periodic logging or other gap-creating events. Relatively high growth rates with
little or no periods of prolonged suppression were also exhibited by younger trees of beech,
tulip poplar, red maple and sugar maple at Sophia's Woods, which matched the growth rates
of those species at Bear Run. The general scarcity of trees > 195 years and the consistently
high growth rates of younger individuals in Sophia's Woods suggest the occurrence of
selective logging not reported in the historical record.

Oaks at both study sites were represented almost exclusively in the older age and middle to
larger diameter classes, with the slight exception of northern red oak. Northern red oaks were
also present in the smaller diameter classes of two virgin hemlock-pine forests in
northwestern Pennsylvania (Morey 1936a), and were able to maintain a minor place in the
forest canopy by infrequent gap capture in a southern Appalachian hardwood forest (Barden
1981). A scarcity of young oak trees is typical of many forests in eastern North America,
and this has been used as evidence for predicting oak replacement by more shade tolerant
species (Abrams 1986, Adams and Anderson 1980, Fralish 1988, Host et al. 1987, Ix)timer
1984, Nowacki et al. 1990, Parker et al. 1985).

In both Sophia's Woods and Bear Run, beech, tulip poplar, red maple and sugar maple
dominated the smaller and middle tree classes. In addition, many beech and tulip poplar and
some blackgum, Tilia americana (L.) (basswood) and black birch also dominated the upper
canopy at Sophia's Woods. This contrasted with the predominance of white oak at Bear Run
and suggests that Sophia's Woods is in a later stage of oak replacement. Red maple and
sugar maple trees at Sophia's Woods were generally smaller in diameter and height than the
other mesophytic hardwoods, but showed every indication of becoming a codominant in the
canopy in the near future. Red maple and sugar maple were present as codominants and
dominated as understory trees at Bear Run. Thus, a pattern of decreasing oak and increasing
sugar and red maple importance was also apparent in this stand. The more advanced status of

maples at Bear Run versus Sophia's Woods may be due to the more extensive or complete

8th Central Hardwood Forest Conference ' ' ' 218 ....



logging of that stand. We were somewhat surprised at the higher importance of sugar maple
at Bear Run which has soil with lower moisture holding capacity than that at Sophia's
Woods. Other studies reported higher red maple than sugar maple in drier oak forests (Host
et al. 1987, Nowacki et al. 1990).

A pattern of gradual decreasing oak and increasing tulip poplar, beech and some red maple
trees in Sophia's Woods was apparent before the selective logging in the 1930-40's.
However, peak recruitment of these species and sugar maple occurred during and shortly after
logging. Thus, this stand seems to have experienced accelerated succession of
mixed-mesophytic hardwoods following logging ( cf. Abrams and Scott 1989, Lorimer 1985).
Similarly, gaps created by oak wilt or gypsy moth in eastern and Lake States forests became
dominated by sugar maple or red maple (Collins 1961, Menges and Loucks 1984, Tryon et al.
1983). Beech has been reported to grow slowly as saplings beneath overstory conifers or
hardwoods and then extend to the canopy following subsequent disturbance (Foster 1988,
Spurr 1956). The small number of younger trees ( in the 20-year age class) and saplings in
both stands may be due to monopolization of resources (e.g. from canopy closure) by older,
shade tolerant or gap-specialist trees.

Red maple was a dominant seedling at Sophia's woods and Bear Run, which was consistent
with its importance as an understory tree at both sites. Red maple is the dominant seedling in
many eastern and Lake States oak forests (Christensen 1977, Host et al. 1987, Lorimer 1984,
Nowacki et al. 1990). Beech was poorly represented as seedlings at both sites which
contrasts with its reputation of forming a dense seedling layer even in heavily shaded
understories (Curtis and Rushmore 1958, Fowells 1965). However, beech seedlings were also
scarce in many southeastern Pennsylvania hardwood forests, where reproduction of this
species occurs mainly from root suckers (Keever 1973). Regardless, beech was present in
most age classes in both stands. Tulip poplar also dominated the overstory but was not
surveyed in the seedling layer at either site. Tulip poplar is intolerant of shade, but is a
component of old-growth forests because it is an aggressive gap-phase species that often
dominates its own gaps, and because trees of this species obtain great size and age (Buckner
and McCracken 1978). Northern red oak and white oak were well represented as seedlings
at Sophia's Woods, but they were poorly represented at Bear Run. Northern red oak has had
some recruitment into the tree size class over the last 80 years in Sophia's Woods whereas
white oak has not. Oak recruitment in closed stands may be limited to whether or not a
substantial number of oak seedlings are present (Abrams 1986, Nowacki et al. 1990).

Black cherry seedlings dominated at Bear Run and were second in abundance to red maple at
Sophia's Woods, despite the presence of only a few black cherry trees in both stands. The
adults in Sophia's Woods were only about 20-years-old, which suggests that black cherry
invaded the stand relatively recently. Black cherry recruitment in response to canopy gaps
has been reported for oak woods in Wisconsin (Auclair and Cottam 1971, McCune and
Cottam 1985), and has been observed in mesic white oak stands in central Pennsylvania
(Nowacki and Abrams, unpublished data). We anticipate a gradual increase of black cherry
into the canopy of Sophia's Woods and Bear Run.
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In conclusion, Sophia's Woods is a remnant white oak forest in a late stage of oak
replacemenL Presettlement white oak forests in the region were probably maintained by
periodic fire. Younger mixed-oak forests in the region are most likely a direct response to
wide-spread cutting and subsequent fire in the mid-to late-1800's (Powell and Considine
1982). Sophia's Woods has been a part of a country estate since the late 1700's, during
which time fire frequency was most likely reduced and a succession from white oak to
mixed-mesophytic species has occurred. No white oaks under 130-years-old were surveyed,
whereas numerous beech, tulip poplar, red maple, and sugar maple trees less than 120
years-old were present. A succession toward these mixed-mesophytic species was also
apparent at Bear Run, but because of the relatively young stand age white oak still dominated.
Replacement of oaks on undisturbed sites is relatively slow due to their longevity, but the
results of this and previous studies of second growth oak forests indicate the inevitability of
this process in many eastern forests.
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