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Introduction

Land-use history is an important determinant of vegetation
patterns in many ecosystems world-wide (Foster 1992, Orwig
and Abrams 1994, Verheyen et al. 1999, Dahlstrom et al.
2006). Forest composition has been reported to differ between
sites following agricultural abandonment compared with near-
by unplowed soils (Glitzenstein et al. 1990, Motzkin et al.
1996). Differences have also been reported in soil chemistry
and nutrient cycling processes, including higher pH and cal-
cium in cultivated forest and grassland soils (Glatzel 1991,
Connell et al. 1995, Verheyen et al. 1999). However, impacts
of land-use history on soil chemistry may be less profound in
the U.S. than in Europe (Motzkin et al. 1996, Koerner et al.
1997, Flinn et al. 2005). This has been attributed to the
comparatively short history of post-European settlement
(150–400 years) in the U.S. relative to Europe (5,000+years;
Foster 1992). Moreover, there is a relative scarcity of detailed
studies on the impacts of land-use history on plant biogeog-
raphy and soils in the U.S. (Abrams and Hayes 2008).

Quercus and Pinus forests dominate much of the eastern
deciduous biome and have done so for much of the
Holocene epoch (Braun 1950, Abrams and Nowacki 2008).
Recurring fire resulted in the perpetuation of the relatively fire
resistant and light demanding species, such as Quercus,
Carya, and Pinus species, while restricting the distribution
of most late successional, pyrophobic tree species (Abrams
1996, Abrams 2003, Nowacki and Abrams 2008). The mag-
nitude of anthropogenic disturbances in North American

forests changed dramatically following European settlement.
These included extensive logging and land clearing, cata-
strophic fire followed by fire suppression, building of roads
and towns, agriculture often followed by abandonment, the
introduction of exotic insects and diseases, and the spread of
exotic and native invasive plant species (Foster 1992, Abrams
2003). All of these factors have led to unprecedented and rapid
changes in forest composition and structure. In many respects,
the landscape has undergone a nearly complete transformation
in the years following European settlement (Whitney 1994,
Foster et al. 1998). Land-use history represents a highly
pervasive, yet understudied, ecological force affecting forests
of the eastern U.S. and elsewhere (Russell 1997, Abrams and
Hayes 2008).

The extensive Scotia Barrens in central Pennsylvania con-
tains one of the premier oak barrens sites in the northeastern
U.S. (Nowacki and Abrams 1992). It was extensively used for
the early mining of iron ore and charcoal production as a fuel
source in local furnaces and forges. However, little is known
about the forest composition, ecological history, or the im-
pacts of land-use history on vegetation, plant succession, and
soils at the Scotia Barrens. Indeed, very little detailed infor-
mation of this type exists for many northeastern forests
(Ehrenfeld 1982, Clark 1986, Motzkin et al. 2002). Two
forested areas exist at the Scotia Barrens that differ dramati-
cally in their land-use history: one contains a concentration of
old, abandoned homesteads (called the Old Town of Scotia or
Old Town); the second is an area that was logged and burned
between 1800 and early 1900s, but was not used for
homesteading. In the early 1900s, following homestead aban-
donment, the Old Town area was invaded by native and exotic
shrub species. The contrasting land-use in edaphically similar
and juxtaposed forests creates a unique opportunity to study
the impacts of anthropogenic disturbances on the plant geog-
raphy and succession. The objectives of this research are to
characterize the impacts of land-use history on vegetation
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composition and soils and includes: 1) tree species composi-
tion and diameter distribution; 2) soil type, texture, and chem-
istry, including the presence or absence of altered surface
horizons and soil charcoal from past fires; 3) the impact of
invasive shrub cover on forest composition; and 4) the histor-
ical development and successional trends in the study area
forests.

Study Site Description

The Scotia Barrens are located in Centre County,
Pennsylvania at 40.7 North latitude and 77.9 West longitude
(Fig. 1). The majority of the area is owned by the
Pennsylvania Game Commission (State Game Lands 176).
This area has a humid continental climate, with annual mean
temperatures of about 54° Fahrenheit (12° C), and annual
precipitation (including snowfall equivalent) averaging
204 cm (computed with data from 1981 to 2010; NOAA
2014 National Climatic Data Center). Underlying soils are
mainly Morrison sandy loam (Braker 1975) and the soils
throughout the area are generally sandy in texture, droughty,
and nutrient-poor. The Barrens lies at 400 m above sea level.

The Barrens has experienced intense land use in its post-
European settlement history, as a center of iron ore mining
during various periods of time spanning from the late 1700s to
mid-1900s (Williams 1992). In 1791–1792, the charcoal iron
industry began in what would become the Centre County area,
with the establishment of Centre Furnace. The nearby Barrens
was rich in ore deposits, and was the site of several separate
mining operations, initiated with hand-dug mines of the late
1700s. Mining operations in the Barrens peaked in the mid to

late 1800s, when ore outputs were in many years thousands of
tons from individual mines. In 1881–1882, land was pur-
chased by Andrew Carnegie and a modern full-scale industrial
mining operation was developed to supply Carnegie’s
Pittsburgh furnaces, complete with the construction of the
Old Town of Scotia to house the miners and their families.
From 1881 to 1911, the town of Scotia prospered with the
productive mining operation. In 1911, the iron works were
shut down, and Scotia fell into ruin. One final unsuccessful
mining operation was attempted in the early 1940s by the
Scotia Mining Company and the US Bureau of Mines, and
in 1942 the Barrens was acquired by the Pennsylvania Game
Commission.

Mining operations in the Barrens fostered other intensive
forms of land use and disturbance, and created legacy effects
in the forest and soils of the area (Williams 1992). Beginning
about 1860, extensive logging was conducted in the Barrens
on a short rotation for the production of charcoal to fuel the
iron furnaces. In the years 1865, 1869, 1873, and 1897, large
forest fires occurred due to sparks from railroad lines
established for the mining operation igniting in logging slash.
Many smaller fires occurred throughout the area as well. In
addition to the forest, the soil was disturbed in the majority of
areas in the Barrens for the mining activities. Reduced soil
fertility due to intensive disturbance in combination with
frequent logging and fire produced a unique vegetative com-
munity. In contrast, at the Old Town of Scotia soil disturbance
was not nearly as dramatic, although human activities such as
production of kitchen waste and planting and tending of
gardens created a much more fertile microenvironment than
that of the surrounding area. The early inhabitants also planted
trees most likely for their dietary and timber attributes that are

Fig. 1 Map of the Scotia barrens
near state college, in centre
county, Pennsylvania
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not highly typical of the barrens. The abandonment of the
town left the area exposed for invasion by ruderal and non-
native invasive species such as Lonicera L. species and
Ligustrum vulgare L.

Methods

The Old Town of Scotia was delineated using aerial photos,
historic maps, and field knowledge. The Town consists of an
area of about two hectares in size, including eleven double
residences and the house of the Superintendent of Mines.
About 500 m to the southwest, a forested site of 10 ha and
representative of the Barrens was delineated on the same soil
type (Morrison sandy loam). This area was not used for
homesteading, and was surveyed for comparative purposes,
hereafter called the “control” forest, despite its past history of
logging and understory fire. The control forest was chosen
through examination of aerial photography as well as lidar-
derived digital elevation models (publicly available data
through the PAMAP LiDAR program) to determine the loca-
tion of an area of similar size as the Old Town, but that hadn’t
been impacted heavily by activities such as construction of
mining infrastructure. Two random transects were placed
within each of the sites. Stratified circular plots were placed
along transects at intervals of ten meters for a total of eight
plots in each forest. Overstory trees (tree species>10 cm dbh;
diameter at breast height of 1.3 m) were identified to
species and dbh was recorded in a 42 m2 plot. Saplings
(tree species>1.4 m in height and<10 cm dbh) were identified
and counted in a 10m2 plot, and seedlings (tree species<1.4 m
in height) and herbaceous, shrub, and vine species were quan-
tified in a 5 m2 plot. Seedlings were identified and counted,
and herbaceous species, shrubs, and vines were given a cover
class percentage within each plot (0–5 %, 5.1–25 %, 25.1–
50 %, 50.1–75 %, 75.1–95 %, 95.1–100 %).

Soil samples were taken at each plot center with a 25 mm
diameter soil corer for color analysis, nutrient analysis, and
soil charcoal. When each sample was taken, the top 10 cm of
soil and the organic layer were removed. Soil color was
determined in the field using the Munsell 10YR system of
color coding (Munsell Color Company 1975). Samples were
then contained in plastic bags, and transported back to a lab. In
the lab, samples were spread on a surface to dry, and thor-
oughly searched for coarse soil charcoal, defined as charcoal
pieces greater than 2 mm in dimension (length or width;
Ohlson and Tryterud 2000, Gavin et al. 2003). Soil charcoal
samples were determined to be either positive or negative for
coarse charcoal. Samples were then sifted to separate out
organic material, air dried as soon as possible, and sealed in
plastic bags. They were analyzed at the Penn State Agriculture
Analytical Services Lab for pH, phosphorous (P; ppm), po-
tassium (K; ppm), magnesium (Mg; ppm), calcium (Ca; ppm),

acidity (meq/100 g), cation exchange capacity (CEC;
meq/100 g), percent saturation of the CEC by K, Mg, and
Ca, and analysis of trace element composition (zinc, copper,
and sulfur; in ppm).

Data collected on overstory individuals of tree species were
analyzed for frequency, density, dominance and total and
relative importance value. The frequency for each tree species
is expressed as the number of plots in which overstory indi-
viduals of that species occurred. The density of each tree
species was the number of overstory individuals of that spe-
cies found in all plots. Density was then scaled up to the
number of trees per hectare of each species. Dominance was
expressed as the total basal area for overstory individuals of
each tree species across all plots, and was also scaled up to
basal area (m2) per hectare. The Importance Value for each
species was calculated by adding the relative indices together,
and finally, a relative importance value was calculated for each
species by dividing the Importance Value by three. Sapling
and seedling data were expressed as number per hectare for
each species. Shrub, herbaceous, and vine species’ midpoint
cover classes were calculated for each observation, and aver-
aged across all plots to obtain an overall cover percentage for
each species. Soil nutrient analysis data was obtained from
Penn State Agricultural Analytical Services Lab and each
metric was averaged across all samples for each site. Soil
charcoal presence/absence data were aggregated across all
samples for each site, and the percent of samples positive for
coarse soil charcoal was recorded. Soil color observations
were compared using a system of continuous coding of
Munsell 10YR values (Table 1). This coding system relies
on a scaling from darkest soil to lightest soil, with allowances
for the fact that colors of black and brown are more represen-
tative of soil organic matter content than colors of gray or
yellow.

Table 1 Munsell values
and corresponding codes
for statistical analysis.
Low Munsell values
used in this study are in-
dicative of darker brown
to black colors, whereas
higher values are indica-
tive of lighter yellow and
tan colors

Munsell value Analysis code

2/1 1

2/2 2

3/1 3

3/2 4

3/3 5

3/4 and 3/6 6

4/4 and 4/6 7

4/3 8

4/2 9

4/1 10

5/3 11

5/4 to 5/8 12

5/2 13

5/1 14
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In terms of experimental design and statistics, this study
was challenged by the fact that the Old Town site could not be
replicated; only one such site exists. The “control” forest
could have been replicated in the sense that other similar
stands exist, but because of their relatively large size (>5 ha)
there would be inherent variability between them. Thus, we
randomly chose one representative control forest that was
located close to Old Town. We used the eight plots in each
stands as replicates and tested for differences between the
plots in each stand (not the stand themselves). Soils data were
distributed normally; therefore statistical analysis was con-
ducted using 2-sample student’s t-tests for significant differ-
ences between Old Town and off-site data. Vegetation data did
not meet all normality assumptions; therefore a Wilcoxon
rank-sum test (or Mann–Whitney U test) was used to test for
differences between species that were found in common be-
tween the Old Town and control forest. All tests were con-
ducted in statistical program R (R Core Team 2012).

Results and Discussion

Forest composition was dramatically different between the
Old Town of Scotia and the control stand. The latter contained
only two tree species, Q. alba L. and Acer rubrum L.
(Table 2). In contrast the Old Town forest contained nine tree
species and was dominated by Juglans nigra L., Catalpa
speciosa (Warder) and Prunus serotina Ehrh. Sapling density
was quite low in the Old Town forest, whereas the control
forest had a high density of A. rubrum saplings (Table 3). No
tree seedlings were recorded in the Old Town forest, whereas
over 94,000 seedlings/ha dominated by Q. alba, A. rubrum
and P. serotina were surveyed in the control forest (Table 3).
Shrub and herb cover at the Old Town forest (148 %) was
more than double that in the control forest (62 %). Shrub and

herb cover at the Old Town was dominated by significantly
more Lonicera and Parthenocissus quinquefolia (L.) Planch
than the control forest (p<0.01 for both comparisons) and
included a large component of Maianthemum canadense
Desf. (Table 4). In contrast, the control forest was dominated
by significantly greater percent cover of Rubus L. species
(p<0.03) and contained a large amount of Vaccinium
angustifolium Aiton. Soils at the Old Town site had signifi-
cantly higher concentrations of phosphorous, potassium, mag-
nesium, calcium, zinc, copper and sulfur than soils of the
control forest (Table 5). Old Town soils were also significantly
higher in pH (and consequently significantly lower in acidity
measurements), darker in color, and had a higher frequency of
charcoal present than did soils in the control forest (Table 5).

Charcoal iron industry activities during the 18th, 19th and
early 20th centuries involved periodic cutting of the original

Table 2 Overstory composition (density, dominance, frequency and total and relative importance values) of the old town of Scotia and control forest. RIV
is the relative importance value expressed as %, totaling 100 %

Density (stems/ha) Dominance (m2/ha) Frequency (# of plots) Importance value & RIV

Species Old Town Control forest Old Town Control forest Old Town Control forest Old Town Control forest

Juglans nigra 328.9 – 21.1 – 7 – 120.4 40.1 – –

Prunus serotina 269.1 – 13.1 – 4 – 79.6 26.5 – –

Catalpa speciosa 179.4 – 5.2 – 2 – 41.2 13.7 – –

Juglans cinerea 59.8 – 1.0 – 2 – 18.9 6.3 – –

Acer rubrum 59.8 299.0 0.5 1.6 1 5 12.6 4.2 75.2 25.1

Ulmus rubra 29.9 – 0.7 – 1 – 10.1 3.4 – –

Quercus rubra 29.9 – 0.2 – 1 – 8.7 2.9 – –

Rhamnus cathartica 29.9 – 0.1 – 1 – 8.6 2.9 – –

Quercus alba – 657.8 – 27.2 – 8 – – 224.8 74.9

TOTAL 987 957 42 29 19 13 300 100 300 100

Table 3 Sapling and seedling densities recorded in the old town of Scotia
and control forest

Saplings/ha Seedlings/ha

Species Old Town Control Old Town Control

Ulmus rubra 134.6 – – –

Quercus velutina 134.6 – – –

Acer rubrum – 4,171.2 – 43,595.3

Prunus serotina – 403.7 – 10,495.2

Carpinus caroliniana – 134.6 – 807.3

Quercus alba – – – 36,060.3

Cornus florida – – – 1,345.5

Quercus rubra – – – 1,076.4

Amelanchier spp – – – 807.3

Carya glabra – – – 269.1

TOTAL 269 4,709 0 94,456
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Quercus-Pinus forests along with the mining of iron ore
(Abrams and Nowacki 1992). Human settlement at the Old
Town of Scotia resulted in the construction of buildings for the
housing of miners and their families, followed by the planting
of trees and shrubs, gardening, discarding of refuse, tending
livestock, and other land-use practices (Williams 1992). These
events greatly influenced the past and present-day forests at
the Old Town of Scotia. Outside of Old Town, intensive and
repeated logging of the Barrens produced coppice-sprout for-
ests and debris (tree tops and branches) that likely fueled large
forest fires in 1865, 1869, 1873 and 1897. In addition, the
sandy and nutrient-poor soil conditions and microclimate at
the Scotia barrens greatly influenced forest vegetation,

including the dominance of Quercus and Pinus (Nowacki
and Abrams 1992). In contrast, the lack of repeated logging,
fire and mining activities at the Old Town site, coupled with
soil amendments and the planting of some species and inva-
sion of others following abandonment, resulted in a much
different composition and successional trajectories at the
study sites.

Old Town was dominated by J. nigra, P. serotina, Catalpa
and J. cinerea L., which were likely planted by early settlers
for nuts, berries, medicinal purposes, high quality wood, and
for fence posts in the case of Catalpa (Abrams and Nowacki
2008). The presence of J. nigra is particularly indicative of
human influence, because the Barrens area has nutrient poor,
excessively well-drained, sandy soils in most areas, while
J. nigra is typically associated with moist, high nutrient,
riparian sites (Keever 1973). The two primary, and comple-
mentary, explanations for this disparity are that the early
inhabitants planted Juglans as a nut-producing, lumber or
shade tree, and/or the intentional or unintentional alteration
of soils in the Old Town by the inhabitants facilitated its
establishment. Both of these were likely integral in post-
abandonment colonization by J. nigra at Old Town. This
species is also a typical invader of abandoned old-fields in
Pennsylvania and other northeastern locations (Keever 1973).
Lonicera and Rosa multiflora Thunb. also invaded the Old
Town site following abandonment, probably facilitated by
their presence as ornamentals in nearby towns. Rosa
multiflora is also a popular wildlife food and cover species
(Patterson 1976, Luken and Thieret 1996, Pennsylvania
Department of Agriculture 2011). The limited development
of more representative tree species, such as Quercus, Acer
rubrum or Pinus at Old Town may be due to the dense
cover of invasive shrub and herb species that formed after
human abandonment.

Table 4 Shrub, vine and herbaceous species composition (recorded in
average percent cover) of the Old Town of Scotia and control forest, with
statistical results between the two study areas

Percent cover p-value

Species Old town Control

Lonicera maackii 40.63 1.88 0.01

Parthenocissus quinquefolia 24.38 2.19 0.01

Maianthemum canadense 22.19 – –

Ligustrum vulgare 14.06 – –

Celastrus orbiculatus 10.63 – –

Thelypteris noveboracensis 7.81 2.81 0.53

Rubus spp 7.19 33.44 0.03

Alliaria petiolata 6.88 0.31 0.24

Galium spp 6.56 0.63 0.03

Impatiens capensis 1.88 – –

Rosa multiflora 1.88 – –

Solidago spp 0.63 – –

Ageratina altissima 0.63 – –

Oxalis stricta 0.63 – –

Boehmeria cylindrica 0.63 – –

Vitis spp 0.31 – –

Grass spp 0.31 – –

Hesperis matronalis 0.31 – –

Onoclea sensibilis 0.31 – –

Geranium maculatum 0.31 1.25 0.13

Vaccinium angustifolium – 10.00 –

Pyrola elliptica – 3.13 –

Uvularia perfoliata – 1.56 –

Smilax spp – 1.25 –

Lactuca virosa – 1.25 –

Mitchella repens – 0.63 –

Caulophyllum thalictroides – 0.63 –

Lycopodium spp – 0.63 –

Laportea canadensis – 0.31 –

Maianthemum racemosum – 0.31 –

Total 148 % 62 % 0.01

Table 5 Soil characteristics (+/− standard error) of the Old Town of
Scotia and the control forest. Nutrients are ppm, including acidity (H ion
concentrations). Soil color is coded from Munsell values; lower numbers
are darker brown/black color (see Table 1)

Old town Off-site p-value

pH 5.9±0.1 4.6±0.1 < .0001

Phosphorous 132.5±20.6 25.8±8.0 < .0001

Potassium 144.4±15.3 50.1±2.9 < .0001

Magnesium 136.4±20.3 16.0±0.8 < .0001

Calcium 1,372.8±201.4 72.3±9.0 < .0001

Acidity 5.0±0.5 10.4±0.7 < .0001

Zinc 55.9±21.3 1.8±0.2 0.04

Copper 4.8±1.1 1.3±0.1 0.02

Sulfur 11.4±0.8 22.4±1.5 < .0001

Soil color 3.3±0.6 6.1±0.2 < .0001

Soil charcoal 100 % positive 50 % positive –

Hum Ecol



Following the early 1900s, a large increase in the distribu-
tion of A. rubrum trees developed throughout much of the
eastern forest (Lorimer 1984, Abrams 1998). This has been
primarily attributed to the suppression of forest fire and wide-
spread logging ofmore valuable tree species, such asQuercus,
Carya and Pinus, during which time A. rubrum was avoided
by early loggers (Abrams 2003). This species now dominates
the subcanopy of many upland Quercus forests and of be-
tween process replacing Quercus species based on its higher
shade tolerance and other physiological attributes (Abrams
1998). Thus, the dominance of A. rubrum in the control forest
at Scotia is highly consistent with this pattern seen throughout
the eastern Quercus forests. Also, the presence of A. rubrum,
albeit at lowered levels (relative importance value was 4 %
compared with 25 % in the control forest), in the Old Town
forest indicates the pervasiveness of this species and its ability
to succeed in many different forest conditions.

Most of the forest understory at Old Town is covered in a
dense thicket of Lonicera, Celastrus orbiculatus Thunb. and
Parthenocissus quinquefolia. Dense and tall shrub cover is
likely an important contributing factor to the lack of forest
regeneration there, including few saplings and no seedlings
(O’Brien et al. 2007, Abrams and Hayes 2008). In contrast,
Rubus species followed by V. angustifolium dominated the
understory of the control stand, which were lacking or absent
at the Old Town site. The level of shrubs and herbs in the
control forest is apparently not highly inhibitory to the high
density tree seedling regeneration. Indeed, the high density of
Q. alba seedlings (36,060/ha) is somewhat unusual for central
Pennsylvania and other northeastern forests because of the
limitations of dense shading, deer browsing and a lack of fire
or other disturbances (Nowacki and Abrams 1992, Abrams
2003, Horsley et al. 2003). It is possible that the history of
intense, repeated disturbances at the barrens facilitated
Quercus regeneration at the control forest. In contrast, dense
understory cover at Old Town has the potential to influence a
vast array of ecological processes, including arresting vegeta-
tion development (cf. Egler 1954). For example, dense shrub
cover of Smilax L. that established after agricultural abandon-
ment was inhibitory to tree regeneration in areas of Cape Cod,
Massachusetts and Long Island, New York (Motzkin et al.
2002, Abrams and Hayes 2008). We believe the high cover of
invasive shrubs is also the result of anthropogenic distur-
bances, including homestead abandonment, at the Old Town
site. The developmental pathway for the Old Town forest is
unclear, especially in light of the lack of tree regeneration and
the possible arrested succession. The normal pathway to
Quercus and A. rubrum occurring in the control forest is
not evident at Old Town. If the dense understory per-
sists long into the future, there may be little or no
opportunity for tree replacement following the sequen-
tial death of the present overstory trees, leaving a brush
field in arrested development (Egler 1954).

The soil at the Old Town site has higher nutrient concen-
trations and pH than the control soils (Table 5). This suggests
that anthropogenic activities in the town significantly im-
proved the fertility of the barrens soils. The soils in the area
of the Old Town are extremely dark and rich with organic
matter, built up from the long-term effects of human occupa-
tion and possibly from the nutrient rich litter of tree species
that were planted there (Kosse 1994, Raich and Tufekcioglu
2000, Sylvain and Wall 2011). We believe that many of the
differences in the overstory and understory composition, suc-
cessional pathways, and soil chemistry between the two forest
types can be attributed to their contrasting land-use history.
Shrub thickets formed after homestead abandonment appears
to have the ability to profoundly influence many past, present
and future ecological processes at the Old Town site, including
the possibility of arrested forest succession after the existing
overstory trees die off. The results of this study contribute to
the rather sparse ecological literature describing long-term
land-use history impacts on forest composition, soils and
forest succession in the eastern U.S.
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