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Abstract
Areas of forest that are regenerating from previous agricultural sites represent up to 80%
of forest cover in some places in North America. These sites present altered plant communities
that reflect the land use history for many years following abandonment and cessation of
agricultural use. The question of convergence or divergence and the causes for the occurrence of
each at a given site has been studied in other areas related to presence or absence of agricultural
development in the land use history. These topics have not yet been examined in this region, nor
have differences among agricultural plots with varying previous purposes or varying topography.
Through a case study on the Cumberland Plateau, we hypothesize that the forest
community at a site 70 years following agricultural abandonment is maintaining a significantly
different assemblage of species compared with the surrounding native forest. Furthermore, we
hypothesize that the effects of agriculture on soil properties are persisting due to physical and
chemical alterations made during cultivation. After comparing vegetation surveys in each plot
using similarity indices and Nonmetric Multidimensional Scaling Ordinations the results confirm
that there is a difference in the vegetation between agricultural sites and non-agricultural sites;
additionally soil samples show there is significant difference in the abiotic environment,
suggested by the persistent increased soil nutrients at agricultural sites compared with nonagricultural sites. While our hypothesis was confirmed that agricultural legacies are affecting
vegetation composition in this site, there are also other interacting drivers on the Cumberland
Plateau that are further causing this lack of congruity during regeneration. Furthermore, our
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results suggest that land use differences within the site were greater contributors to the
heterogeneity than expected; further research will be needed to further refine the importance of
specific land uses to community response.

Introduction
The composition of a community is determined by the long-term cumulative change that
occurs due to a series of multiple interacting disturbances. This change is chaotic and
unpredictable. This regime of non-equilibrium dynamics includes anthropogenic disturbances
that play a key role in these interactions. One of these anthropogenic impacts is agricultural land
use and its persistent effects on the landscape following abandonment. This has not been well
studied for the southeastern United States, even as it continues to be increasingly important to the
field of conservation biology. In a time when forest communities regenerating from previous
agricultural sites may represent 80% of a forest in parts of the country such as New England
(Flinn and Velland 2005), it is important to understand the implications of previous management
in causing these agricultural legacies which may result in the divergence of biological
communities from the native composition.
The process of succession and an environment’s return to a “climax community” was
broadly accepted after first proposed by Frederic Clements in the 1930s as a result of biotic
reactions in which successional species gradually alter their environment to promote their own
success (Clements 1936). Clements proposed that the same “climax” would be reached
regardless of the size or type of disturbance; this theory was gradually altered and was eventually
abandoned by the scientific community. Ecologists began to realize the plasticity and complexity
of environments as well as the inability to disregard non-equilibrium dynamics and
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anthropogenic impacts while studying these changes (Christensen 1989). The appreciation and
application of an understanding of history when studying the ecology of a forest community can
help to untangle these complex interactions that resulted in the abandonment of Clementsian
principles. Additionally, studying historical accounts can assist in reconstructing past
communities and disturbances, which would not be possible by solely reading the landscape
(Christensen 1989).
When applying these principles to the study of land regenerating from abandoned
agricultural sites, an account of historical events is all the more important to a comprehensive
understanding of this inability to return to the “climax community.” The history of previous
agricultural regimes can have lasting effects on the biotic and abiotic environment in which the
forest is regenerating. For the purpose of this study, agricultural legacies are defined as these
lasting effects of agriculture on the regenerating environment. Differences in agricultural use,
such as pasture and crops, can dramatically alter physical and chemical soil properties (Dupouey
et al. 2002, Koerner et al. 1997). Persistent differences in soil nutrients and chemical properties
due to previous use of fertilizers or input of organic matter by livestock may also lead to altered
forest communities after farm abandonment. Other effects on these communities include
alterations that may lead to challenges to seed dispersal and recruitment, differences in species
richness from the original community, and changes in other biotic elements that contribute to
success or hindrance of the reestablishment of a community similar to what preceded agricultural
development.
Historical land use – As previously mentioned, an understanding of the history of land
use in a location can greatly enhance the study of the ecology of a site. It has been established
that land use histories have effects that can persist for decades, centuries, or even millennia under
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different circumstances (Foster et al. 2003, Dupouey et al. 2002, Flinn and Vellend 2005). Even
landscapes that are considered “natural” have often been subject to some manner of
anthropogenic manipulation (Foster et al. 2003). The present-day species located in an area can
give an indication of previous land use and clearing; for example, many shade intolerant species
with a unimodal age or size class in an area, such as tulip poplars, are a good indication of a
clearing in the relatively recent past (Christensen 1989, Foster et al. 2003). While looking at
current conditions can help to recreate some parts of a former community, the range of
communities that could result in the current one are too varied to be entirely surmised from
reading the landscape alone (Christensen 1989). A greater knowledge of explicit details of the
history of a site can be more helpful, though more difficult to come by. Facts such as addition of
soil amendments that would have occurred after the 1920s with the advent artificial fertilizers,
would improve understanding of present soil conditions in plots used for different purposes.
Other historical events, such as the approximate dates of clearings or plantings, can be gathered
from air photos and personal accounts of the people living in the area at the time (Christensen
1989, Flinn and Vellend 2005). Understanding the ecological importance of agricultural legacies
in one area to forest regeneration may help predict patterns of regeneration in other areas and
influence management decisions (Christensen 1989, Foster et al. 2003, Flinn and Vellend 2005).
Abiotic environmental factors:
Soil chemistry – Soils that have been subject to agricultural land use contain different
concentrations of nutrients than those that have been left undisturbed. There is generally higher
pH, lower organic matter, and frequently higher nutrient content such as nitrogen and
phosphorus (Koerner et al. 1997, DuPouey et al. 2002). This can vary greatly depending on
whether or not fertilizers were used during the time of agricultural use, the length of time the site

Block 5
was cultivated, and the time since abandonment (Flinn and Vellend 2005). Other soil properties
are dependent on the way the land was used. Pastures are more likely to retain a viable seed bank
due to the lack of plowing, whereas plowing for crops can homogenize the upper layer of soil
and cause depletion of carbon and nitrogen (Foster et al. 2003, Flinn and Vellend 2005). These
altered soils play a role in the establishment of certain species during regeneration, by either
enhancing nutrients compared with unaltered soils or by depleting nutrients typically found
there. The former is typically prevalent in areas with inherently poor nutrient availability
(Koerner et al. 1997, Flinn and Vellend 2005). While some studies show that soil nutrients may
gradually return to something akin to their pre-agricultural state (Katz et al. 2010), others have
found that these differences may persist as many as 2000 years following abandonment
(Dupouey et al. 2002).
Topography – The topography of a landscape often influences the placement of
agricultural sites initially, which can later confound research to compare these with uncultivated
sites. While land use history can outweigh the effects of topography, this still may have a
significant impact on moisture content of the soil. In some cases the topography may have been
directly altered by anthropogenic causes (Flinn and Vellend 2005, Dupouey et al. 2002, Foster et
al. 2003). It is important to compare sites with similar microtopography in an area or to consider
this as a variable in addition to other factors. Heterogeneous moisture availability due to these
subtle differences in the landscape may play a role in what establishes in a site postabandonment.
Biotic environmental factors:
Dispersers, pollinators, herbivores, and mutualists— The colonization of native plant
species into a regenerating forest would logically be dependent on success of seed dispersal,
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pollination, and recruitment of new individuals. The biotic environment associated with postagricultural landscapes is quite understudied (Flinn and Vellend 2005). The effects of previous
agricultural use on invertebrate and mammal dispersers and pollinators are unknown. One
especially important area of research would be the differential browse preference of herbivores
on post-agricultural landscapes versus native communities, since young forests have been shown
to provide a preferred habitat and source of nutrition for large herbivores such as white-tailed
deer (Côte et al. 2004).
Invasive species— The presence of invasive species in a forest community can present
difficulties in the establishment and persistence of native plant species due to competition. While
rates of colonization of invasive species are low in primary forests, the instance of agricultural
cultivation and manipulation in the land use history of a site is often positively correlated with
the presence of non-native species in an area (Kuhman et al. 2011). Increased pH and soil
nutrients are also associated with higher instance of invasive species; since these soil properties
are also effects of a previous agricultural history, there is a positive correlation of the soil
alterations caused by agriculture and increased presence of invasive species (Kuhman et al.
2011).
Species richness and diversity— A striking difference in forests that have been subject to
agricultural development compared with surrounding native forests is the change in species
composition (Flinn and Marks 2007). Species such as red maple were identified as early as 1860
by Thoreau as indicators of a previously agricultural landscape, especially in New England, a
trend that has been confirmed across the northeastern United States more recently (Foster 1992).
Distribution and variation of such indicator species has been shown to coincide with locations of
former fields and plantations (Glitzenstein et al. 1990, Foster 1992, Dupouey et al. 2002).
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Abandoned farm sites that have regenerated adjacent to old growth forests have been shown to
develop differences in species richness. In cases where weedy or early successional species are
included in the analyses, previous agricultural sites often present a higher richness than primary
forests due to the persistence of these invasive or non-native plants in the landscape (Motzkin et
al. 1996). In cases where only native forest species were included, however, the opposite has
been shown to be true in that sites subjected to agricultural development do not show the same
richness in species that would have been present prior to anthropogenic manipulation (Vellend
2004). In areas with inherently poor soils, agricultural landscapes are often hosts to a wider range
of species due to nutrient amendments that occurred during the agricultural regime.
The unique composition that is manifest in a regenerating forest post-abandonment can
be considered a characteristic of a “novel community” that may persist for long periods after
abandonment (Cramer et al. 2008). This pattern of agricultural abandonment and recolonization
of forests is becoming more common in the southeastern United States. The Cumberland Plateau
in Tennessee is one such location where this is occurring. In the 19th and early 20th centuries
there was a pattern of conversion of the native hardwood forest to agricultural lands for small
family farms. Many of these farms were subsequently abandoned in the mid-20th century for a
variety of reasons and were then converted to pine plantations, left to regenerate, or a
combination of these. Forests that have been completely cleared for agriculture by removing all
canopy trees and then subsequently abandoned can take 60-80 years to reach a closed tree
canopy (Flinn and Vellend 2005). Trees that compose the successional forest have therefore been
subject to the altered conditions that immediately follow agricultural abandonment. These
farmland communities are affected by variation in dispersal and establishment. The dynamics of
colonization are dependent on environmental conditions created by anthropogenic manipulation,
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which may be entirely novel (Flinn and Marks 2007). Even after regeneration of 60-70 years and
being adjacent to seed sources in native forests, many of these areas have failed to resemble their
pre-agricultural floral communities, and instead have developed a different set of species.
This study addresses the effects of these conditions created by agricultural legacies
following manipulation and abandonment. We hypothesize the following: (1) the vegetation
within the boundaries of the King Farm 70 years after abandonment is dissimilar in composition
to the surrounding vegetation of the surrounding primary forest; (2) the pattern of forest
regeneration is heterogeneous due to spatial differences in land use history within the site. To
assess these hypotheses, measures of forest composition including surveys of the woody and
herbaceous species were undertaken, and variables that factor into regeneration and persistence
of a forest community were examined, including soil nutrients, topography, and land-use history.

Methods
Study site-- The King Farm, our study site in Sewanee, Tennessee, is one location that
reflects this history of agricultural development and abandonment in the southeastern U.S. The
site is located at 35.2 N, 85.97 W, at an elevation of 600 meters above sea level. It is on top of
the Cumberland Plateau, where the soils have an average depth of 1.5 meters; these soils are
derived from the Sewanee Conglomerate, a relatively impermeable sandstone layer that weathers
to contribute to the sandy loam soil. This area receives 1.52m of precipitation annually (U.S.
Dept. of Commerce 1976), however the moisture in the soil is frequently dependent on local
topography. The area shows signs of agricultural use dating before the 1800s by Native
Americans, and later may have been used for subsistence farming for a stopover hotel along a
stagecoach route. In 1901, the land was purchased by a European named Christian Ruef, and
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farmed by a freed slave named Rufus Moseley until the arrival of the King Family. The land was
cleared in the early 1900s for the farming of crops such as corn, a family homestead, and the
raising of hogs that were sold to the town and university nearby. The King family began living
and farming on the land in the 1930s, and interviews with the surviving children of Mr. King
indicate that the farm was already in place when they arrived. Evidence that the King Family
owned a title to the land is lacking.
The farm was abandoned in 1946 and the land was taken over by the University of the
South and managed by the forestry department at the time. In the early 1950s, most of the sectors
were planted in loblolly pine with the intent of harvesting them in the future. There is no record
that the pine was harvested and much of it persisted until the 1980s. Aerial imagery shows a
dramatic thinning of the pine starting in the late 1980s. This is likely due to a major Southern
Pine Bark Beetle outbreak around that time. This phase of the pine plantation on the landscape
clearly played its role as an agricultural legacy at this site.
Collection of historical reports – In the summer of 2009, interviews were conducted with
surviving members of the King Family to determine land use of specific polygons within the
farm. Video footage of these interviews was analyzed to determine location of fields, crops
grown, soil amendments added, and other relevant information. A series of air photos ranging
between 1950 and 2010 were analyzed and compared to assess dates of clearing, planting, and in
some cases elimination or failure of pine plantations. These air photos were also used to calculate
size of each site and distance from the bluff. Records from the state of Tennessee on outbreaks of
the Southern Pine Bark Beetle were examined for reports from Franklin County and the
surrounding area. We used this information to roughly divided the site into 14 polygons, each
with a slightly different land use history (Figure 1). In this study, we use six of these polygons as
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study sites within the farm: two representing pasture or hog feeding use, three where row crops
were grown, and one non-agricultural site within the farm boundary. Data were also collected
from two sites in the surrounding primary forest adjacent to the King Farm. The primary forest
sites and the internal non-agricultural site will further be referred to as the non-agricultural sites.
Field methods— In June of 2009, vegetation surveys were conducted of the understory
woody species that are less than 1.5m in height, overstory species, and herbaceous species.
Points within each site were randomly chosen using GPS to find the center of a 0.1 ha circle. All
canopy species were counted and identified. Midstory species greater than 1.5m in height were
counted and identified in a 0.05 ha circle with the randomly chosen point at the center. All
understory species were counted and identified in a 0.001 ha plot with the point as the center.
Herbaceous species were catalogued within 0.0004 ha plots with the point as the center as well
as additional sampling points at the ordinals of the 0.05 ha plots.
Soil samples were collected from each of these sites in the spring of 2012. Four soil
samples were taken from each site; the organic layer was removed and soil cores were taken with
a x-inch corer to a depth of y-centimeters. The samples from each polygon were combined, dried
and sieved, and then sent to A&L Analytical Laboratories in Memphis, TN to assess the pH,
phosphorous, potassium, calcium, and magnesium content at each location.
Data analysis – Similarity indices among polygons were conducted using modified
Morista’s similarity index for understory, overstory (in which midstory and canopy species were
combined), and herbaceous species in each polygon, respectively, using the statistical software
MVSP version 3.2. Two-tailed Student’s T-Tests were conducted in Microsoft Excel to compare
overstory and understory species within each site, nutrient content between control and test sites
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as well as between wet and dry sites, and species richness between control and test sites as well
as between wet and dry sites.
A nonmetric multidimensional scaling (NMDS) ordination was conducted using PCORD version 6 on species data within plots to further observe trends in the data. The twodimensional solution of the ordination had a low stress value of 3.88 and the Shepard plot had an
r-squared value of 0.99, which suggests that the ordination analysis was appropriate as a measure
of dissimilarity between plots in ordination space.

Results
Land use history – The history varied among the polygons, with uses including pasture,
crops, a garden for family use, and a feeding area for hogs. The history of pine plantations varied
as well, with pine planted in varying densities and showing different success rates in different
locations (Table 1). The pine did not appear to be extracted from the area at any time according
to harvest logs kept by Charles Cheston (University forester 1942-1976). Heavy thinning
occurred in the pine plantations as a result of pine bark beetle outbreaks in the 1980s. The plots
in the surrounding primary forest were never cleared or harvested, according to records for this
area.
Tree communities – Stem density in the canopy (trees greater than 20 cm dbh) was
similar between the non-agricultural and the agricultural sites. Both had a density of about 400
trees per hectare. Size class distributions were also similar between agricultural and nonagricultural sites, though the agricultural sites had more midstory stems than did the nonagricultural sites (Student’s T-Test, P=0.026). There was a strong trend toward higher species
richness in wet sites than in dry sites (Student’s T-Test, P=0.08, Figure 2). There was also a trend
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showing a higher herbaceous species richness in agricultural sites than in non-agricultural sites
(Student’s T-Test, P=0.067, Figure 3). The number of individuals of herbaceous species found in
agricultural sites was significantly higher than those found in non-agricultural sites (Student’s TTest, P=0.0027).
Similarity indices showed that in the overstory, the non-agricultural sites were most
similar to one another and not as similar to the agricultural sites. Additionally, similarity in the
overstory was highest among the agricultural wet to semi-wet sites (Table 2). There was
generally lower similarity among sites in the understory species; however the two driest of the
farm sites were most similar to each other and to the dry non-agricultural site with indices
ranging from 0.851 to 0.953 (Table 3). Herbaceous species similarity resembled patterns of
overstory similarity, but indices were not as strong (Table 4). In the herbaceous layer, nonagricultural sites were most similar to each other and agricultural sites were more similar among
themselves than to non-agricultural sites.
The overstory and understory woody species were compared within each site and were
not significantly different for any site except site 4, which was a semi-wet agricultural site
(Paired Student’s T-Test, P=0.04). Site 4 showed a significant difference in the composition of
species in the overstory than what is present in the species of the understory.
Ordination— The NMDS ordination showed a clear two-dimensional solution that
accounted for 99% of the variation in species present among sites. The dissimilarity between the
control sites and the agricultural sites was based on both tree and herbaceous species present, and
the control sites clearly are set apart from the agricultural sites (Figure 4). The agricultural plots
also did not appear to form a defined clump, showing a strong degree of dissimilarity among the
plots as well as between the controls. The differences among plots were driven by several major
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species including black gum, sassafras, halberd-leaf violet, sourwood, and white pine (Figure 5,
Table 5). Several other species were also driving the differences among plots, especially between
the dry control and the agricultural plots, though not as strongly as those previously named
(Figure 6).
The ordination allowed for the examination of species that are causing the divergence in
communities between agricultural and non-agricultural sites. Only species data were used in the
ordination in order to separate these from the quite apparent differences in soil nutrients and
composition. While the non-agricultural sites pulled away from the agricultural sites, the
agricultural sites also showed differences among each other. The non-agricultural site within the
farm showed strong similarity to the dry non-agricultural primary forest site. There were never
crops or livestock present on this piece of land, and it has been speculated that it may have been
a burial ground. While the similarity indices indicated a high percent similarity (especially in the
understory) between the non-agricultural farm site and the dry primary forest site, this site was
not grouped with the two other non-agricultural sites in the ordination, suggesting that
differences in the understory and herbaceous species resulted in this lack of affinity.
The driving factors in defining the agricultural sites from the non-agricultural sites were
identified in the ordination as well, with many of these being herbaceous species that are
primarily present in the post-agricultural landscape. Other drivers, though not as significant,
included several species of Quercus.
Soil Nutrients – Chemical soil properties differed markedly between the non-agricultural
sites and the agricultural sites, with higher nutrient values overall within the farm than outside.
Specific nutrients measured for each site were magnesium, calcium, phosphorus, potassium, and
pH. The pH was significantly higher in previous agricultural sites than in non-agricultural sites
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(Student’s T-Test, P=0.003, Figure 7). The soil pH was highest in site 14 (6.1), which should be
noted in that it is nearly 100 times the pH of that found in the non-agricultural soils (mean of
4.8). Magnesium content of soils was also higher in agricultural sites than in the non-agricultural
sites (Student’s T-Test, P= 0.006, Figure 8). Calcium content was also higher in agricultural sites
than in non-agricultural sites (Student’s T-Test, P=0.039, Figure 9). There appeared to be a trend
of highest soil nutrients in plots used for pasture versus those with crops (Figure 10 a-d).

Discussion
The results of this research show that our hypothesis was confirmed. In the nearly 70
years since the farm was abandoned, the forest that has regenerated shows a unique composition
of species when compared with the adjacent primary forest. The agricultural regime had a lasting
effect on the soil nutrients, in particular; soil data shows that these nutrients have also failed to
return to their pre-agricultural concentrations; this may contribute to the possible persistence of
the unique composition of species and the higher density and richness of herbaceous species in
the farm. Despite the difference in composition, the site has recovered a size class structure
similar to that of the adjoining primary forest, as well as a comparable stem density of trees.
The high levels of soil nutrients found at this site contrast with other studies that show
soils returning to pre-agricultural concentrations of nutrients and to a similar pH of surrounding
native forest after abandonment (Flinn and Marks 2007). In some cases, removal of organic
matter has resulted in impoverished soil nutrients (Katz et al. 2010). In many cases, however,
recovery of soil properties is heavily dependent on the land use history of soil amendments and
physical alterations of the soil through plowing and homogenization of agricultural areas. These
observed high levels of nutrients in the agricultural sites of this study, especially calcium and pH
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in the agricultural sites, combined with personal accounts from members of the King Family that
fertilizer was bought from the nearby town suggest that large amounts of artificial soil
amendments were used in some sites on the farm. These results of a persisting altered nutrient
composition in the soil would be more prevalent in farms that were abandoned after the start of
wide spread use of these soil amendments to farmers, which started in the 1920s.
Homogenization of soils within abandoned agricultural sites occurs as a result of plowing and the
transfer of manure from pastures to crops and gardens as fertilizer (Koerner et al. 1997, Foster et
al. 2003). The differences among the agricultural sites in this study confirm differences in land
use history among sites on the King Farm. We believe row crops would have a lower nutrient
quality than pasture for several reasons. The lack of continuous vegetative cover in row crops (as
seen in aerial photographs) would allow for increased erosion and thus the leaching of soil
nutrients from these sites over time. Sites used for pasture would have a net input of nutrients
due to additional food brought in for livestock, such as the hogs in one site.
The vegetative differences between the non-agricultural sites and agricultural sites
confirmed our hypothesis that the overall vegetation of the King Farm is different from the
surrounding native forest. This can be seen in the table of overstory similarity indices in that the
non-agricultural sites are more similar to each other than they are to the post-agricultural lands.
Many tree species that are known to colonize abandoned agricultural lands and act as
successional species in forest gaps were found primarily in the agricultural sites, with limited or
no presence in the non-agricultural sites. Two of these species, red maple and tulip poplar, have
been considered indicators of past disturbance and land use history in the eastern United States
since the observations of Thoreau. Another species native to the cove with several individuals
present exclusively in agricultural sites was the chinkapin oak; this is a species of long range
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dispersal, likely due to the caching of acorns in old field sites by blue jays and other birds (Aizen
and Patterson 1990).
Since the size class structure of the agricultural plots showed that it had recovered to
resemble that of the native forest, the structure and composition of the overstory can then be used
to draw conclusions about past conditions. Additionally, the understory and herbaceous layer
provide a source for drawing conclusions about more recent conditions; this discrepancy between
overstory and understory similarity provides information on the progressing community that is
persisting at the King Farm. The understory woody diversity of the driest of the farm sites, which
was also a non-agricultural area within the boundaries of the farm, is the most similar to dry nonagricultural site; compared with the lack of such a strong similarity in the overstory, this would
suggest a level of convergence in the vegetative community of this area of the farm with the
most similar primary forest site. Several possible variables could be further studied to tease apart
the cause behind this convergence: this site was pasture for livestock, and therefore likely would
not have been plowed regularly or during the most recent agricultural regime of the farm. This
would allow accumulation of seeds in the seed bank of native plants to come up when the ideal
conditions arose, which, for shade tolerant species found in the adjoining forest, would have
been once the successional species had formed a canopy or following the planting of pine. The
understory of this site, however, is not very similar to other agricultural plots.
Other studies have also found these differences in species composition to persist years
after abandonment of an agricultural regime, even when overall structure of a forest has been
restored. A similar study conducted in the northeastern United States found that, even when size
class distribution and soil properties had returned to a state similar to the adjoining native forest,
the composition of tree species in previously agricultural sites was markedly different (Flinn and
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Marks 2007). Studies in France on abandoned agricultural plots compared with old growth
forests also found a greater species richness in those lands with a land use history of cultivation,
often driven by the high species richness of the herbaceous layer of agricultural plots compared
with primary forests, as we found in this study (Koerner et al. 1997).
One interesting comparison is between the similarity in the overstory and that in the
understory of the two control sites. These two sites are not unusually dissimilar in the overstory,
especially given the differences in topography between the two sites. The understory, however,
shows a good deal more dissimilarity between the two sites. A large number of red maple
saplings are present in the wet control site; this species has long been considered an indicator of
previous anthropogenic land use (Foster 1992). Since this control site does not have a history of
land use similar to that of the agricultural areas in the study, other explanations may be
considered. One possible variable may be that the combination of the lack of fire as a driver of
distribution and abundance has led to the topography and relative moisture of an area play a
more important role in determining species present on the landscape in these differing areas of
topography (Abrams 1998).
In addition to the dissimilarity in the understory between the wet and the dry nonagricultural site, there was a trend in greater species richness in wet sites than in the dry sites.
One of the sources of small-scale variation in moisture is associated with pit and mound
topography caused by tree windthrow. This has been shown to have an effect on small-scale
species (Beatty 1984). There has also been higher nutrient content associated with pits when
compared with mounds. Agricultural land use tends to homogenize pits and mounds after
plowing and trampling. This eliminates small-scale differences in distribution that may be found
in primary forests.
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Other drivers of change— While differences in species composition and chemical soil
properties are persisting on this post-agricultural landscape, even while adjacent to a native
forest, other factors besides agricultural land manipulation can be considered as being drivers for
change in the forest community of the area. The regeneration potential of the forest is
represented by the structure and composition of the understory. The current lack of saplings is
reflected both inside and out, however, is a result of large herbivores such as white-tailed deer
inhibiting the growth of many of the plants up to 1.5 meters. Recently regenerating forests have
been shown to provide excellent habitat and a good source of nutritious forage for white-tailed
deer populations, which have been growing in the southeastern United States (Côte et al. 2004).
In the area of the study site, white-tailed deer were reintroduced in the area in the mid-20th
century and have continued to increase in number since that time. While a yearly cull is in place,
the deer in the area lack natural predators and are therefore continuing to increase their numbers.
Recent student research has suggested that the deer may preferentially browse areas with higher
nutrient content available, such as what would be present in a recent forest regenerating from an
abandoned agricultural site such as the King Farm. Data suggest that there is a high level of
browse in the area of the study site compared with the surrounding forest, which would affect the
recruitment of those species preferentially browsed by deer and prevent them from growing
above the level of a sapling.
Further examination of source populations for species colonizing the farm site would also
be a fruitful area of research. Distance from the edge of the bluff was recorded for each site;
anecdotally, many of the species present in the agriculturally altered sites resemble what is
present in the coves just off the bluff of the plateau. None of these species, however, proved to
be main drivers of the differences in species composition between agricultural and non-

Block 19
agricultural sites. Our study could be augmented by adding non-agricultural sites in the cove and
sampling floristic change across the growing season. A follow-up sample of the sites five to
seven years later would provide information to continue to track the convergence or divergence
of the agricultural plots from the non-agricultural sites (Flinn and Vellend 2005).
More detailed studies of a similar type are needed to provide a better understanding of the
ecological role of agricultural legacies in forest change. Another area of inquiry would include
studies of long distance dispersal of cove species onto the plateau and their differential
establishment inside versus outside the farm due to the agricultural legacies. This would provide
deeper understanding of the changes in distribution and abundance of species in time and space
following a long-term disturbance like what occurred at the King Farm. Finer scale soil sampling
with respect to specific land use histories of each site would also be beneficial in defining
nuances created by slightly altered land use histories. Studies of this type considering the
regeneration of agricultural lands are becoming ever more important as more small farms are
abandoned and left to regenerate. It is important to know how native species are able to
recolonize abandoned farms due to the increasing amount of abandoned agricultural land. As
these communities diverge, it may lead to the local elimination of species where they would have
otherwise been present. Conversely, these novel communities in abandoned agricultural areas
provide novel community assemblages that add to the diversity of a forest as long as invasive
and persistent species do not begin to invade primary forests in which they are located.
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Figures and Tables

Figure 1: Map of Sewanee, TN in south central Tennessee on the Cumberland Plateau and map
showing location of the study site in Sewanee. Credit:
http://www.bestplaces.net/city/tennessee/Sewanee,
http://www.sewanee.edu/sop/perimetertrail.htm
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Figure 2: Mean and standard deviations of species richness of wet and dry plots of the study site
in Sewanee, TN. Data were collected in June of 2009. Richness trends toward a difference
between wet and dry sites (Student’s T-Test, P=0.08).
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Figure 3: Mean and standard deviations of species richness of agricultural and non-agricultural
sitess of the study site in Sewanee, TN. Data were collected in June 2009. The data shows a trend
of a difference in richness between agricultural and control sites (Student’s T-Test, P=0.67).
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Figure 4: NMDS ordination showing primary forest plots in red and farm plots in blue.

Figure 5: Ordination Diagram with species fitted to the ordination using vector fitting. Species
with a significance < .001 are shown. The overlapping values are H3, H26, U8, U15, and M15.
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Figure 6: Ordination Diagram with species fitted to the ordination using vector fitting. Species
with a significance <0.05 are shown.
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Figure 7: Mean pH of control and agricultural plots of the King Farm in Sewanee, TN. Samples
were collected in May 2012. Agricultural plots showed a significantly higher soil pH (Student’s
T-Test, P=0.003).
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Figure 8: Mean and standard deviation of magnesium content of the soil in control and
agricultural plots of the King Farm in Sewanee, TN. Samples were collected in May 2012.
Agricultural plots showed significantly higher magnesium content than the controls (Student’s TTest, P=0.006).
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Figure 9: Mean and standard deviation of calcium content of the soil in control and agricultural
plots of the King Farm in Sewanee, TN. Samples were collected in May 2012. Agricultural plots
showed significantly higher calcium content than the controls (Student’s T-Test, P=0.039).
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Figure 10: Plots showing land use during the King Family era of agriculture, and soil nutrient
levels found at each site. Soil data were collected in 2012.

Block 29

Table 1: Shows general land use history of each polygon including its use during the King
Family area and the presence or absence of pine after plantations were established in the 1950s.

Dry------------------------------------Semi-Dry

Semi-Wet--------------------------Wet

Topography/
Moisture
level

Site

Area in
hectares

Agricultural
History

Control 2
Agr. 11

n/a
0.58

None
Planted with
corn

Agr. 6

0.87

Agr. 4

1.38

Agr. 14

0.78

Agr. 13

1.16

Non-Ag. 3 0.53

Control 1

n/a

Pine (Y/N)

None
Some, not as
dense as
surrounding
areas
House
Yes; did not
garden
survive long
after
establishment of
pine plantation
Crops
Yes; appears to
have died in
some places
before 1969
Clover and
Some, not as
pasture, 500- dense as
600 hogs
surrounding
kept here and areas
fed with
waste from
university
dining hall
Pasture for
Yes, died before
livestock
the mid-1990s
Uncultivated, No
possible
location of
burial ground
None

None

Distance from
the Bluff in feet
650-900

500-900

150-750

0-300

50-500
750-1000
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Table 2: Modified Morista’s Similarity Index for all overstory species in surveyed plots
Overstory Similarity matrix
Control 1
Control 2
Control 1
1
Control 2
0.543
1
NoAg 3a
0.569
0.719
Agr 13b
0.118
0.082
Agr 14a
0.103
0.422
Agr 4a
0.147
0.412
Agr 6a
0.137
0.424
Agr 11a
0.111
0.404
Control 1
Control 2

NoAg 3a

Agr 13b

Agr 14a

Agr 4a

Agr 6a

1
0.119
0.433
0.546
0.451
0.445
NoAg 3a

1
0.133
0.172
0.132
0.186
Agr 13b

1
0.855
0.774
0.892
Agr 14a

1
0.784
0.872
Agr 4a

1
0.779
Agr 6a

Agr 11a

1
Agr 11a

Table 3: Modified Morista’s Similarity Index for all understory species in surveyed plots
Understory Similarity matrix
Control 1
Control 2
Control 1
1
Control 2
0.261
1
NoAg 3a
0.953
0.213
Agr 13b
0.851
0.416
Agr 14a
0.09
0.75
Agr 4a
0.093
0.547
Agr 6a
0.055
0.345
Agr 11a
0.055
0.284
Control 1
Control 2

NoAg 3a

Agr 13b

Agr 14a

Agr 4a

Agr 6a

Agr 11a

1
0.867
0.086
0.083
0.052
0.044
NoAg 3a

1
0.448
0.299
0.227
0.312
Agr 13b

1
0.625
0.461
0.566
Agr 14a

1
0.266
0.293
Agr 4a

1
0.569
Agr 6a

Agr 11a

1

Table 4: Modified Morista’s Similarity Index for all herbaceous species in surveyed plots
Herbaceous Similarity matrix
Control 1
Control 2
Control 1
1
Control 2
0
1
NoAg 3a
0.643
0.088
Agr 13b
0.435
0.162
Agr 14a
0.142
0.179
Agr 4a
0.364
0.22
Agr 6a
0.367
0.173
Agr 11a
0.41
0.205
Control 1
Control 2

NoAg 3a

Agr 13b

Agr 14a

Agr 4a

Agr 6a

1
0.613
0.341
0.401
0.46
0.442
NoAg 3a

1
0.464
0.459
0.583
0.462
Agr 13b

1
0.653
0.636
0.607
Agr 14a

1
0.685
1
0.772
0.696
Agr 4a Agr 6a

Agr 11a

1
Agr 11a
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Table 5: Original species names and codes used in NMDS ordination
Herbaceous Species

Understory

Midstory

Overstory

Species Name

Code

Species Name

Code

Species Name

Code

Species Name

Code

Four leaf Bedstraw
Violet
Halberd-leaf Violet
Smilax
Jack in the Pulpit
Native Chickweed
Clematis
Cross Vine
Alder’s Tongue
Fern
Yellow Oxalis
Nepal Grass
Poison Ivy
Blackberry
Japanese
Honeysuckle
Ebony spleenwort
Snow on the
Mountain Mint
Umbel Sp
False Solomon Seal
Aster
Legume
Elymus Hystrix
Grass 1
Carex Complanata.
Narrow Leaf Sedge
Dicanthelium
Boscii Panicum

H1
H2
H3
H4
H5
H6
H7
H8

Scarlet Oak
Black Oak
Chestnut Oak
White Oak
Hickory
Red Maple
Black Gum
Sourwood

U1
U2
U3
U4
U5
U6
U7
U8

Scarlet Oak
Black Oak
Chestnut Oak
White Oak
Hickory
Red Maple
Black Gum
Sourwood

M1
M2
M3
M4
M5
M6
M7
M8

Scarlet Oak
Black Oak
Chestnut Oak
White Oak
Hickory
Red Maple
Black Gum
Sourwood

O1
O2
O3
O4
O5
O6
O7
O8

H9
H10
H11
H12
H13

Black Cherry
Black Locust
Tulip Poplar
Sweet Gum
Persimmon

U9
U10
U11
U12
U13

Black Cherry
Black Locust
Tulip Poplar
Sweet Gum
Persimmon

M9
M10
M11
M12
M13

Black Cherry
Black Locust
Tulip Poplar
Sweet Gum
Persimmon

O9
O10
O11
O12
O13

H14
H15

Loblolly
White Pine

U14
U15

Loblolly
White Pine

M14
M15

Loblolly
White Pine

O14
O15

H16
H17
H18
H19
H20

Sassafras
Dogwood
Winged Elm
Hophornbeam
Hawthorn

U16
U17
U18
U19
U20

Sassafras
Dogwood
Winged Elm
Hophornbeam
Hawthorn

M16
M17
M18
M19
M20

Sassafras
Dogwood
Winged Elm
Hophornbeam
Hawthorn

O16
O17
O18
O19
O20

H21

Bumelia

U21

Bumelia

M21

Bumelia

O21

H22

Holly

U22

Holly

M22

Holly

O22

H23

U23
U24

M24

Sugar Maple
Chinkapin
Oak

O23

H24

Sugar Maple
Chinkapin
Oak

M23

Bromus..Grass.3.H
Hairy Panicum
Dicanthelium spp
Grass.4H
Very Narrow Leaf
Sedge
VA Creeper
Grape

Sugar Maple
Chinkapin
Oak

H25
H26

White Ash
Walnut

U25
U26

White Ash
Walnut

M25
M26

White Ash
Walnut

O25
O26

H27
H28
H29

Sycamore
Slippery Elm
Hackberry
Box Elder
Red Bud
Juniper
Blueberry
Privet
Multiflora
Rose

U27
U28
U29
U30
U31
U32
U33
U34

Sycamore
Slippery Elm
Hackberry
Box Elder
Red Bud
Juniper
Blueberry
Privet
Multiflora
Rose

M27
M28
M29
M30
M31
M32
M33
M34

Sycamore
Slippery Elm
Hackberry
Box Elder
Red Bud
Juniper
Blueberry
Privet
Multiflora
Rose

O27
O28
O29
O30
O31
O32
O33
O34

U35

M35

O24

O35

