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Abstract: The southeastern United States was historically characterized by open forests featuring
fire-adapted species before land-use change. We compared tree composition and densities of historical
tree surveys (1802 to 1841) to contemporary tree surveys, with the application of a similarity metric,
in the Coastal Plain ecological province of Mississippi, southeastern USA. We detected the boundary
between historical pine and oak-pine open forests and differentiated historical and current forests. In
the Coastal Plain, historical open forests converted from fire-tolerant longleaf pine (Pinus palustris)
dominance, with pines comprising 88% of all trees, to loblolly (Pinus taeda) and slash (P. elliottii) pines
within monocultures (45% of all trees). Wetland and successional tree species increased to 33% of
all trees. Contemporary forests have greater tree densities, transitioning from closed woodlands
(range of 168 to 268 trees ha−1) to closed forests (336 trees ha−1). In the ecotonal boundary of the
northern Coastal Plain between historical pine and pine-oak woodlands, the pine component shifted
over space from 88% to 34% of all trees due to a greater oak component. Fire-tolerant shortleaf pine
and oak dominance converted to planted loblolly pine (52% of all trees), while successional tree
species increased (20% of all trees). Historical tree densities represented woodlands (range of 144 to
204 trees ha−1) but developed into closed forests (400 trees ha−1). Historical Coastal Plain longleaf
pine woodlands differed more from historical ecotonal oak-pine woodlands than contemporary
forests differed from each other, demonstrating unique historical ecosystems and landscape-scale
homogenization of ecosystems through forestation.

Keywords: disturbance; ecotone; fire; forestation; homogenization; land use; longleaf pine; oaks;
tension zone

1. Introduction

Globally, following European colonization, biodiverse grasslands, savannas, and open
forests have been converted to agriculture and dense forests to maximize food and forest
product yield [1,2]. In addition, exclusion of frequent surface fire, often in combination with
replacement of native herbivores by domesticated livestock, has allowed tree encroach-
ment, which eventually leads to forestation through afforestation of grasslands and tree
densification within forest stands [2,3]. Herbaceous plants typically support a range of
invertebrates, including pollinators, and a variety of wildlife species that require food re-
sources from herbaceous plants or insects and open, ‘clutter’-free vegetation structure [4–8].
In addition to habitat and species loss, forestation can decrease resistance and resiliency
to severe fires, damaging insect outbreaks, windfall, and die-offs due to drought, along
with increasing water use by trees, which may be exacerbated by climate change [9–12].
Open ecosystems supply unique ecosystem services, encompassing wildlife support, food
and forage production, pollination, disturbance regulation, water supply, and cultural
importance [6,7,10,13].

Before Euro-American settlement and accompanying land use changes, longleaf pine
(Pinus palustris) open woodlands were the dominant ecosystem across the Coastal Plain
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ecological region in the southeastern United States (Figure 1; [14–16]. Historical accounts,
early forest reports, and limited reconstructions of historical tree surveys characterized the
Coastal Plain as longleaf pine savannas and woodlands with interspersed grasslands and
wetlands [15–19]. Savannas and woodlands were two-layered, featuring longleaf pine at
low densities in the overstory and a species-diverse herbaceous layer, making savannas
continuous in structure with grasslands. Equally, longleaf pine is a component of wetlands.
Longleaf pine ecosystems with embedded wetlands and grasslands provided conditions,
structure, and function to promote biodiversity, including 6000 vascular plant species,
of which 1630 were endemic [20–25]. Frequent surface fires at intervals of two to nine
years, both from anthropogenic and lightning ignitions, maintained longleaf pine savannas
and woodlands, preventing succession to closed forests of broadleaf tree species [26–30].
Indigenous peoples used frequent surface fire to create openings for villages and croplands,
manage and hunt animals, and maintain foodways of plants and wildlife supported by
open conditions of grasslands, savannas, and woodlands [31,32].
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sissippi, USA. We excluded surveys from Pearl River County to prevent overlap and allow compar-
ison with density estimates from previous research [19]. 

Euro-Americans cleared historical forests and altered fire regimes before either were 
well documented [31]. Longleaf pine ecosystems provided pasturelands, lumber, and 
chemical products such as turpentine [16,34,35]. A general pattern of land use may have 
occurred where livestock herders first primarily used existing open ecosystems for forage, 
followed by conversion to row crop agriculture [32,35]. In the Coastal Plain of Mississippi, 
commercial logging companies first entered the area around 1840 [35]. Steam-powered 
technology, railroads, and inexpensive land prices coincided to escalate tree removal (‘cut-
out and get-out’) between 1880 and 1920, from which longleaf pine forests did not natu-
rally recover [36]. Land uses of chemical extraction for naval supplies, lumbering, and 

Figure 1. The Coastal Plain ecological province (yellow); [33], which is the southern ecological region
of the southeastern U.S., south of the Southeastern Mixed Forest ecological province (brownish
pink). The study area included available historical General Land Office surveys (green sections), with
intersected plots from current tree surveys (black points), in the Coastal Plain of southern Mississippi,
USA. We excluded surveys from Pearl River County to prevent overlap and allow comparison with
density estimates from previous research [19].

Euro-Americans cleared historical forests and altered fire regimes before either were
well documented [31]. Longleaf pine ecosystems provided pasturelands, lumber, and
chemical products such as turpentine [16,34,35]. A general pattern of land use may have
occurred where livestock herders first primarily used existing open ecosystems for forage,
followed by conversion to row crop agriculture [32,35]. In the Coastal Plain of Mississippi,
commercial logging companies first entered the area around 1840 [35]. Steam-powered
technology, railroads, and inexpensive land prices coincided to escalate tree removal
(‘cut-out and get-out’) between 1880 and 1920, from which longleaf pine forests did not
naturally recover [36]. Land uses of chemical extraction for naval supplies, lumbering,
and intensive livestock grazing or agriculture resulted in extensive areas without mature
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longleaf pines [16]. Longleaf pine regeneration was hindered by lack of mature trees,
sporadic cone production, limited seed dispersal, fire exclusion, and seedling depredation
by feral livestock, chiefly the hogs that saturated the land [15]. Of the 25-to-30 million ha of
longleaf pine woodlands in the Coastal Plain at Euro-American settlements, about 2 million
ha exists currently [16,20].

Historical map compilations and a few small studies indicate that longleaf pine fre-
quency decreased along the margins of the Coastal Plain, but boundaries generally remain
uncertain due to unavailable or inaccessible records [15,37]. Indeed, the use of longleaf
pine for naval supplies and other purposes in early Euro-American settlements before
documentation means that northern boundaries in the easternmost states may never be
known [15]. Historical maps of longleaf pine distributions were developed based on assess-
ments after Euro-American land use had already removed forests [16]. Several studies have
examined longleaf pine forests recorded by historical land surveys conducted generally
during the first half of the 1800s to record and sell land, although some eastern states
were not surveyed with grid-based methods [16]. However, the historical surveys largely
remain in inaccessible formats, resulting in slow research progression. The boundary of
longleaf pine dominance (>70% of all trees) has been clearly defined in part of Georgia [37],
and Black et al. [38] may have detected the border of decreasing longleaf pine in part of
Alabama. North of longleaf pine savannas and woodlands, the dissected northern south-
eastern U.S. contained distinctive historical oak-pine savannas and woodlands, containing
a balanced mixture of shortleaf pine (Pinus echinata) and upland oak species [37,39–42].
Longleaf pine occupancy decreased along with surface fire frequency in the smaller fire
compartments of the northern southeastern U.S., where rugged topography broke up fire
spread (e.g., [25]). According to scattered historical tree studies and accounts, areas where
pine comprises 50% to 60% of all trees may represent a zone where longleaf and shortleaf
pine frequently co-occurred [17,42]. Meanwhile, the existence of longleaf pine woodlands
abutting oak-shortleaf pine woodlands indicates an ecotonal boundary.

Paralleling global accounts of historical ecosystems lost to forestation, open longleaf
pine forests prior to Euro-American settlement have become closed forests featuring
broadleaf and commercial pine tree species, with frequent overstory removal through
harvest or other land uses resulting in successional cycles of clearcuts and young, dense
forests (Shafale and Harcombe [43] in southeast Texas; Hanberry et al. [19] in extreme
southern Mississippi). Our objective in this study was to characterize how historical
forests differed from contemporary forests on the Coastal Plain of Mississippi, particularly
strengthening density estimates for historical longleaf pine open forests. Because we limited
the extent to the Coastal Plain ecological province that represents the southern southeastern
U.S. [33], we expected to find historical open forests of longleaf pine, likely at densities of
open to closed woodlands, similar to Predmore et al. [44] and Hanberry et al. [19] We also
examined ecological boundaries and similarities based on the composition of historical
and contemporary forests to compare spatial and temporal turnovers in tree composition
within the Coastal Plain ecological province to that within the northern province of the
southeastern U.S. Collectively, this study provides a valuable record of long-term forest
development in a region where restoration efforts are extensive but historical evidence to
guide these efforts is often lost to land-use changes.

2. Methods
2.1. Study Area

Based on vegetation and soils, among other factors, McNab et al. [33] subdivided
the southeastern U.S. into ecological provinces of the Outer Coastal Plain Mixed Forest
in the southern extent and Southeastern Mixed Forest in the northern extent. Our study
area was the Outer Coastal Plain Mixed Forest ecological province in Mississippi, hereafter
referred to as the Coastal Plain province (Figure 1). Soils in the region are generally
classified as ultisols, which are highly leached and low in organic matter, with sand derived
from oceanic sediments [45]. Climate is Cfa in the Köppen climate classification: humid,
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featuring mild winters with minimum temperatures ranging from −4 to 15 ◦C during
January and hot summers with maximum temperatures ranging from 29 to 35 ◦C during
July (mean during 1981–2010; [46]). Annual precipitation ranging from 100 to 174 cm (mean
during 1981–2010) is partially offset by evapotranspiration, heavy downpours leading to
surface run-off, and sandy soils with poor moisture-holding capacity. Abundant rainfall
and warm temperatures with long growing seasons combine to make the region one of the
most productive for tree growth in North America.

2.2. Surveys, Tree Composition, Historical Boundary, and the Squared Chord Distance

The General Land Office (created year 1812) administered surveys of the Public Land
Survey System (created year 1785) based on 1.6 km square sections for the purpose of land
sales. Each section, for 36 sections within a township, was surveyed once, with survey
points that occurred every 0.8 km at the corners and middle of each section line [47]. Survey
points contained information recorded about tree species, diameter, distance, and azimuth
of two to four trees. We transcribed 10,984 survey points recorded between 1807 to 1841
in the Coastal Plain ecological province in Mississippi (Figure 1; [33]) from all available
scanned field notes [48]; additionally, we examined the northern part of the province to
check for changes in forest type to oak-pine forests. We excluded sections from Pearl River
County to prevent overlap and allow comparison with density estimates from previous
research [19]. The survey points contained 25,555 trees, but only 6940 trees had recorded
diameters. Following survey instructions, surveyors selected trees of moderate diameter
that were sound rather than the nearest trees [49,50]. Due to lack of information about
diameters for most trees, we did not exclude 218 trees, out of 6940 trees with diameter
information, which had diameters < 12.7 cm at a 1.37 m height above ground level (DBH).
The historical distribution of trees may have contained a greater percentage of larger-
diameter trees than the moderate-diameter trees recorded by surveyors due to limited tree
harvesting before Euro-American settlement.

The modern Forest Inventory and Analysis (FIA) surveys occur in long-term plots
located in forests about every 2500 ha nationally [51,52]. Each plot consists of four 7.31 m
radius subplots. We selected 446 plots from the latest complete cycle of surveys from years
2009 to 2015 that intersected the sections with available GLO surveys. These plots contained
7865 trees (DBH ≥ 12.7 cm).

For both datasets, we determined composition, as a percentage of all trees. Although
pine species (Pinus) were not differentiated in historical surveys, most pines were probably
longleaf pine based on historical accounts and early forest reports [16,18]. Similarly, hickory
species (Carya) were not distinguished in historical surveys. Oak species (Quercus) and
evergreen broadleaf species (Magnolia and Persea) identification was variable; therefore, we
grouped evergreen broadleaf species and oaks. We divided trees recorded as ‘gum’ propor-
tional to the recorded number of blackgum (Nyssa sylvatica) and sweetgum (Liquidambar
styraciflua).

We inspected the historical tree surveys for changes in the percentage of pine from
south to north. The five northern counties were at the margins of the Coastal Plain eco-
logical province, at the ecotone between longleaf pine and oak-pine woodlands (Figure 1).
We mapped the fit of boundaries from ecological classification systems [33,51,53,54] for
changing historical pine composition.

We differentiated the composition of historical and current forests. We used differences
between historical and contemporary tree compositions to delineate current boundaries.
In addition, we assigned a value of dissimilarity with the squared chord distance metric,
which is the standard metric for comparing how analogous species assemblages are over
time [55,56]. Historical and contemporary forests that differ in composition tend to have a
squared chord distance ≥ 0.15, while values between 0.12 and 0.15 indicate some diver-
gence [55]. We compared species or species groups that had at least moderate presence
(≥2% of all trees) in either historical or contemporary surveys for the Coastal Plain or
ecotonal forests.
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2.3. Historical Density

Density estimates from the plotless method of historical surveys are not as accurate as
from plot surveys [57]. Nonetheless, density estimates from the Morisita plotless estima-
tor [58] are relatively accurate if sample sizes are at least 2000 survey points with two trees,
with correction factors for the number of trees per survey points, potential spatial pattern,
and surveyor bias [57,59]. Clustering of trees will inflate density estimates. Conversely,
density is underestimated if recorded trees are not the nearest trees, but adjustments can
correct for surveyor bias [59].

We estimated density using the Morisita plotless estimator for two trees per survey
point, providing a range of estimates to account for uncertainty and to place density
estimates into ecosystem classes for context [60]. For 311 survey points with no trees or
1 tree, we added a distance of 70 m for the missing distances, albeit the small number
of survey points has an accordingly small effect on overall density [57]. For 2110 survey
points with more than two trees, we retained only the two nearest trees. We decreased
the density for points with two trees [57]. We generated low and high density values
according to potential clustered and regular spatial patterns [57]. We increased the low
and high density values to incorporate uncertainty from surveyor bias [59]. We adjusted
for non-random frequencies of quadrant location, quadrant configuration, and azimuth
by applying adjustment quotients from regression equations [59]. The final low density
value was the adjusted low density estimate, about 0.9 of the value for the Morisita density
estimate of survey points with two trees. The moderately low density value was a simple
mean of the adjusted low and high densities, about equal to the Morisita density estimate
for survey points with two trees. For a moderately high density value, we applied a
correction from a rank-based method for a mean tree rank of 1.8 (i.e., surveyors most often
selected the second nearest tree; [59], which was about 1.35-fold greater than the Morisita
density estimate for survey points with two trees. We calculated a moderate density value
as a simple mean of the moderately low and moderately high density estimates, or about
1.2-fold greater than the Morisita density estimate for survey points with two trees.

From modern surveys, we calculated mean densities. We selected plots with at least
two trees (i.e., to reduce the potential influence of clearcutting). We summed densities in
each plot using the tree expansion factor of 6.018, by which one tree represents the inverse
of the plot area.

3. Results
3.1. Identification of the Historical Boundary between Pine and Oak-Pine Open Forests

Although we expected longleaf pine forests within the Coastal Plain, the five northern
counties were at the margins of the ecological province (Figures 1 and 2). This location
indeed contained the ecotone between longleaf pine woodlands and oak-pine woodlands,
albeit comprehensive survey data were not available to cover the entire boundary (Figure 2).
From south to north, pine percentages decreased from 88% and 89% in longleaf pine
woodlands south of the ecotonal boundary to 56% through the ecotonal boundary that
extended within a short distance, covering at most two townships, which is less than
20 km. Within another four townships, pine percentages were at 34% in oak-pine forests.
Compared to the Coastal Plain ecological province [33] that encompassed the ecotone, other
ecological classification systems shared a similar boundary (East Gulf Coastal Plain; [54]), a
more northern boundary (Southeastern Plains; [61], or a southern boundary that matched
well with the historical ecotonal boundary (Southeastern Conifer Forests; [53]).
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Figure 2. Historical shift in pine percentage from longleaf pine forests (88% and 89% pine) to oak-pine
forests (56% pine decreasing to 34%) at the margin of the Coastal Plain ecological province (A).
Compared to the Coastal Plain ecological province ((B); yellow); [33], other ecological classification
systems shared a similar encompassing boundary ((C); brown); East Gulf Coastal Plain; [54], a more
northern boundary ((D); pink); Southeastern Plains; [61], or a southern boundary that intersected
with the historical ecotonal boundary ((E); light yellow); Southeastern Conifer Forests; [53].

3.2. Historical and Current Forests in the Central and Southern Coastal Plains

Within the central and southern Mississippi Coastal Plain province, for 16,105 historical
tree records and 5210 contemporary tree records, nine species or species groups had greater
than trace presence (≥0.5% of all trees, generally DBH ≥ 12.7 cm) in either the historical
(mean year 1824, ranging from 1807 to 1841) GLO surveys or current FIA surveys (Table 1).
Pine was the predominant genus in both datasets but decreased over time from 87.5% in
historical surveys to 55.5% of all trees in contemporary surveys. Fire-tolerant longleaf
pine is documented to be the preponderant historical species and decreased to 10.2% of all
trees, which is a high percentage for diminished longleaf pine currently. Plantation species
of slash (Pinus elliottii) and loblolly pines (Pinus taeda) were 23% and 22%, respectively,
of all trees in contemporary surveys. Broadleaf evergreen species, of which ‘bays’ are
primarily a wetland species, increased from 4.0% to 9.8% of all species; oaks increased
from 2.6% to 9.8% of all species, primarily due to wetland water oak (Quercus nigra); and
blackgum increased from 1.2% to 8.1% of all species. Trace (≤0.5% of all trees) historical
early and mid-successional species of sweetgum, yellow-poplar (Liriodendron tulipifera),
and red maple (Acer rubrum) increased to 2.5%, 2.3%, and 3.2% of all trees, respectively.
Swamp tupelo (Nyssa biflora) may also have increased, albeit surveyors may have avoided
recording trees in swamps.
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Table 1. Count and percentage of historical (1807 to 1841) species or species groups compared to
contemporary count and percentage of species in the central and southern Coastal Plain ecological
province in Mississippi. Uncommon historical and current species (≤0.5%) were excluded.

Historical Contemporary

Species Group Count % Species Scientific Name Count %

pine (longleaf pine) 14,085 87.5 55.5
slash pine (planted) Pinus elliottii 1194 22.9

loblolly pine (planted) Pinus taeda 1139 21.9
longleaf pine Pinus palustris 530 10.2
shortleaf pine Pinus echinata 21 0.4
spruce pine Pinus glabra 9 0.2

bay 638 4.0 9.8
(broadleaf evergreen) sweetbay Magnolia virginiana 430 8.3

southern magnolia Magnolia grandiflora 41 0.8
redbay Persea borbonia 39 0.7

oak 425 2.6 9.8
water oak Quercus nigra 259 5.0
laurel oak Quercus laurifolia 82 1.6
post oak Quercus stellata 50 1.0

southern red oak Quercus falcata 46 0.9
white oak Quercus alba 36 0.7

blackgum 200 1.2 blackgum Nyssa sylvatica 424 8.1
cypress-tupelo 117 0.7 5.5

swamp tupelo Nyssa biflora 189 3.6
pondcypress Taxodium ascendens 53 1.0
baldcypress Taxodium distichum 44 0.8

holly 90 0.6 American holly Ilex opaca 63 1.2
sweetgum 80 0.5 sweetgum Liquidambar styraciflua 128 2.5

maple 65 0.4 red maple Acer rubrum 165 3.2
poplar 16 0.1 yellow-poplar Liriodendron tulipifera 119 2.3

Total 15,716 97.6 5061 97.9

Only about 10% of historical tree records had diameter information, but mean diameter
was 42.9 cm historically (simple means rather than quadratic means, and no small trees
excluded) and 22.8 cm currently (for DBH ≥ 12.7 cm; Table 2). Historical pines (1041 records
and 85% of diameter records) had a mean diameter of 45.8 cm. For contemporary forests,
mean slash pine diameters (1194 records) and longleaf pine diameters (539 records) were
both 24.6 cm, whereas loblolly pine diameters (1139 records) were 22.4 cm.

Table 2. A range of estimated historical tree densities (trees ha−1) to account for uncertainty, current
tree densities, and historical and current mean diameters (cm) for the central and southern Coastal
Plain and northern Coastal Plain.

Landscape
Historical Densities Current Densities Historical Current

Unadjusted Low Mod Low Moderate Mod High Mean Low High Diameter (cm)

Coastal Plain 197 168 189 228 268 336 308 364 42.9 22.8
Northern

Coastal Plain 150 144 162 183 204 400 352 447 38.9 23.2

Historically, estimates of tree density ranged from a low value of 168 trees ha−1, mod-
erately low value of 189 trees ha−1, moderate value of 228 trees ha−1, to a moderately high
value of 268 trees ha−1 (Table 2). These densities generally indicated the existence of closed
woodlands (open woodlands < 175 trees ha−1 and closed woodlands < 250 trees ha−1; [60].
In contrast, contemporary mean tree density was 336 trees ha−1, representing a transition
to closed forests.
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3.3. Historical and Current Forests in the Ecotonal Northern Coastal Plain

Within the northern five counties of the Mississippi Coastal Plain province, for 9450 his-
torical tree records and 2655 current tree records, 17 species or species groups had greater
than trace presence (≥0.5% of all trees) in either the historical (mean year 1829, ranging from
1821 to 1833) or contemporary surveys (Table 3). Historically, fire-tolerant pine represented
47% of all trees, and fire-tolerant oaks were 32% of all trees. Fire-tolerant shortleaf pine and
longleaf pine were the predominant historical pine species in this ecotone; longleaf pine
decreased to 0.5% of all trees, and shortleaf pine decreased to 1.8% of all trees. Currently,
pine was 55% of all trees, with primarily planted loblolly pine at 51.6% of all trees. Oaks
have decreased to 13.2% of all trees, of which the wetland water oak was 6.2% of all trees.
Hickories were historically a moderate component of these forests, at 6% of all trees, but
have declined to 1.3% of all trees. Smaller tree species of American holly (Ilex opaca) and
flowering dogwood (Cornus florida) decreased, while ‘ironwood’ (Ostrya virginiana) and
sourwood (Oxydendrum arboreum) may have increased, although samples were small for
both historical and current surveys. American beech (Fagus grandifolia) and Castanea species
were also minor components that decreased over time; indeed, no Castanea were present in
current surveys, indicating that these species may have been American chestnut (Castanea
dentata). Early successional species, with low shade tolerances (<2.5 shade tolerance; [62]),
increased. Sweetgum increased from 1.5% to 10.8% of all species, while yellow-poplar and
black cherry (Prunus serotina) increased from few recorded trees to 3.5% and 2.5% of all
trees, respectively. Chinese tallowtree (Triadica sebifera) is an invasive species.

Table 3. Count and percentage of historical (1821 to 1833) species or species groups compared to
contemporary count and percentage of species in the northern part of the Coastal Plain ecological
province in Mississippi. Uncommon historical and current species (≤0.5%) were excluded. Chinese
tallowtree is a non-native species (N/A).

Historical Contemporary

Species Group Count % Species Scientific Name Count %

pine (shortleaf pine) 4419 46.7 55.1
loblolly pine (planted) Pinus taeda 1369 51.6

shortleaf pine (planted) Pinus echinata 48 1.8
spruce pine Pinus glabra 28 1.1

longleaf pine Pinus palustris 13 0.5
slash pine Pinus elliottii 5 0.2

oak 3029 32.0 13.2
water oak Quercus nigra 165 6.2
white oak Quercus alba 78 2.9

southern red oak Quercus falcata 39 1.5
post oak Quercus stellata 27 1.0

cherrybark oak Quercus pagoda 17 0.6
hickory 567 6.0 1.3

mockernut hickory Carya alba 13 0.5
pignut hickory Carya glabra 11 0.4

holly 210 2.2 American holly Ilex opaca 5 0.2
blackgum 177 1.9 blackgum Nyssa sylvatica 67 2.5

beech 153 1.6 American beech Fagus grandifolia 10 0.4
sweetgum 140 1.5 sweetgum Liquidambar styraciflua 287 10.8

maple 130 1.4 red maple Acer rubrum 58 2.2
dogwood 105 1.1 flowering dogwood Cornus florida 12 0.5

bay 94 1.0 1.9
(broadleaf evergreen) sweetbay Magnolia virginiana 41 1.5

chestnut 98 1.0 Castanea 0 0.0
ironwood 47 0.5 1.0

American hornbeam Carpinus caroliniana 24 0.9
eastern hophornbeam Ostrya virginiana 3 0.1
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Table 3. Cont.

Historical Contemporary

Species Group Count % Species Scientific Name Count %

elm 37 0.4 1.6
winged elm Ulmus alata 28 1.1

American elm Ulmus americana 13 0.5
poplar 35 0.4 yellow-poplar Liriodendron tulipifera 92 3.5

sourwood 33 0.3 sourwood Oxydendrum arboreum 20 0.8
cherry 9 0.1 black cherry Prunus serotina 67 2.5
N/A Chinese tallowtree Triadica sebifera 19 0.7

Total 9283 98.2 2559 98.2

While only about 60% of historical tree records had diameter information, mean
diameter was 38.9 cm historically (simple means rather than quadratic means, with no
small trees excluded) and 23.2 cm currently (for DBH ≥ 12.7 cm; Table 2). Historical
pines (2419 records and 42% of diameter records) had a mean diameter of 44.8 cm. In
contrast, loblolly pine diameters (1369 records) currently average 23.0 cm. Historical oaks
(2070 records and 36% of diameter records) had a mean diameter of 37.9 cm, while currently,
white oak (Quercus alba), the upland oak species with the most records (78), had a mean
diameter of 26.0 cm.

Tree density historically ranged from a low value of 144 trees ha−1, moderately low
value of 162 trees ha−1, moderate value of 183 trees ha−1, to a moderately high value
of 204 trees ha−1 (Table 3). These densities represent open and closed woodlands (open
woodlands < 175 trees ha−1 and closed woodlands < 250 trees ha−1; [60]). In contrast,
current mean tree density was 400 trees ha−1, representing a transition to closed forests.

3.4. Comparison between Historical and Contemporary Forests with the Squared Chord Distance

Pine and oak-pine percentages varied between historical forests of the central and
southern Coastal Plain and ecotonal area of the northern margin, that is, 87.5% pine com-
pared to 46.7% pine and 2.6% oak compared to 32% oak, respectively (Figure 3; with species
assignments for pine described below). Historical fire-tolerant pine and oak dominance
resulted due to species filtering by fire disturbance. Contemporary forests remained rela-
tively comparable in pine percentage to historical forests due to the establishment of pine
monocultures, with current pine percentages of about 55%. Current oak percentages were
around 10%. Hickory was common only in the historical ecotone of the northern Coastal
Plain province, whereas black cherry was common in current forests of the northern Coastal
Plain province. Likewise, sweetgum was common in contemporary forests throughout the
Coastal Plain province. Red maple and yellow-poplar percentages were relatively similar
and increased in both contemporary forest locations compared to their minor presence
in historical forests. Although blackgum was common in contemporary forests of the
northern Coastal Plain province, wetland species including blackgum, cypress, and bay
were more abundant in contemporary forests of the central and southern Coastal Plain
province than in historical forests or contemporary forests of the northern Coastal Plain
province (Figure 4). According to this distinction of woody wetlands cover, which remains
abundant (23% of area; [63]) in the Coastal Plain, we delineated a current boundary for these
forests (Figure 5) based on tree species with high (≥3.5) waterlogging tolerance [62], albeit
blackgum is only a facultative wetland species, similar to many tree species. We calculated
percentage of tree species with high water-logging tolerance by ecological subsections (i.e.,
smaller landscapes within ecological provinces; [33]) and selected ecological subsections
where these species were >5% of all trees [52].
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Figure 5. Currently, instead of fire-maintained longleaf pine woodlands, wetland tree species (de-
fined by >5% of all trees with high waterlogging tolerance at landscape scales of ecological subsec-
tions; [33,52]) may demarcate Coastal Plain vegetation. 
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Figure 3. Changes in tree species composition (percentage of all trees) between historical and currrent
forests of the central and southern Coastal Plain and northern Coastal Plain.
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Figure 4. Changes in tree species composition (percentage of all trees) by groupings between historical
and currrent forests of the central and southern Coastal Plain and northern Coastal Plain.

We calculated a dissimilarity metric for the more abundant species or species groups
of pines, oaks, hickories, blackgum, tupelo, bays, sweetgum, black cherry, holly, maple, and
yellow-poplar with pair-wise comparisons of historical and current composition (Figure 3).
The squared chord distance was 0.295 between historical longleaf pine forests and historical
ecotonal oak-pine forests, 0.162 between historical longleaf pine forests and contemporary
forests, 0.151 between historical ecotonal oak-pine forests and contemporary forests, and
0.146 between contemporary forests in the northern Coastal Plain and the central and
southern Coastal Plain. Because the pine grouping contained both fire-tolerant historically
dominant species and currently dominant plantation species, for a general idea of change,
we also used the current pine percentages of loblolly pine, slash pine, longleaf pine, and
shortleaf pine and then assigned the majority of pine to the primary species of the historical
forests, dividing up the remainder among the other three pine species (Figure 3). For
example, we assigned 80% to longleaf pine of the 87.5% total pine for the longleaf pine
forests of the central and southern Coastal Plain and 40% to shortleaf pine of the 46.7% total
pine for ecotonal forests, while recognizing that these percentages are not known. With
these changes, the dissimilarities indicated by squared chord distance values increased
to 0.928 between historical forests, 0.713 and 0.720 between both sets of historical and
contemporary forests, and 0.464 between contemporary forests.
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Figure 5. Currently, instead of fire-maintained longleaf pine woodlands, wetland tree species
(defined by >5% of all trees with high waterlogging tolerance at landscape scales of ecological
subsections; [33,52]) may demarcate Coastal Plain vegetation.

4. Discussion

Historical forest ecosystems in the United States were distinct, with strong ecologi-
cal boundaries separating ecosystem types, and provided a range of ecosystem services
due to a gradient of open structure. Specifically, longleaf pine woodlands dominated the
Coastal Plain and oak-pine woodlands occurred in the northern province of the southeast-
ern U.S. [16,42]. In this study, we detected the ecotonal boundary between longleaf pine
woodlands and oak-pine woodlands in the northern margin of the Coastal Plain of Missis-
sippi. We strengthened the information about historical longleaf pine forests, supplying
an historical density estimate of closed woodlands in Mississippi (similar to [19]), and we
provided a density estimate of open to closed woodlands in the ecotonal landscape. We
also had the opportunity to contrast historical forest types and the differences between
contemporary forests (Figure 6), finding that the greatest compositional difference existed
between historical forest types, based on the squared chord distance. Conversely, contem-
porary forests are not comprised of such differentiated, dominant vegetation types. Instead,
in the southeastern U.S., current forests are a homogenized mixture of commercial pines,
early and mid-successional broadleaf species, and wetland species, which do not contain
the range of open ecosystem structure in woodlands of the past, analogous to other newly
developed forests in the U.S. and elsewhere [64]. Nonetheless, the moderate component
of wetland tree species in the southern Coastal Plain offers one approach to delineate
current forest type boundaries between the Coastal Plain and northern southeastern U.S.
Aligning with many regions world-wide, unique open longleaf pine ecosystems that have
ecological and cultural importance have been replaced by plantations, dense forests after
fire exclusion, and other land uses [1–3,65].
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Figure 6. Longleaf pine dominance after onset of harvesting, particularly in the easternmost states
where historical composition is unknown (Sargent 1884), and potential historical range of longleaf
and shortleaf pine, interspersed with grasslands and wetlands, in the southeastern U.S. and extending
along the Coastal Plain ((A); [25]). Currently, longleaf pine and shortleaf pine have limited dominance
(dominance defined by ≥10% of all trees at landscape scales of ecological subsections; [33,52]), despite
an overall forested region, comprised of broadleaf forests, pine plantations, and woody wetlands
((B); [63]).

4.1. Longleaf Pine Open Forests in the Coastal Plain

Before Euro-American settlement, forests in the central and southern Coastal Plain of
Mississippi were dominated by pines, at 87.5% of all trees. Based on historical accounts
and early forest reports by contemporaneous authors, fire-tolerant longleaf pine was the
dominant species, with a minor component of loblolly pine and other southern pine
species [16,18,66,67]. Indeed, due to the frequent occurrence of surface fire, only the
longleaf pine grass stage, which is a rare adaptation among Pinus [68] to protect the
apical meristem, may have allowed tree species to persist throughout the Coastal Plain.
Similarly high historical percentages for pines have been reported for other locations
within the Coastal Plain [16,19,37,38,43,44,69,70]. The remainder of the historical forests
was comprised primarily of broadleaf tree species, whereas inundated areas were host to
cypress and tupelo.

Longleaf pine has been replaced by commercial species of loblolly pine and slash pine
and diverse broadleaf tree species, which cycle from clearcuts to dense forests. Following
Euro-American settlement, longleaf pine forests have been logged and converted to other
land uses, with attendant surface fire exclusion, generally after the historical land surveys
in Mississippi [18]. Longleaf pine did not regenerate well following the exploitative logging
era, due to factors such as lack of seed trees and presence of feral hogs [15]. Benefitting from
the absence of fire and a lack of competition from longleaf pine, tree species increased in
abundance as they migrated from firebreaks to adjacent upland areas previously occupied
by longleaf pine before clearing and agricultural abandonment. In this study, broadleaf
tree species consisting of evergreen species known as ‘bays’, blackgum, sweetgum, red
maple, yellow-poplar, and water oak increased. Although loblolly and other pine species
also are pioneers on abandoned agricultural land [71], loblolly and slash pine plantations
have become progressively more common in the southeastern U.S. since 1950, covering
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17 million ha in 2017 [16]. Therefore, slash and loblolly pines now account for about 45% of
all tree species.

Historical tree density estimates ranged from 168 to 268 trees ha−1, depending on
spatial pattern and bias, in the central and southern Coastal Plain of Mississippi, similar
to estimates in an adjacent area [18]. Predmore et al. [44] calculated 105 trees ha−1, a
density that indicates open woodlands, in historical pine forests of southern Alabama. For
several longleaf pine forests in southeastern Alabama, southern Mississippi, and Southern
Louisiana, Schwarz [44] quantified densities from 128 to 230 trees ha−1, but two stands,
one of which was ‘immature’, had densities of 407 and 417 trees ha−1. Taken together,
these estimates suggest that across the Coastal Plain, longleaf pine ecosystems may have
been a mosaic of open and closed woodlands. As noted by early explorers such as William
Bartram in the 1770s [72], savannas and grasslands were present, while some embedded
wetlands, including riparian forests, contained closed, dense forests [25].

A mosaic of stand densities is typically the outcome of differences in surface fire
regimes, which are influenced by interactions with topography, vegetation, and water
bodies. Surface fire is an understory disturbance that preferentially removes small diameter
trees, but other forms of disturbance that impact large, canopy trees also occurred on a
less frequent basis. Surveyors in Mississippi noted areas destroyed by hurricanes [48].
These would have disturbed a portion of the forest, initiating its regrowth. Nonetheless,
tree diameters were historically large, and longleaf pine is a long-lived species capable
of reaching more than 450 years [73], which is an advantageous trait where overstory
disturbance is rare.

Compared to historical forests, contemporary forests in the Coastal Plain ecological
province are closed forests containing a high density of smaller-diameter trees. The struc-
tural transition to closed forests has also been reported for other historical longleaf pine
open forests [19,28]. In naturally regenerated forests, stand density increased as broadleaf
species invaded [14]. Artificially established monocultures also contain high densities of
planted pines. Frequent overstory disturbance, including harvest of pine plantations on
about 25-year cycles, has contributed to reduced tree diameters [16].

4.2. Oak-Pine Ecotonal Forests in the Northern Coastal Plain

Shifts in space between dominant ecosystem types at landscape scales are different
than environmental gradients along the topographic positions from ridges and upper
slopes to lowlands within watersheds. Historical forests at the northern edge of the Coastal
Plain in Mississippi transitioned into oak-pine woodlands from longleaf pine woodlands
in the central and southern Coastal Plain. Pine percentages decreased in space from 89%
to 34% of all trees at the margin of the Coastal Plain province. Tree composition changed
relatively rapidly; over a distance of at most 20 km, or a gap of two townships, pine
decreased from 89% to 56% of all trees, and over the next 40 km, pine decreased from
56% to 34% of all trees (Figure 2). Based on shortleaf pine as the primary pine component
of oak-pine forests [39,42], longleaf pine decreased and shortleaf pine increased as pine,
overall, decreased; upland, fire-tolerant oaks also increased.

Like longleaf pine woodlands to the south, the combined legacies of overstory distur-
bance, fire exclusion, and commercial monoculture expansion have changed the composi-
tion and structure of the ecotonal forests of the northern Coastal Plain in Mississippi [71].
Currently, loblolly pine is the primary pine species, replacing fire-tolerant shortleaf pine
and fire-tolerant oaks, albeit oak reductions are partially disguised by the increase in the
wetland water oak species. Water oak has increased by tree encroachment from wetlands
to adjacent mesic uplands [74]. Fire-tolerant species depend on fire to reduce competition
from other tree species. Indeed, fire-tolerant oaks encourage fire by producing a highly
combustible litter [75,76]. Hickories also decreased, and while not particularly fire-tolerant
when young, mockernut hickory (Carya alba) and pignut hickory (C. glabra), like all true
hickories, sprout prolifically from stumps and/or root suckers [77,78]. Likely of greater im-
portance than fire to hickories, historical agroforestry favored mast-bearing tree species [70].
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Oak and hickory species typically do not grow rapidly while young, and, thus, are over-
topped by faster-growing species, such as sweetgum, that are abundant in contemporary
forests [79].

Encroachment by shade-intolerant, early successional species such as sweetgum,
yellow-poplar, and black cherry is remarkable in this area. Sweetgum and yellow-poplar
were the major increasing broadleaf species in other studies for this province, but not black
cherry, although black cherry has increased greatly in other locations [16,42]. Sweetgum has
several traits that allow it to colonize sites. Besides rapid growth, advantageous invading
attributes include physiological traits that alter its chemistry to dissipate heat, structural
traits that make it resistant to breaking in high winds, and developmental traits that produce
root suckers when lateral roots become exposed to light [80]. Yellow-poplar colonization is
enhanced by wind dispersal of its winged carpels [81]. Once seeds become imbedded in the
soil seed bank, they are viable for three to seven years [82]. With repeated seed introduction,
this species is poised to germinate whenever a gap is formed by a wind-toppled canopy
tree and may persist in the absence of fire. In addition, prolific stump-sprouting after
being top-killed facilitates yellow-poplar persistence after a high-intensity fire. Black cherry
may enter openings especially through animal dispersal. Once established, black cherry
seedlings may resprout repeatedly over extended time intervals [83]. Resprouts have been
reported to produce fruits as early as their second year, a feature which would enhance
encroachment potential [84].

Tree densities have increased, while frequent overstory disturbance has reduced tree
diameters. Historical tree densities of the ecotonal oak-pine forests were open to closed
woodlands, with lesser tree density estimates than closed woodland estimates for longleaf
pine forests in the central and southern Coastal Plain. Although this is just one estimate
for forests in transition over space, to our knowledge, it is the first landscape estimate
for historical oak-pine forests. Without understory control of fire-sensitive tree species by
frequent surface fire, ecosystems have transitioned from open woodlands to closed forests.

4.3. Comparisons among Forests through Boundaries and the Squared Chord Distance

Historical ecosystems had distinct tree composition, dominated by a few founda-
tional species or genera. The greatest squared chord distance, a measure of compositional
similarity, among comparisons of historical and current forests was between historical
longleaf pine forests and the historical oak-pine and ecotonal pine forests, indicating strong
differentiation. Fire regimes filtered the available tree species pool of hundreds of broadleaf
tree species throughout most of the eastern U.S., favoring fire-tolerant oak and pine species.
Due to greater rugged topography that broke up fire spread in the northern southeastern
U.S. (Hanberry and Noss 2022), longleaf pine percentage decreased along with surface
fire frequency in the smaller fire compartments north of the flat Coastal Plain, where oaks
and shortleaf pine had greatest abundance. Although the McNab et al. [33] and related
The Nature Conservancy [54] ecological classifications had boundaries along historical
ecotonal forests, the Olson et al. [53] boundary occurred within the ecotone between pine
percentages of 89% and 56% (Figure 2).

The least squared chord distance difference was between boundaries of contemporary
forests, but the values indicated that contemporary forests of the Coastal Plain were differ-
ent from those of the northern margin of the Coastal Plain in the ecotone. Pine monocultures
have become abundant, and the two contemporary forest landscapes had an equivalent
composition of 55% pines, primarily of commercially managed species. The percentage
of early successional broadleaf species and wetland species varied among contemporary
forests. Many broadleaf species are no longer confined to fire breaks; consequently, early
successional tree species have become abundant, particularly in the northern margin of the
Coastal Plain.

Nonetheless, as successional status may change over time, wetland tree species may
more permanently delineate the Coastal Plain from the northern southeastern U.S. The
Coastal Plain currently is comprised of about 28% wetlands in land area excluding water,
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while the northern southeastern U.S. contains only 8% wetlands [63]. Instead of historical
patterns of pine abundance resulting from surface fire regimes that decreased in frequency
from the flat Coastal Plain to the more rugged interior, wetlands may provide the current
filter on the species pool that differentiates Coastal Plain forests from northern forests. Thus,
the description of ‘mixed forest’ (i.e., Outer Coastal Plain Mixed Forest and Southeastern
Mixed Forest ecological provinces) does not represent historical pine or pine-oak forests
or differentiate current forests in the Coastal Plain from the northern southeastern U.S.
Ecological classification systems are useful constructs but do not necessarily describe
current or historical boundaries in vegetation. Boundaries may soften and become even
less distinct in the future as species ranges shift under climate change.

5. Conclusions

Similar to other studies conducted internationally, we documented the forestation of
historically open forests in the Coastal Plain of the southeastern U.S. Open forests of histor-
ically distinctive longleaf pine woodlands and ecotonal oak-pine woodlands transitioned
to contemporary closed forests of predominant commercial pine species, successional
broadleaf tree species, and wetland tree species. The moderate component of wetland tree
species in the abundant wetlands of the Coastal Plain may help delineate contemporary
forest boundaries now that forests have developed similar structures and tree species
without fire disturbance. In contrast, historically, wetlands were incorporated within domi-
nant longleaf pine forests, and historical pine and oak composition resulted from surface
fire regimes, which shifted at regional scales. Ecoregional boundaries have meaning, but
both the boundaries and the meaning have changed over time, as contemporary forests
have become more similar than unique historical open forests. Forestation, particularly by
fire-sensitive tree species, had produced homogenized forests, which do not deliver the
same ecosystem services as open gradients in ecosystems of the past.

Author Contributions: Conceptualization, R.T. and B.B.H.; methodology, R.T. and B.B.H.; formal
analysis, B.B.H.; investigation, R.T.; data curation, R.T. and B.B.H.; writing, R.T. and B.B.H.; writing,
review and editing, R.T., B.B.H. and J.L.W.; visualization, B.B.H. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Publicly available datasets were analyzed in this study. These data can
be found here: USDI Bureau of Land Management. General Land Office Records, 2022. Available
online: https://glorecords.blm.gov/search/default.aspx?searchTabIndex=0&searchByTypeIndex=1
(accessed on 31 May 2023).

Acknowledgments: This research was supported by the USDA Forest Service, Rocky Mountain
Research Station, and Southern Research Station. The findings and conclusions in this publication are
those of the authors and should not be construed to represent any official USDA or U.S. Government
determination or policy.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Joshi, A.A.; Sankaran, M.; Ratnam, J. ‘Foresting’ the grassland: Historical management legacies in forest-grassland mosaics in

southern India, and lessons for the conservation of tropical grassy biomes. Biol. Conserv. 2018, 224, 144–152. [CrossRef]
2. Buisson, E.; Le Stradic, S.; Silveira, F.A.; Durigan, G.; Overbeck, G.E.; Fidelis, A.; Fernandes, G.W.; Bond, W.J.; Hermann, J.M.;

Mahy, G.; et al. Resilience and restoration of tropical and subtropical grasslands, savannas, and grassy woodlands. Biol. Rev. 2019,
94, 590–609. [CrossRef] [PubMed]

3. Ratnam, J.; Tomlinson, K.W.; Rasquinha, D.N.; Sankaran, M. Savannahs of Asia: Antiquity, biogeography, and an uncertain future.
Philos. Tran. R. Soc. B 2016, 371, 20150305. [CrossRef] [PubMed]

4. Komarek, R. A discussion of wildlife management, fire and the wildlife landscape. Proc. Tall Timbers Fire Ecol. Conf. 1966, 5,
177–194.

5. Osborne, J.L.; Williams, I.H.; Corbet, S.A. Bees, pollination and habitat change in the European community. Bee World 1991, 72,
99–116. [CrossRef]

https://glorecords.blm.gov/search/default.aspx?searchTabIndex=0&searchByTypeIndex=1
https://doi.org/10.1016/j.biocon.2018.05.029
https://doi.org/10.1111/brv.12470
https://www.ncbi.nlm.nih.gov/pubmed/30251329
https://doi.org/10.1098/rstb.2015.0305
https://www.ncbi.nlm.nih.gov/pubmed/27502371
https://doi.org/10.1080/0005772X.1991.11099088


Forests 2024, 15, 532 16 of 18

6. Kimmerer, R.W.; Lake, F.K. The role of indigenous burning in land management. J. For. 2001, 99, 36–41.
7. Blackstock, M.D.; McAllister, R. First Nations perspectives on the grasslands of the interior of British Columbia. J. Ecol. Anthropol.

2004, 8, 24–46. [CrossRef]
8. Baker, A.G.; Catterall, C.; Benkendorff, K.; Law, B. No room to move: Bat response to rainforest expansion into long-unburnt

eucalypt forest. Pac. Conserv. Biol. 2020, 27, 13–26. [CrossRef]
9. Farley, K.A.; Jobbágy, E.G.; Jackson, R.B. Effects of afforestation on water yield: A global synthesis with implications for policy.

Glob. Chang. Biol. 2005, 11, 1565–1576. [CrossRef]
10. Mayle, F.E.; Langstroth, R.P.; Fisher, R.A.; Meir, P. Long-term forest–Savannah dynamics in the Bolivian Amazon: Implications for

conservation. Philos. Tran. R. Soc. B 2007, 362, 291–307. [CrossRef]
11. Bonnesoeur, V.; Locatelli, B.; Guariguata, M.R.; Ochoa-Tocachi, B.F.; Vanacker, V.; Mao, Z.; Stokes, A.; Mathez-Stiefel, S.L. Impacts

of forests and forestation on hydrological services in the Andes: A systematic review. For. Ecol. Manag. 2019, 433, 569–584.
[CrossRef]

12. Lyons, K.G.; Török, P.; Hermann, J.M.; Kiehl, K.; Kirmer, A.; Kollmann, J.; Overbeck, G.E.; Tischew, S.; Allen, E.B.; Bakker, J.D.;
et al. Challenges and opportunities for grassland restoration: A global perspective of best practices in the era of climate change.
Glob. Ecol. Conserv. 2023, 46, e02612. [CrossRef]

13. Fairhead, J.; Leach, M. False forest history, complicit social analysis: Rethinking some West African environmental narratives.
World Dev. 1995, 23, 1023–1035. [CrossRef]

14. Wahlenberg, W.G. Longleaf Pine; Charles Lathrop Pack Forestry Foundation: Washington, DC, USA, 1946. Available online:
https://www.biodiversitylibrary.org/bibliography/172744 (accessed on 16 February 2023).

15. Frost, C.C. Four centuries of changing landscape in the longleaf pine ecosystem. In Proceedings of the 18th Tall Timbers Fire
Ecology Conference: The Longleaf Pine Ecosystem, Ecology, Restoration and Management, Tallahassee, FL, USA, 30 May–
2 June 1991; Hermann, S.M., Ed.; Tall Timbers Research Station: Tallahassee, FL, USA, 1993; pp. 17–43. Available online:
http://www.talltimbers.org/wp-content/uploads/2014/03/Frost1993_op.pdf (accessed on 18 November 2023).

16. Hanberry, B.B.; Stober, J.M.; Bragg, D.C. Documenting two centuries of change in longleaf pine (Pinus palustris) forests of the
Coastal Plain Province, southeastern USA. Forests 2023, 14, 1938. [CrossRef]

17. Sargent, C.S. Report on the Forests of North America (Exclusive of Mexico); 10th US Census Report; University of California Libraries:
Washington, DC, USA, 1884; Volume 9.

18. Mohr, C.T.; Roth, F. The Timber Pines of the Southern United States; Government Printing Office: Washington, DC, USA, 1897.
19. Hanberry, B.B.; Coursey, K.; Kush, J.S. Structure and composition of historical longleaf pine ecosystems in Mississippi, USA. Hum.

Ecol. 2018, 46, 241–248. [CrossRef]
20. Landers, J.L.; van Lear, D.H.; Boyer, W.D. The longleaf pine forests of the southeast: Requiem or renaissance? J. For. 1995, 93,

39–44.
21. Peet, R. Ecological classification of longleaf pine woodlands. In The Longleaf Pine Ecosystem; Jose, S., Jokela, E.J., Miller, D.L., Eds.;

Springer: Berlin/Heidelberg, Germany, 2007; pp. 51–93. [CrossRef]
22. Noss, R.F.; Platt, W.J.; Sorrie, B.A.; Weakley, A.S.; Means, D.B.; Costanza, J.; Peet, R.K. How global biodiversity hotspots may go

unrecognized: Lessons from the North American Coastal Plain. Divers. Distrib. 2015, 21, 236–244. [CrossRef]
23. Darracq, A.K.; Boone, I.W.W.; McCleery, R.A. Burn regime matters: A review of the effects of prescribed fire on vertebrates in the

longleaf pine ecosystem. For. Ecol. Manag. 2016, 378, 214–221. [CrossRef]
24. Semenova-Nelsen, T.A.; Platt, W.J.; Patterson, T.R.; Huffman, J.; Sikes, B.A. Frequent fire reorganizes fungal communities and

slows decomposition across a heterogeneous pine savanna landscape. New Phytol. 2019, 224, 916–927. [CrossRef] [PubMed]
25. Hanberry, B.B.; Noss, R.F. Locating potential historical fire-maintained grasslands of the eastern United States based on topography

and wind speed. Ecosphere 2022, 13, e4098. [CrossRef]
26. Heyward, F. The relation of fire to stand composition of longleaf pine forests. Ecology 1939, 20, 287–304. [CrossRef]
27. Garren, K.H. Effects of fire on vegetation of the southeastern United States. Bot. Rev. 1943, 9, 617–654. [CrossRef]
28. Bailey, A.D.; Mickler, R.; Frost, C. Pre settlement fire regime and vegetation mapping in the southeastern Coastal Plain forest

ecosystems. In Proceedings of the Fire Environment—Innovations, Management, and Policy, Destin, FL, USA, 16–30 March 2007;
Butler, B.W., Cook, W., Eds.; USDA Forest: Washington, DC, USA, 2007; pp. 275–286, Service RMRS-P-46CD. Available online:
https://www.fs.usda.gov/research/treesearch/28568 (accessed on 20 November 2023).

29. Stambaugh, M.C.; Guyette, R.P.; Marschall, J.M. Longleaf pine (Pinus palustris Mill.) fire scars reveal new details of a frequent fire
regime. J. Veg. Sci. 2011, 22, 1094–1104. [CrossRef]

30. Rother, M.T.; Huffman, J.M.; Guiterman, C.H.; Robertson, K.M.; Jones, N. A history of recurrent, low-severity fire without fire
exclusion in southeastern pine savannas, USA. For. Ecol. Manag. 2020, 475, 118406. [CrossRef]

31. Fowler, C.; Konopik, E. The history of fire in the southeastern United States. Hum. Ecol. Rev. 2007, 14, 165–176.
32. Coughlan, M.R.; Nelson, D.R. Influences of Native American land use on the colonial Euro-American settlement of the South

Carolina Piedmont. PLoS ONE 2018, 13, e0195036. [CrossRef] [PubMed]
33. McNab, W.H.; Cleland, D.T.; Freeouf, J.A.; Keys, J.E., Jr.; Nowacki, G.J.; Carpenter, C.A. Descriptions of Ecological Subregions:

Sections of the Coterminous United States; Technical Report for Lockheed; USDA Forest Service General: Atlanta, GA, USA, 2007; p.
WO-76B. [CrossRef]

https://doi.org/10.5038/2162-4593.8.1.2
https://doi.org/10.1071/PC19045
https://doi.org/10.1111/j.1365-2486.2005.01011.x
https://doi.org/10.1098/rstb.2006.1987
https://doi.org/10.1016/j.foreco.2018.11.033
https://doi.org/10.1016/j.gecco.2023.e02612
https://doi.org/10.1016/0305-750X(95)00026-9
https://www.biodiversitylibrary.org/bibliography/172744
http://www.talltimbers.org/wp-content/uploads/2014/03/Frost1993_op.pdf
https://doi.org/10.3390/f14101938
https://doi.org/10.1007/s10745-018-9982-1
https://doi.org/10.1007/978-0-387-30687-2_3
https://doi.org/10.1111/ddi.12278
https://doi.org/10.1016/j.foreco.2016.07.039
https://doi.org/10.1111/nph.16096
https://www.ncbi.nlm.nih.gov/pubmed/31396966
https://doi.org/10.1002/ecs2.4098
https://doi.org/10.2307/1930747
https://doi.org/10.1007/BF02872506
https://www.fs.usda.gov/research/treesearch/28568
https://doi.org/10.1111/j.1654-1103.2011.01322.x
https://doi.org/10.1016/j.foreco.2020.118406
https://doi.org/10.1371/journal.pone.0195036
https://www.ncbi.nlm.nih.gov/pubmed/29596504
https://doi.org/10.2737/WO-GTR-76B


Forests 2024, 15, 532 17 of 18

34. Crocker, T.C. Longleaf Pine: A History of Man and a Forest; USDA Forest Service: Atlanta, GA, USA, 1987. Available online:
www.ForgottenBooks.com (accessed on 18 October 2022).

35. Hickman, N.W. Mississippi Harvest: Lumbering in the Longleaf Pine Belt, 1840–1915; University of Mississippi Press: Jackson, MS,
USA, 1962.

36. Williams, M. Americans and Their Forests: A Historical Geography; Cambridge University Press: Cambridge, UK, 1989.
37. Plummer, G.L. 18th century forests in Georgia. Bull. Ga. Acad. Sci. 1975, 33, 1–19.
38. Black, B.A.; Foster, H.T.; Abrams, M.D. Combining environmentally dependent and independent analyses of witness tree data in

east-central Alabama. Can. J. For. Res. 2002, 32, 2060–2075. [CrossRef]
39. Mattoon, W.R. Life History of Shortleaf Pine; Department of Agriculture: Washington, DC, USA, 1915.
40. Delcourt, H.P. Presettlement vegetation of the North Red River Land District, Louisiana, USA. Castanea 1976, 41, 122–139.
41. Bragg, D.C.; Bragg, H.A. Historical and contemporary environmental context for the Saline-Fifteen site (3BR119). Ark. Archeol.

2016, 55, 1–30.
42. Hanberry, B.B.; Brzuszek, R.F.; Foster, R.F.; Schauwecker, T.J. Recalling open growth forests in the Southeastern Mixed Forest

province of the United States. Ecoscience 2019, 26, 11–22. [CrossRef]
43. Schafale, M.P.; Harcombe, P.A. Presettlement vegetation of Hardin County, Texas. Am. Midl. Nat. 1983, 109, 355–366. [CrossRef]
44. Predmore, S.A.; McDaniel, J.; Kush, J.S. Presettlement forests and fire in southern Alabama. Can. J. For. Res. 2007, 37, 1723–1736.

[CrossRef]
45. Mississippi State University [MSU] Extension. Forest Soils of Mississippi; Mississippi State University: Mississippi State, MS, USA,

2023. Available online: https://Extension.msstate.edu/publications/forest-soils-mississippi (accessed on 12 November 2023).
46. PRISM Climate Group. 2021. Oregon State University. Available online: https://prism.oregonstate.edu (accessed on 22 November

2023).
47. White, C.A. A History of the Rectangular Survey System; US Department of the Interior Bureau of Land Management: Washington,

DC, USA, 1983. Available online: https://www.blm.gov//sites/blm.gov/files/histrect.pdf (accessed on 4 June 2023).
48. USDI Bureau of Land Management. General Land Office Records. 2022. Available online: https://glorecords.blm.gov/search/

default.aspx?searchTabIndex=0&searchByTypeIndex=1 (accessed on 31 May 2023).
49. Powell, D.C. Using Government Land Office Survey Notes to Characterize Historical Vegetation Conditions for the Umatilla

National Forest. 2008. Available online: http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb25413735.pdf (accessed
on 1 December 2023).

50. White, C.A. Durability of Bearing Trees. US Department of the Interior, Bureau of Land Management, Cadastral Survey Training
Staff. 2023. Available online: https://www.ntc.blm.gov/krc/uploads/538/Durability_of_Bearing_Tree.pdf (accessed on 20
October 2023).

51. Bechtold, W.A.; Patterson, P.L. The Enhanced Forest Inventory and Analysis Program—National Sampling Design and Estimation
Procedures; Technical Report for USDA Forest Service; Southern Research Station: Asheville, NC, USA, 2005. [CrossRef]

52. USDA Forest Inventory and Analysis. FIA DataMart. 2021. Available online: https://www.fia.fs.usda.gov/tools-data/ (accessed
on 18 October 2023).

53. Olson, D.M.; Dinerstein, E.; Wikramanayake, E.D.; Burgess, N.D.; Powell, G.V.; Underwood, E.C.; D’amico, J.A.; Itoua, I.; Strand,
H.E.; Morrison, J.C.; et al. Terrestrial Ecoregions of the World: A New Map of Life on Earth: A new global map of terrestrial
ecoregions provides an innovative tool for conserving biodiversity. BioScience 2001, 51, 933–938. [CrossRef]

54. The Nature Conservancy. Terrestrial Ecoregions. 2019. Available online: https://geospatial.tnc.org/datasets/b1636d640ede4d6
ca8f5e369f2dc368b/about (accessed on 24 January 2024).

55. Overpeck, J.T.; Webb, T.I.; Prentice, I.C. Quantitative interpretation of fossil pollen spectra: Dissimilarity coefficients and the
method of modern analogs. Quat. Res. 1985, 23, 87–108. [CrossRef]

56. Gavin, D.G.; Oswald, W.W.; Wahl, E.R.; Williams, J.W. A statistical approach to evaluating distance metrics and analog assignments
for pollen records. Quat. Res. 2003, 60, 356–367. [CrossRef]

57. Hanberry, B.B.; Fraver, S.; He, H.S.; Yang, J.; Dey, D.D.; Palik, B.J. Spatial pattern corrections and sample sizes for forest density
estimates of historical tree surveys. Landsc. Ecol. 2011, 26, 59–68. [CrossRef]

58. Morisita, M. A new method for the estimation of density by the spacing method applicable to non-randomly distributed
populations. Physiol. Ecol. 1957, 7, 134–144, Translation by U.S. Department of Agriculture, Division of Range Management.
Available online: http://people.hws.edu/mitchell/Morisita1957.pdf (accessed on 27 June 2021).

59. Hanberry, B.B.; Yang, J.; Kabrick, J.M.; Hong, H.H. Adjusting forest density estimates for surveyor bias in historical tree surveys.
Am. Midl. Nat. 2012, 167, 285–306. [CrossRef]

60. Hanberry, B.B.; Jones-Farrand, D.T.; Kabrick, J.M. Historical open forest ecosystems in the Missouri Ozarks: Reconstruction and
restoration targets. Ecol. Res. 2014, 32, 407–416. [CrossRef]

61. Omernik, J.M. Ecoregions of the coterminous United States. Ann. Assoc. Am. Geogr. 1987, 77, 118–125. [CrossRef]
62. Niinemets, Ü.; Valladares, F. Tolerance to shade, drought, and waterlogging of temperate northern hemisphere trees and shrubs.

Ecol. Monogr. 2006, 76, 521–547. [CrossRef]
63. Homer, C.; Dewitz, J.; Jin, S.; Xian, G.; Costello, C.; Danielson, P.; Gass, L.; Funk, M.; Wickham, J.; Stehman, S.; et al. Conterminous

United States land cover change patterns 2001–2016 from the 2016 national land cover database. ISPRS J. Photogramm. 2020, 162,
184–199. [CrossRef]

www.ForgottenBooks.com
https://doi.org/10.1139/x02-133
https://doi.org/10.1080/11956860.2018.1499282
https://doi.org/10.2307/2425416
https://doi.org/10.1139/X07-016
https://Extension.msstate.edu/publications/forest-soils-mississippi
https://prism.oregonstate.edu
https://www.blm.gov//sites/blm.gov/files/histrect.pdf
https://glorecords.blm.gov/search/default.aspx?searchTabIndex=0&searchByTypeIndex=1
https://glorecords.blm.gov/search/default.aspx?searchTabIndex=0&searchByTypeIndex=1
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb25413735.pdf
https://www.ntc.blm.gov/krc/uploads/538/Durability_of_Bearing_Tree.pdf
https://doi.org/10.2737/SRS-GTR-80
https://www.fia.fs.usda.gov/tools-data/
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://geospatial.tnc.org/datasets/b1636d640ede4d6ca8f5e369f2dc368b/about
https://geospatial.tnc.org/datasets/b1636d640ede4d6ca8f5e369f2dc368b/about
https://doi.org/10.1016/0033-5894(85)90074-2
https://doi.org/10.1016/S0033-5894(03)00088-7
https://doi.org/10.1007/s10980-010-9533-7
http://people.hws.edu/mitchell/Morisita1957.pdf
https://doi.org/10.1674/0003-0031-167.2.285
https://doi.org/10.3368/er.32.4.407
https://doi.org/10.1111/j.1467-8306.1987.tb00149.x
https://doi.org/10.1890/0012-9615(2006)076[0521:TTSDAW]2.0.CO;2
https://doi.org/10.1016/j.isprsjprs.2020.02.019


Forests 2024, 15, 532 18 of 18

64. Dey, D.C.; Kabrick, J.M.; Schweitzer, C.J. Silviculture to restore oak savannas and woodlands. J. Forest 2017, 115, 202–211.
[CrossRef]

65. Moura, L.C.; Scariot, A.O.; Schmidt, I.B.; Beatty, R.; Russell-Smith, J. The legacy of colonial fire management policies on traditional
livelihoods and ecological sustainability in savannas: Impacts, consequences, new directions. J. Enviro Manag. 2019, 232, 600–606.
[CrossRef] [PubMed]

66. Schwarz, G.F. The Longleaf Pine in Virgin Forest; John Wiley & Sons: New York, NY, USA, 1907.
67. Stoddard, H.L. Use of fire in pine forests and game lands of the deep southeast. In Proceedings of the Tall Timbers Fire Ecology

Conference, Tallahassee, FL, USA, 1 January 1962; Tall Timbers Research Station: Tallahassee, FL, USA, 1962; Volume 1, pp. 32–42.
68. Keeley, J.E. Ecology and evolution of pine life histories. Ann. For. Sci. 2012, 69, 445–453. [CrossRef]
69. Schwartz, M.W. Natural distribution and abundance of forest species and communities in northern Florida. Ecology 1994, 75,

687–705. [CrossRef]
70. Fern, R.R.; Stober, J.M.; Morris, M.A.; Rutledge, B.T. Native American landscape modification in pre-settlement south-west

Georgia. Landsc. Hist. 2020, 41, 57–68. [CrossRef]
71. Monette, R.; Ware, S. Early forest succession in the Virginia Coastal Plain. Bull. Torrey Bot. Club 1983, 110, 80–86. [CrossRef]
72. Bartram, W. Travels of William Bartram; Cosmo Classics: New York, NY, USA, 2007.
73. Longleaf Alliance. 2024. Life Stages. Available online: https://longleafalliance.org/what-is-longleaf/the-tree/life-stages/#:~:

text=Longleaf%20pine%20is%20the%20longest,of%20450%20years%20old%20documented (accessed on 14 January 2024).
74. Hiers, J.; Walters, R.; Mitchell, R.; Varner, M.; Conner, L.; Blanc, L.A.; Stowe, J.P. Ecological value of retaining pyrophytic oaks in

longleaf pine ecosystems. J. Wildl. Manag. 2014, 78, 383–393. Available online: https://www.jstor.org/stable/43188158 (accessed
on 17 November 2023). [CrossRef]

75. Varner, J.M.; Kane, J.M.; Hiers, J.K.; Kreye, J.K.; Veldman, J.W. Suites of fire-adapted traits of oaks in the southeastern USA:
Multiple strategies for persistence. Fire Ecol. 2016, 12, 48–64. [CrossRef]

76. Babl, E.; Alexander, H.D.; Siegert, C.M.; Willis, J.L. Could canopy, bark, and leaf litter traits of encroaching non-oak species
influence future flammability of upland oak forests? For. Ecol. Manag. 2020, 458, 117731. [CrossRef]

77. Smith, H.C. Carya tomentosa (Poir.) Nutt. mockernut hickory. In Silvics of North America; Burns, R.M., Honkala, B.H., Eds.; USDA-
Forest Service: Washington, DC, USA, 1990; pp. 226–232. Available online: https://www.fs.usda.gov/research/treesearch/1548
(accessed on 1 December 2023).

78. Smalley, G.W. Carya glabra (Mill.) Sweet pignut hickory. In Silvics of North America; Burns, R.M., Honkala, B.H., Eds.; USDA-Forest
Service: Washington, DC, USA, 1990; pp. 198–203.

79. Smith, W.B.; Shifley, S.R. Diameter, Growth, Survival and Volume Estimates for Trees in Indiana and Illinois; USDA Forest Service,
North Central Forest Experiment Station: St. Paul, MN, USA, 1984.

80. Kormanik, P.P.; Brown, C.L. Root buds and the development of root suckers in sweet gum. For. Sci. 1967, 13, 338–345.
81. Engle, L.G. Yellow-Poplar Seedfall Pattern; Station Note No. 143; U.S. Department of Agriculture, Forest Service, Central States

Forest Experiment Station: Columbus, OH, USA, 1960.
82. Clark, F.B.; Boyce, G.C. Yellow-poplar seed remains viable in the forest litter. J. For. 1964, 62, 564. [CrossRef]
83. Auclair, A.N. Sprouting response in Prunus serotina Ehrh: Multivariate analysis of site, forest structure and growth rate relation-

ships. Am. Midl. Nat. 1975, 94, 72–87. [CrossRef]
84. Allard, H.A. Second-year sprouts of black cherry, Prunus serotina, fruiting. Castanea 1944, 9, 117. Available online: https:

//www.jstore.org/4031423 (accessed on 1 December 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5849/jof.15-152
https://doi.org/10.1016/j.jenvman.2018.11.057
https://www.ncbi.nlm.nih.gov/pubmed/30522066
https://doi.org/10.1007/s13595-012-0201-8
https://doi.org/10.2307/1941727
https://doi.org/10.1080/01433768.2020.1753983
https://doi.org/10.2307/2996522
https://longleafalliance.org/what-is-longleaf/the-tree/life-stages/#:~:text=Longleaf%20pine%20is%20the%20longest,of%20450%20years%20old%20documented
https://longleafalliance.org/what-is-longleaf/the-tree/life-stages/#:~:text=Longleaf%20pine%20is%20the%20longest,of%20450%20years%20old%20documented
https://www.jstor.org/stable/43188158
https://doi.org/10.1002/jwmg.676
https://doi.org/10.4996/fireecology.1202048
https://doi.org/10.1016/j.foreco.2019.117731
https://www.fs.usda.gov/research/treesearch/1548
https://doi.org/10.1093/jof/62.8.564
https://doi.org/10.2307/2424539
https://www.jstore.org/4031423
https://www.jstore.org/4031423

	Introduction 
	Methods 
	Study Area 
	Surveys, Tree Composition, Historical Boundary, and the Squared Chord Distance 
	Historical Density 

	Results 
	Identification of the Historical Boundary between Pine and Oak-Pine Open Forests 
	Historical and Current Forests in the Central and Southern Coastal Plains 
	Historical and Current Forests in the Ecotonal Northern Coastal Plain 
	Comparison between Historical and Contemporary Forests with the Squared Chord Distance 

	Discussion 
	Longleaf Pine Open Forests in the Coastal Plain 
	Oak-Pine Ecotonal Forests in the Northern Coastal Plain 
	Comparisons among Forests through Boundaries and the Squared Chord Distance 

	Conclusions 
	References

