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Abstract—The purpose of this paper is to provide quantitative fire history information
from a historically unique region, the oak barrens of the Interior Low Plateau Ecoregion. We
sampled 27 post oak {Quercus stellate Wangenh.} trees from the Boone Creek watershed in
southermn Indiana. The period of tree-ring record ranged in calendar years from 1654 to 1999
and fire scar dates (n = 84) ranged from 1656 to 1992, The mean fire interval for the period
1656 to 1992 was 8.4 v and individual fire intervals ranged from 1 to 129 y. The average
percentage of trees scarred at the site was 19% or about 1 in 5 trees sampled. No significant
relationship was identified between fire years and drought conditions however, variability in
the fire record coincided with Native American migrations and Euro-American settlement
periods. Temporal variability in the fire record illustrates not only the dynamic nature of
anthropogenic fire regimes but also the importance of humans in culturing presettlement
barrens commumities.

INTRODUCTION

During the period of Euro-American settlement of the United States the term “barrens”
was used by land surveyors and others to describe areas of land that had no or sparse tree
cover {Bourne, 1820; Englemann, 1863; Sauer, 1927; Braun, 1950). The term was used
loosely for a variety of forest types (e.g, Pine Barrens of New Jersey and northern Lake
States, oak barrens of the Midwest} that occurred on a wide range of soils, geology and with
variable climate (Tyndall, 1994). Early land descriptions distinguished barrens vegetation
from prairies and forests, Botanical manuals and land classification descriptions list barrens
as a habitat type that is dominated by drought tolerant plants (Lounsberry, 1900; Gray, 1908;
Homoya, 1994), and many of the species that inhabit barrens are representative of the
substrate type (ie., chert, limestone, sandstone, siltstone, gravel, clay and sand) (Bacone
et al., 1982; Homovya, 1994).

Oak harrens were common throughout the Eastern United States (Bartgis, 1993; Heikens
and Robertson, 1994; Heikens of al, 1994; Homoya, 1994), particularly in the Interior Low
Plateau Ecoregion (Bailey, 1995). The “Big Barrens” region, estimated to cover 13,000 to
15,500 kim? (Mclnteer, 1944) and located primarily on the Mississippian limestone karst
plain of Kentucky and Tennessee (Baskin ¢t al, 1994; DeSelm, 1994}, was one of the largest
barrens at the time of European settlement. In Indiana, presettlement barren acreage was
estimated to be approximately 514,000 ha (Homoya et of,, 1985). However, the aerial extent
of barrens has decreased dramatically since European settlement because of: (1) conversion
to agriculture, (2) urban development (Hutchison, 1994) and (3) reduction in the

“widespread use of fire (Robertson and Heikens, 1994). In addition, the replacement of the
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term barrens with terms such as glade, savanne and woedland (Baskin et al, 1994; Heikens and
Robertson, 1994) has caused problems in assessing the aerial extent of past and present
barrens.

Olson (1996) emphasized the importance of fire in maintaining the openness of forests in
the Central Hardwood region of the United States based on a synthesis of General Land
Office (GLO) surveyor notes, early travelers” descriptions of the vegetation composition and
characteristics and accounts of Native American burning practices. Many authors have also
concluded that burning was an important factor in creating and maintaining barrens in the
Eastern United States (Sauer, 1927: Gleason, 1939; Mclnteer, 1944; Cottam, 1949; Bielmann
and Brenner, 1951; Schroeder, 198]; Anderson and Brown, 1983; Bacone and Post, 1987;
Anderson and Schwegman, 1991; Tyndall, 1992, 1994; McClain et al., 1993}, Itis likely that
anthropogenic ignitions were the primary source of fire in the barrens region because of the
extremely low frequency of lightning caused fires {Schroeder and Buck, 1970) due largely to
heavy rains that accompany storms in this region.

The purpose of this study is to quantify the fire history of an oak barren site in the Interior
L.ow Plateau ecoregion (Fig. 1) and relate the variability in fire frequency to historic periods
of drought and changes in anthropogenic ignitions. Knowledge of the fire history of barrens
is important for understanding the importance of fire in creating and maintaining barrens
communities. Furthermore, understanding the historic fire regime provides an ecological
basis for using prescribed fire to mimic historic fire regimes and restore barrens, This study
contributes to our understanding of the historical role of fire in the Eastern United States—
a region where knowledge of the spatial and temporal dynamics of fire is limited.

MATFERIALS AND METHODS

The study site is located in the Boone Creek watershed on the Tell City Ranger District of
the Hoosier National Forest (Fig. 1}. The Boone Creek watershed is approximately 2 km
north of the Ohio River in Perry County, Indiana (38°08’N, 86°28'W). The site is underlain
by limestone and characterized by rolling topography with slopes and elevation ranging
from 0 to 19° and 168 to 243 m, respectively. Barrens occupy about 6% of the area with
barren canopy closure ranging from 0-75%. Currently, the Boone Creek area is largely
forested with canopy closure of about 90-95% (USDA, 1992). Oaks and hickories are the
most important species in the overstory tree layer, are widely spaced and rarely exceed 15 m
in height. Grasses, forbs and small trees dominate the surface and understory vegetation.
Comparisons of old (1930s-1940s) with new aerial photographs of the Boone Creek area
reveal increases in canopy closure and woody vegetation in previous barren openings; both
attributed to fire suppression. Additionally, fire intolerant tree species such as sugar maple
(Acer saccaharwm Marsh.) and American beech (Fagus grandifolic Ehrh.) have recently
increased in importance in the understory vegetation layer. Several prescribed fires were
conducted in the vicinity of the study site during the 19905 including two landscape levet
burns (approximately 930 ha) and two smaller burns of barren openings (Steven Olson,
pers. commu).

Field sampling.—During October of 1999 wedges from 27 post oak (Quercus- stellatd
Wangenh.) trees and snags were collected for the purpose of reconstructing the fire history
of the site. Wedges were taken éxclusively from a 75 ha area in the Boone Creek watershed.

. Wedges, 2.5 to 5.0 cm thick, were cut from the tree bole within 25 cm of ground level and™
from the side of the tree that showed external fire scar evidence. We sampled post oaks
because the species is long-lived, highly resistant to heart rot, and distributed throughout
the study area. Sample trees were selected based on the presence of fire scars, their age and
landscape position. The majority of trees were sampled on open southern aspects (barrens)
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Fig. 1.—Study site is in Pel‘;;y County on the southern border of Indiana and within the Interior
Lowland Plateau. The Boone Creek Barvens area is currently managed by the U.S.D.A. Forest Service,
Hooster National Forest

high on the landscape (i.e., shoulder and upper slope positions), however sample aspect
ranged from 70-320° with some representation from lower slope positions. We sampled
both young and old trees in order to minimize possible age related scarring biases (due to
the effect of tree mass and bark thickness) on the homogeneity of our fire event chronology.
Aspect and slope of tree locations were marked on wedges in the field and then transferred
to a database. All samples collected were used in creating the fire chronology.

Tree-ring and fire scar dating—Annual growth increments and fire scars were dated using
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dendrochronology, a method that uses Lree-ring variation caused by climate to date annual
growth (Stokes and Smiley, 1968; Guyette and Cutter, 1991). Samples were prepared by
sanding their surface to a high polish (eg, 600 grit sandpaper). Annual rings were
measured to an accuracy of (.01 mm using a moving stage with an electronic transducer and
binocular microscope.

Tree-ring measurements were imported into COFECHA (Holmes ef al., 1986), a program
that checks the accuracy of dating and aids in quality control of measurements. Fire scars were
then identified following criteria by Smith and Sutherland (1999) and assigned to the calendar
year of the first year of growth response to the fire injury (e.g., callus tissue, cambial death). We
determined the diameter of the tree when scarred by measuring the mean radial distance from
the scar to pith and muldplying by two. Using FHX2 software (Grissino-Mayer, 1996), we
developed the fire chronelogy and analyzed fire scar years, We computed a mean fire interval
and descriptive statistics for both the composite and individual tree mean fire intervals,
constructed a composite graph of fire scarring years and tested the actual data frequency
distribution using a Kolmogorov-Smirnov goodness-offit test and Weibull distribution.
Individual tree mean fire intervals were grouped into cultural periods (eg. (1) Native
American (pre 1780), (2) Native American and European transition (1780 to 1850), (3)
European grazing (1851 to 1930}, (4) fire suppression (post 1930} /prescribed fire (1980 to
1999). When intervals spanned multiple cultural periods they were assigned to the period in
which the most years of the mean fire interval record represented. The fire intervals and
statistical information in this study are based on all fire scars within the 75 ha study area and,
therefore, the mean fire interval is defined as the occurrence of fire somewhere in the study
site,

Since some fire injuries are not readily distinguishable from injuries caused by other
factors {e.g, logging) we used characteristics common to lire scars {e.g., size, shape,
orientation, location on tree bole, presence of charcoal, synchrony of scarring among trees
and related ring-width response)} and fire scar characteristics from known prescribed fires
that occurred at the study site during the 1990s to ensure the accurate identification of
historic fire scar years. Comparisons and similarities between fire scar characteristics of the
prescribed burn and fire scar characteristics before the prescribed burn helped to ensure all
scars in our sample were fire-related injuries. In addition, fire scar characteristics were
compared to those studied and documented from post caks in other regions {Guyette and
Cutter, 1991; Cutter and Guyette, 1994). Low merchantability and value of barrens trees due
to species, bole form, defects and soundness likely inhibited logging therefore, the chance
of tree scarring by logging operations is probably low. The lack of stumps and the old age of
many of the trees at the study site suggest that logging has been infrequent and has not
occurred recently.

Fire scarring biases.—Fach tree has a unique fire scarring potential that is based on tree and
site characteristics such as species, tree size, bark thickness, previous fire injury, fuel near the
bole, thermal xylem characteristics and landscape position (Cutter and Guyette, 1994;
Guyette and Cutter, 1991). We sampled young and old post oaks to minimize scarring biases
due to tree size and age. Post oak is one of the most fire resistant deciduous tree species in
the Midwest, thus making determinations of the historic fire frequency difficult because of
the relatively low probability that surface fires have scarred an individual tree. For example,
in a study of external scarring from surface fires in the Ozark region of Missouri, Paulsell
{1957} found that 10% of post oaks were scarred. in annual burns while periodic burns
scarred 23%. :

Fire and drought event analysis,—Palmer Drought Severity Index (PDSI} reconstructions
were used:to analyze the potential relationship between fire years and historic drought



2003 GUYETTE ET AL.: BARREN-FOREST MOSAIC 25

conditions (Cook et al,, 1999). The four nearest PDSI grid points in each of the cardinal
directions from the study site were averaged to calculate a mean regional PDSI for the study
site. We used PDSI reconstructions from tree-ring records spanning the period of years 1693
to 2000. Ttests were used to determine differences between the mean PDSI for periods in
the fire history that were absent of fire and those with frequent fire. Fire years before 1693
were not included in the analysis due to the absence of PDSI reconstruction data.

RESULTS

Compusite five chronology.—The 336-y treering record spanned the period of 1654 to 1999
and firesscar dates ranged in calendar years from 1656 to 1992 (Fig. 2). Eighty-four fire scars
from 27 trees were dated vielding 40 fire intervals (41 fire years). The composite fire
chronology was characterized by high variability in fire frequency with a century of no fire
and a decade of near annual burning (1896 to 1908, Fig. 2). The mean fire interval for the
period 1656 to 1992 was 8.4 y and fire intervals ranged from 1 to 129 y. The mean fire
interval for the early half of the fire chronology (1650 to 1820} was 23.0 y with a range in fire
intervals from 4 to 129 y. In conturast, fires were more frequent and occurred more regularly
in the latter half of the fire chronology (1821 to 1999) where the mean fire interval was 5.3 y
and fire intervals ranged from 1 w0 40 y. The greatest number of fires scars per year of tree
growth occurred from 1650 to 1680; however, our sample size is small in the early period. No
fire scars were recorded after this period until the early 1800s.

Years of relatively large fires, calculated as the percentage of trees scarred, were 1821,
1898, 1924 and 1992. With the exception of the 1650 to 1680 period (low sample size, Fig. 3),
the highest percentage of sample trees scarred in any fire year was 28% (1898). The
average percentage of sampled trees scarred at the site during all fire years was 19.2% or
about 1 in 5 post oak trees. We examined the relationship between the number of fire
years per decade and the number of sample trees to address the hypothesis that number
of fire years is not a function of the number of sample trees and found that the number
of sample trees may explain 20% of the variability in fire years per decade. However, this
relationship was not statistically significant, likely because of auto correlation in the time
series of fire years per decade.

Individual tree five history.—Fifty-seven individual tree fire intervals resulted from the 27
sample trees {Fig. 4). The mean and mode intervals were 37 and 6 y respectively. Individual
tree fire intervals ranged from 1 to 222 y and were positively skewed (skewness = 2.87). A
Weibull distribution adequately fit the fire interval data and yielded a median interval of
20,28 y (Fig. 4). Weibull 95% and 5% exceedance probabilities were 0.8 and 129.5 y and
intervals <<2.5 and >81.4 y were significantly short and long intervals respectively.

Fire scarring.-—A histogram of tree basal diameter at the time of fire scarring resulted in
a trend of decreasing scarring frequency with increasing tree diameter (Fig. 5). The majority
of trees scarred were <15 cm in diameter and ranged from 1.0 to 30.0 cm with a mean of
11.0 cm {sD = 7.1). On average, post oaks >15 cm showed a lower fire scar frequency than
those trees < 15 cm. The average number of years from the initial scar to the second scarring
event was 42.1 y and ranged from 5 to 180 y.

Drought and fire.~PDSI values were similar for all time periods and categories compared
(Table 1). There was no significant difference in PDSI during a 108~y period of no fire (1693
to 1801) and the period of highest fire frequency (1888 to 1929}. Few fires occurred during
years that were drier than years of recent history (4., 1 to 3y before fire year), particularly in
fire years before 1850 (Fig. 6). PDSI values were not statistically different between years of
no fire and fire years post-1850. No correlations between lag effects (e.g., 1, #2, -3} of PDSI
and fire years (Kaye and Swetnam, 1999) were significant.
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Fic. 2.—A plot of tree samples, their dated fire scars, and a composite fire chronotogy. The yaxis is
calendar years and bold vertical bars represent fire scars. Horizontal lines represent the period of record
for each sample tree. Pith dates are represented by short thin vertical lines at the left end of the saraples
while inside ring dates are represented by diagonal lines. A composite fire scar chronology with ali fire
years is given at the bottom of the plot

DISCUSSION

Interpretation of the fire scar vecord.—Woody plant encroachment and succession of barrens
to closed-canopy forests was reported as early as the mid-1800s (Chester, 1988). In the
absence of fire, succession from barrens to closed canopy forests can occur rapidly (e.g, 40—
60 y) (Grimm, 1983, USDA, 1992}, Assuming a transition from a barren/open dry upland
forest {e.z., historic conditions of the site} to closed canopy forest vegetation (e.g., current
conditions of the site} could occur from 50 y of fire suppression, potential for woody
encroachment at the Boone Creek study site was high during the 18th Century; a century
comprised of a larger 128« fire free interval (1674 to 1801). Although occurring during
a time of low sample size (3 to 9 trees), the 128y fire free interval is likely an accurate
representation of the fire regime. Both small trees and previously scarred post oaks (both
likely sensitive to scarring) occurred in this portion of the fire chronology. A second period
of succession to forest occurred from 1930 to 1982 (USDA, 1992), a period. of low
occurrence of fire that allowed fire intolerant woody plants to colonize the site.

There is little evidence that historic fire events corresponded to. droughts. “This is
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Fic.. 8.—A chronology of the influence of fire at the study site. The influence of fire {y axis) is the
number of fire scars per decade divided by the number of years of record within a decade on alt sample
trees. Bars may indicate that either many trees scarred in different years or many trees scarred ina single
fire year. Pyro-cultural periods (see text) are identified and represent possible changes in human-fire
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evidenced by few fire years directly corresponding to drought conditions and significant
changes in the fire regime being unrelated to PDSI variability. There is some evidence that
fires before 1850 were more strongly correlated with drought conditions, however, this was
not statistically significant. Inhabitants of the region may have taken advantage of drought
conditions when burning. Regional inhabitants likely used drier than average conditions to
modify the landscape with fire as burning during a drought would require less effort in
spreading the fire (e.g., number of ignitions) and would likely be more effective n killing
woody plants than burning during wetter conditions. As human population and the
importance of anthropegenic ignitions decrease it is likely that the correlation between fire
and drought would increase.

The lack of evidence supporting a relationship between fire and drought and the
presence of a temporal sequence of variability in the fire history suggest that ignitions were
largely anthropogenic. The fire history spans five pyro-cultural periods: (1) Native American
(pre-1780), (2) Native American and European transition (1780 to 1850), (3) European
grazing (1851 to 1930), (4) fire suppression (1931 to 1999) and (5) prescribed fire (1980 to
1999) (Fig. 3). As has been documented elsewhere (Guyette and Dey, 1995, 1997, 2000;
Guyette e al,, 2002), the sequence and abrupt changes in the frequency of fire at the study
site suggest that a strong relationship exists between fire frequency and human population
density, settlement and migration.

The temporal variability in fire frequency can be explained by the movement of human
populations near the Boone Creek watershed. The long and unusual fire interval in the
1700s (1668 to 1801) at this site may be the result of Native Americans in the Ohio River
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Valley migrating inte Arkansas and Missowri, Several authors (Hudson, 1995; Obrien and
Wood, 1998; Vehik, 1993) point to archeological, linguistic and historic evidence suggesting
that the Quapaw and Osage, who lived in Missouri and Arkansas from about 1700 to 1830,
had lived in the Ohio River Valley before European arrival. Their migration out of the Ohio
River Valley in the Jatter half of the 1600s may have been a retreat from Iroquois invaders,
who had recently acquired European firearms (Baird, 1980). Waldman (1985) reported the
Ohio River Valley having the lowest Native American population density in Eastern North
America at the tirne of contact. Nevertheless, considerable archaeological evidence of Native
American occupation in the Ohio River Valley and Indiana exists for many periods before
contact with Europeans (Kellar, 1973) thus humans cannot be discounted as a potential
ignition source during early portions of the fire record.

The return of frequent fire in the early 1800s (1802 to 1848) was likely due to humans.
Native Americans ceded parts of Southern Indiana to the United States in the treaties of
1803 and 1804 (Kellar, 1958). Westward migrating tribes, such as the Shawnee and Delaware,
moved through southern Indiana (Anson, 1970; Clark, 1993). In the early 19th Century,
Europeans settled along the Ohio River in Southern Indiana and population density and
fire ignitions began to increase even in topographically rough areas such as the study site
{Figs. 1, 2) (Guyette and Dey, 2000; Guyette of al, 2002). Between 1840 and 1930 Indiana
population increased from 476,183 to 3,238,503, a more than six-fold increase (Stats
Indiana, 2001). Population density reached a maximum of about 18 people/ km? circa 1900
in Indiana. An abrupt increase in the frequency of fire at the study site occurred between
1888 and 1930 compared to the previous 50 y (Fig. 2}. Increases in human population in
Indiana between 1820 and 1930 are correlated with-increases in fire years per decade (r =
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0.63) and the number of fire scars per decade (r = 0.70), however these correlations are not
statistically significant because of the short sample length and autocorrelation within the
decadal human population data. Landscape level burning in the late 1800s and early 1900s
was followed by fire suppression beginning in the mid-1900s.

During the most recent part of the fire event chronology the dates of fire scars are
associated with the dates of prescribed fires. Fire scar dates of 1990 and 1992 are associated
with prescribed burns conducted in April of 1990 and 1992 by the Hoosier National Forest.
Prescribed fires also occurred in 1991 and 1994 in the vicinity of the study site but did not
scar the 27 study wrees. We do not know if the prescribed fires of 1991 and 1994 actually
burned in the study area. The 1992 fire was the first large (152 ha} prescribed burn
conducted in the Boone Creek watershed and it scarred 26% of the trees in our sample.
Despite our targeting of sample trees, the percentage of trees scarred at the study site in
1992 (26%) is similar to that documented for post oak trees (23%) scarred after prescribed
fire in the Ozark region of Missouri (Paulsell, 1957). The average percentage of trees
scarred at the Boone Creek study site during all fire years was 19.2% or about 1 in 5 post vak
trees. This statistic may overestimate the percentage of trees scarred in a fire because we
targeted trees that had external evidence of scarring. However, many trees that were scarred
were not sampled because of extensive rot and many fire scarred trees may have died when
young and thus were not accounted for in the sample population.

Topographic influences on the fire regime.—Several pyro-topographic features may be relevant
to the fire history of this site. Although the site is located approximately 2 km northwest of
the Ohio River (Fig. 1}, the spread of anthropogenic fire from this major travel corridor to
the study site would have been inhibited due to several conditions. No terraces or other
potential agricultural sites are located on the side of the river adjacent to the study site,
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Tasie 1.—PDSI values for contrasting periods of the fire record showing the similarity in drought
conditions. There is no significant difference between the period 1693-1801 and 1888-1923 (T, =
1.67)

Period Mean fire ineerval (y) Mean regionat PDSI t Stat (df = 54)
1693-1801 no fires -0.215
—1.22
18881929 2.1 0.0%4
All nonfire years — —0.185
All fire years (n = 87) — -(.182

thereby decreasing the potential for human occupation and agricultural activity as a source
of anthropogenic ignitions. Secondly, if a fire were to initiate near the viver, the steep step
and bluff topography along the river would have inhibited the northward spread of fire
because fire does not travel well over steep bluff terrain (Anderson, 1991; Batek of al,, 1999).
Finally, if a fire were to reach the river’s bluff top, it would need to spread down slope to
enter the study site, thus further minimizing its potential to spread and scar trees. The
highly dissected topography of the surrounding landscape also likely inhibited the spread of
fires into the study site, particutarly from the north, west and south. Isolation of the site
from fire spreading from other areas makes the fire history all that more responsive to
changes in local human populations and land uses.

Fire was undoubtedly an important disturbance agent in the maintenance of the Boone
Creek barrens site. Fire scars from the period of 1656 to 1999 resulted in a mean fire interval
of 8.4 y and we attribute the variability in fire intervals (1 to 129 y) within this period to
changes in human populations. Today, many extant barrens {e.g., Boone Creek barrens) are
small isolated remnants on xeric sites with rocky, shallow or infertile soils (Bacone et al,
1982; McInteer, 1944). These remnant barrens remnants were probably core areas in what
were much larger barrens complexes. Core barrens areas are important in barren
restoration because they have relic populations of barren dependent species and they can
be used to target areas on the landscape for barrens restoration.

Barrens restoration.—Prescribed burning can be an effective "technique for barren
restoration (Anderson and Brown, 1983; Bacone and Post, 1987; Wade and Menges,
1987; Stritch, 1990). Where available, land managers should use local fire histories as an
ecological basis for developing their fire management plans and prescriptions, Fire
managers should recognize that results of mean fire intervals from composite fire
chronologies were produced by stochastic presettiement fire events and prescribed burns
may not produce similar fire scarring and other fire effects. Prescribed burning practices
that mimic presettlement fires might include landscape-scale fires started from peint
ignitions, fires that only burn portions of the landscape, low to moderate intensity fires (i.e.,
<25% trees scarred during a fire event) and variability in burning intervals. Prescribed
burninig practicés such as repeated ignitions to-ensure an area is burned homogeneously
and static fire intervals are not congruent with the presettlement fire reglme we observed in
the Boone Creek watershed. :

"This empirical evidence supports fire as a key disturbance to maintain barren’
communities and it provides managers with information for understanding the nature of
presettlement fire regimes, how dynamic fire regimes can be and how humans have
meodified the landscape with five centuries of burning. Historic fire frequencies vary greatly
between areas due to-three and one half factors such as fuel, vegetation, weather and
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climate, topographic roughness and pyro<cultural influence. Therefore, fire histories are
typically applicable only to the area surrounding the study site. Additional fire histories are
needed from other historic barrens before variability in fire regimes in barrens communities
throughout southern Indiana and the larger Interior Low Plateau can be fully characierized.
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