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ABSTRACT 

 

Mesophication across the southeastern United States has raised curiosity regarding the 

frequency and spatial distribution of fire and the extent of fire-dependent vegetation before 

European settlement. This study examines the relationship between fire-tolerant tree species and 

Native American archaeological sites to look at the human impact on vegetation. Specifically, 

this study uses original land surveys from the southern Blue Ridge Mountains of Rabun County, 

Georgia to explore forest composition at the beginning of European settlement in 1820. GIS and 

statistical analyses were used to examine the relationship between distance and density of 

archaeological sites and fire-tolerant taxa. Fire-tolerant trees accounted for the majority of trees 

in Rabun County and resulted in a homogenous landscape. The overwhelming fire-tolerant 

majority did not show that fire was frequent and widespread in this portion of the southern Blue 

Ridge Mountains. This study analyzed separately the witness tree points marked as posts and 

stakes, which may indicate areas of land that lacked trees. No relationship was found between 

these non-tree sites and Native American settlements, however they could also be indicators of 

fuel provided for frequent fire. From these findings, it can be concluded that fire was widespread 

across the landscape. 
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INTRODUCTION 

The topic of fire frequency and its implications for vegetation composition is an 

important problem that is investigated at varying temporal scales. Researchers reconstruct fire 

and vegetation history over different periods of time through studies using sediment pollen and 

charcoal (Delcourt et al. 1998 and Delcourt & Delcourt 1998) and dendrochronological data 

(Bratton & Meier 1998, LaForest 2012, Flatley et al. 2013). While these studies are useful for the 

timeline, the paleoecological data lack detailed information about vegetation composition and the 

spatial extent of particular species.  A particular time period of interest in North America is the 

period immediately preceding European settlement. This period is relevant for conservation 

practices to restore a vegetation to the composition before European impacts such as mining, 

logging, agriculture, and settlement (Lorimer 2001). Especially in the southeastern United States, 

fire was a significant, natural disturbance that influenced vegetation distribution on presettlement 

landscapes (Abrams 1992 and Vale 2002).  

Also of interest is the influence of anthropogenic fires on the landscape before European 

settlement (Clark and Royall 1995, Cowell 1995, Delcourt & Delcourt 1998, Thomas Van-

Gundy & Nowacki 2013). Knowing the impact of anthropogenic fires helps conservationists 

develop plans for land management and ecological restoration (Lorimer 2001). In the 

southeastern United States, frequent fire is believed to have played a key role in the development 

of the vegetation (Nowacki & Abrams 2008). Over time, as fire was suppressed in the early 

1900s, more mesophytic species began to out-compete the pyrophytic species in the process of 

mesophication (Nowacki & Abrams 2008).  

A common practice for studying the fire ecology of a landscape is the use of historical 

land surveys (Bourdo 1956, Sears 1925). Land surveys have been used to study the general 
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landscape vegetation composition. By using these surveys coupled with Native American 

archaeological site data, researchers are learning more about the relationship between 

anthropogenic fire and the vegetation composition of the landscape before European settlement. 

Such studies have been focused on the northeastern United States (Black et al. 2006 and 

Tulowiecki & Larsen 2015) with linear relationships that show more fire-tolerant species in areas 

near Native American settlements. With vegetation composition and use of Native American 

practices of fire varying from location to location, researchers work to piece together the 

historical documents in a continuation of understanding the landscape before European 

settlement. Few studies have yet to be performed in the Appalachian Mountain region in the 

Southeast. Past studies in the Appalachian region involve areas surveyed under the metes and 

bound surveying system with irregularly-placed trees  Additionally, past surveys examining the 

relationships between Native American data and witness tree data have taken place in the 

Northeast. This paper seeks to understand that same relationship in the unexplored southern 

Appalachian Mountains of northern Georgia, where a uniform land lot survey was used instead 

of metes and bounds. This regular survey grid should provide a more representative sample than 

the metes-and-bounds system. 

The objectives of this study are to 1) explore whether oak (Quercus), chestnut 

(Castanea), hickory (Carya), pine (Pinus), and other fire-adapted trees were the dominant tree 

taxa on the pre-European landscape of Rabun County, Georgia; and 2) investigate the association 

of these taxa with Native American archaeological sites and terrain. For understanding the 

vegetation composition, the frequency of each species in the surveys was measured. To 

understand the relationship between the tree species and archaeological sites/terrain, several 

spatial and statistical methods were used, including buffers and zonal statistics, comparing the 



3 

density of the archaeological sites to a created pyrophytic percent raster, measuring the amount 

of hickory around the sites, and using zonal statistics in a grid system to compare variables. Past 

studies have conducted historical surveys by counting the species of the witness trees on the land 

surveys (Abrams 1986, Cowell 1995, Delcourt & Delcourt 1974). In the Rabun County dataset, 

many corners were marked with points that could be interpreted as monuments that were used to 

mark areas without a nearby tree – a monument that was commonly cited in surveyor instructions 

(Cadle 1991). However, these studies are limited in that they only count the number of witness 

trees without further research to how these trees relate to the landscape. 

           This thesis asks the questions of “what was the forest composition before European 

settlement and what was the anthropogenic impact via fire on that composition?” The research 

questions associated with this research are explained in greater detail, by objective, below.  

Objective One Research Questions 

Forest Composition from Surveys 

Objective one was addressed in three ways: record the sum of tree points for each species 

listed, compare the numbers of the white oak versus the red oak subgenus, and record the number 

of trees depending on their fire association. For this objective I tested the following hypotheses:  

Tree Species Composition 

H01: The number of tree species will be evenly distributed within Rabun County, 

Georgia in 1820 (i.e., no single tree species will be more prevalent than others). 

HA1: There will be a majority of oak (Quercus), hickory (Carya), chestnut (Castanea), 

and pine (Pinus) species in Rabun County, Georgia in 1820. These species thrive under 
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frequent fire, and therefore the prevalence of these taxa would suggest that fire was 

common and widespread. 

Oak Subgenus 

H02: There will be no difference in number between the white oak and red oak subgenus 

in Rabun County, Georgia in 1820. 

HA2: There will be a majority of the white oak subgenus in Rabun County, Georgia in 

1820. White oak (Quercus alba) has been found to be more numerous than red oak in 

land survey studies (Abrams 2003). 

Fire-Adapted Tree Species 

H03: The number of pyrophytic and mesophytic tree species will be evenly distributed 

within Rabun County, Georgia in 1820 (i.e., the number of pyrophytic versus mesophytic 

trees will be more or less equal). 

HA3: There will be more pyrophytic trees, or trees with fire-adapted traits. in Rabun 

County, Georgia in 1820. 

Objective Two Research Questions 

Relationship between Native American Sites and Pyrophytic Trees 

Objective two was addressed using GIS analyses in four ways: creating buffers to 

measure the pyrophytic percentage around Native American sites, creating buffers to measure 

hickory percentage around Native American sites, comparing Native American site density to a 

pyrophytic percent raster, and measuring variables using a grid across the study area. For this 

objective I test the following hypotheses:  
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Pyrophytic Percentage at Varying Distances from Sites 

H01: There will be no relationship in pyrophytic percentage around the Native American 

archaeological sites.  

HA1: The percentage of pyrophytic tree species declines with distance from Native

 American archaeological sites. 

                Hickory Percentage at Varying Distances from Sites 

H02: There will be no relationship in hickory tree percentage around the Native American 

archaeological sites. 

HA2: The percentage of hickory declines with distance from Native American 

archaeological sites. 

Site Density in Comparison with Fire-adapted Trees 

H03: There will be no relationship in Native American site density when compared to a 

pyrophytic percent raster. 

HA3: The percentage of pyrophytic tree species increases with increasing Native 

American site density. 

          Site Density, Fire-adapted Trees, Terrain 

H04: There will be no relationship between the variables with each grid cell. 

HA4: The percentage of pyrophytic tree species increases with increasing elevation where 

xeric ridgetops are located (Taylor & Skinner 1998). The percentage of pyrophytic tree 

species increases with increasing Native American site density. 
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LITERATURE REVIEW 

Fire-Oak Hypothesis 

Fire as a disturbance has played a key role in selecting which plants occupy the landscape 

(Abrams 1992). The fire-oak hypothesis is the idea that oak (Quercus) was a dominant species 

before European settlement, and as a species that is not considered a late-successional species, 

maintained dominance through fire as a frequent disturbance (Abrams 1992). In the southeastern 

United States, one tree genus which has dominated in times of frequent fire is oak (Quercus). 

Since fire frequency declined into an era of suppression during the 1930s, the oak-pine forests 

have been encroached by shade-tolerant, fire-sensitive species such as maple (Acer) and beech 

(Fagus) (Abrams 1992).  

Oak species contain several adaptations that help them tolerate or even encourage fire. 

These adaptations include high leaf litter flammability, rapid bark growth, rapid vertical growth 

rates (Varner et. al 2016), and resistance to drought and nutrient-poor soils (Abrams 1992). 

Additionally, oak does not have a high tolerance for shade, making the open space created by fire 

an influence on habitat preference (Abrams 1992). Within the genus, different species of oak are 

known to have various tradeoffs with such adaptations (Varner et. al 2016). For example, turkey 

oak (Quercus laevis) can produce highly flammable leaves and thick bark, but the vertical 

growth rate is slow. Conversely, water oak (Quercus nigra) produces leaves that are not as 

flammable and produces a relatively thinner bark, but it shows the ability to grow rapidly to a 

height that exceeds the length flames during a surface fire (Varner et. al 2016).   

During the fire-suppression era, landscapes once dominated by fire-tolerant oak species 

have been shifting to mesophytic, fire-intolerant species such as maple and beech. This process, 

and the positive feedback loop associated, has become known as mesophication (Nowacki & 
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Abrams 2008). Mesophytic hardwoods are highly competitive; furthermore, once they do take 

over the landscape, they can change the microclimate and fuel bed condition – conditions which 

can further decrease fire frequency. For example, mesophytes create heavy shade, reduce air 

movement, and create leaf litter with lower flammability. With the settlement of mesophytes, the 

microclimate has decreased radiation reaching the surface, decreased wind speeds, and increased 

relative humidity – all of which produce a cooler and moister climate (Nowacki & Abrams 

2008).  

This relationship between fire and oak has been addressed by several witness tree papers 

(Lutz 1930, Abrams & Downs 1990, Cowell 1995, Black & Abrams 2001, Black et al. 2006, 

Thomas Van-Gundy & Nowacki 2013, Tulowiecki & Larsen 2015). Witness tree papers examine 

where certain tree species occurred before European settlement. By looking at historical 

proportions of oak and other fire-adapted taxa in the area, it can be inferred where fire may have 

occurred frequently because oak is not a late-successional species and the resilient fire 

adaptations of oak (Abrams 1992). The fire-oak hypothesis came to light with the fire regime 

change of European fire suppression and the decline of oak which followed the previous frequent 

fire and oak domination (Abrams 1992 and Nowacki & Abrams 2008). The question came to be: 

was the fire ignited by lightning or humans? A step further into this question is: how great was 

the human influence on fire before European settlers, and how did this vary in the Northeast, 

Midwest, and the South in the United States? 

One paper by Noss et al. (2015) argues that humans do not have a great influence on the 

landscape via fire, suggesting instead that lightning is more influential because it has influenced 

the evolution of the southeastern United States plants for millions of years. This factor predates 

human occupation in the area and was the original source for fire and, therefore, the local plant 
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ecology (Noss et al. 2015). The study area highlighted in Noss et al. (2015) is the North 

American Coastal Plain, defined by the Geological Coastal Plain region. This region includes the 

lower half of Georgia, and does not include the northern half where my study area of Rabun 

County, Georgia is located. 

Witness Tree Papers 

Witness tree papers have been used for a variety of studies dating back to the 1920s 

(Sears 1925). The main focus of these early papers is to mark the number of trees in addition to 

examining the relationships between these trees and the soil types of the location. Papers 

including these studies are common for the northeastern United States, the Midwest, and the 

South. The goal of these papers is to examine the forest cover of the area before European 

settlement. The method by which they were surveyed differs from area to area and can range 

from a metes and bounds system to township and range, and the land plat system (which was 

used in Rabun County, Georgia) (Cadle 1991). This next section will cover a review of papers 

involving witness tree data for the different areas in the United States. Depending on the location 

of these areas, different species dominated the landscape, with the Northeast and Midwest 

presenting more Acer and Fagus, while the South was dominated by Quercus.  

In the Northeast, the papers differed as to which tree species was more dominant. Species 

such as Quercus were found to be more dominant Queens County, New York (Greller 1972), 

northern New Jersey (Russell 1981), southeastern New York and East New Jersey (Loeb 1987), 

and in southwest Pennsylvania (Abrams & Downs 1990).  Fagus was found to be more dominant 

in the Catskill Mountain Region of New York (McIntosh 1962), Chittenden County in northern 

Vermont (Siccama 1971), and in northeastern Maine (Lorimer 1977). The Lorimer (1977) paper 
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on northeastern Maine noted that compared to other surveys in this area, there was a greater 

proportion of Picea, Abies, and Cedrus.   

The role of fire on the landscape in the Appalachian Platuea in Warren, McKean, Forest, 

and Elk counties in Pennsylvania was noted in Lutz (1930): “It frequently is desirable to know 

the character of the original forest or its fire history to evaluate present-day composition and 

association.” Fire was also mentioned in Abrams and Downs (1990) with their area of study in 

southwest Pennsylvania being currently dominated by Fagus, Acer, and Liriodendron. Another 

common type of disturbance was windfall (McIntosh 1962). Papers which evaluated Native 

American presence and the witness trees include areas in northwest Pennsylvania (Black et. al 

2006) and Chautauqua County, New York (Tulowiecki & Larsen 2015).  

In the Midwest, studies show a variety of oak and maple-dominated sites. A mix of 

Quercus, Fagus, and Fraxinus appeared in a general study of Ohio (Sears 1925). Fagus and Acer 

appeared as the dominated species in Forest County, Wisconsin (Stearns 1949), Marion and 

Johnson Counties in Indiana (Blewett & Potzger 1950), and the western portion of the upper 

peninsula of Michigan (Bourdo 1956). Quercus appeared as the dominant species in Lake, 

Newton and Jasper Counties in Indiana (Rohr & Potzger 1951), Warren, Benton, White, Pulaski, 

and Starke Counties in Indiana (Finley & Potzger 1952), northwestern counties in Indiana 

(Potzger & Keller 1952), Lee, Jackson, and Allamakee Counties in Iowa (Dick-Peddie 1953), 

and Clark, Boone, and Dade Counties in Missouri (Howell & Kucera 1956). Wind was 

mentioned as a disturbance in Wisconsin in Canham and Loucks (1984). Areas marked with 

posts were interpreted as grasslands; the papers with this inclusion displayed Quercus as the 

dominant species (Rohr & Potzger 1951 and Finely & Potzger 1952).  
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In the South, the majority of the published papers contain Quercus as the dominating 

species. The Quercus-dominated locations include Sumter County, Alabama (Jones & Patton 

1966), Montgomery County, Alabama (Rankin & Davis 1971), northeast Kansas (Abrams 1986), 

and Baldwin County, Georgia (Cowell 1995). These papers included a mention of either prairie 

(Jones & Patton 1966, Rankin & Davis 1971, Abrams 1986) or fire as a disturbance (Abrams 

1986 and Cowell 1995). In the alluvial plain of the Mississippi River in Louisiana, the forest was 

dominated by Magnolia, Ilex, and Fagus (Delcourt & Delcourt 1974). 

To look into the human impact on past ecology, researchers have included Native 

American archaeological data in conjunction with the witness tree data. In Lancaster County, 

Pennsylvania (Black & Abrams 2001), and the Allegheny Plateau in northwestern Pennsylvania 

(Black et al. 2006), studies have looked at specific tree species when dividing the area into a 

gridded system. As opposed to using a grid over the study area, another method has been to 

classify the trees based on their adaptations to fire-tolerance and interpolate where these trees 

might have been located (Thomas Van-Gundy & Nowacki 2013). Finally, species distributions 

models have been used to predict where specific tree species could have been located with the 

presence and absence of Native American influence (Tulowiecki 2015 & Larsen). Most of these 

studies, which have looked at the relationship between Native American archaeological sites and 

witness trees, focused on the Northeast where the landscape had a large presence of Acer and 

Fagus. 

Witness Tree Records of Rabun County 

This study used data from the Rabun County surveys and the witness tree points, which 

mark the corners of land plats. Witness trees fall under the category of a “natural” monument 

along with rocks and bodies of water. Artificial monuments can include wooden stakes, posts, 
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chopped trees, and piles of rocks in areas where trees were not present and rocks were abundant 

(Cadle 1991). The artificial monuments will be explored in this study as potential indicators of 

treeless areas, e.g., patches of grassland.  

 Monuments would be marked in a way so landowners and surveyors would be able to 

easily tell they marked a corner of each land plat. According to Section 5 in the bill created for 

the Land Lottery Act of 1803, surveyors were instructed to mark the dividing lines “with the 

utmost possible exactness” of the county “plainly and distinctly, upon trees, if practicable, 

otherwise stakes may suffice,’” and the names of corner trees along with spatial measurements 

would be noted in the field guide. When dividing Baldwin and Wilkinson counties as well as 

when separating the districts within the counties, trees on that dividing boundary would be 

marked with four notches with the letters “CL” or “D.L.” in the center of the notches to note a 

county or district line. When marking within the districts, the surveyors for Baldwin and Wilkson 

Counties were required to mark all corners with “a chop (-), a blaze (o), a cross (X), a blasé 

[blaze] (o), and a chop (-)” in a vertical fashion on the tree. And all stations at cross lines not less 

than five chains from intersections with “two chops (- -), a blaze (o), and two chops (- -)” in a 

vertical fashion on the tree. 

Trees along the dividing course lines, but not the station trees, were instructed to be 

blazed (Cadle 1991). The methods of marking the corner trees and station trees on the cross lines 

varied from county to county depending on the surveyor general’s instructions but overall kept 

the same methods. 
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Native American Influence 

This study focuses on the spatial relationship between Native American archaeological 

sites and tree species adapted for frequent fire. Before analyzing this relationship, it is important 

to look at the Cherokee use of fire as well as settlement location patterns.  

William Bartram, a Philadelphia naturalist, traveled through Cherokee country beginning 

in 1776. While traveling from Oconee Mountain to present-day Walhalla, South Carolina, 

Bartram recalled passing through fields of corn (Keel 1976). Bartram’s travels cut through a 

portion of modern-day Rabun County. However, according to his map, there were no large 

Cherokee towns in the area as he passed through. In archaeological surveys, sites did appear, 

indicating that they might have been smaller domestic sites or, if a more-populated site, not in his 

line of travel.   

Native American townhouses were known to be situated near rivers, with multiple 

periods of occupations, and associated with burning if moving elsewehere. In other words, before 

leaving a settlement to live elsewhere, the occupants would set their house ablaze. According to 

historical myths, Cherokee townhouses would be created in river bottomlands for access to water 

especially during community recreational events, such as dances and games (Rodning 2015). 

This myth of townhouses being situated along rivers corresponds with the Kituhwa and Coweeta 

Creek mounds in southeastern Piedmont (Rodning 2015). These townhouses acted as community 

centers mostly for male use, and it’s been proposed that women brought baskets of earth to help 

create the earthen mounds on which the townhouses were made. Women also brought fire from 

the constant fire of the townhouses to domestic dwellings nearby (Rodning 2015). These 

townhouses would experience a cycle of events including the creation, occupation, burning, and 

burial of the structure. This series of events would have been paralleled with the cycle of the 
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rebirth and death of a community, with different periods of time occupying a “new” townhouse 

in the same location on top of the previous (Rodning 2010, 2015). Major archaeological site 

locations were known to remain occupied for multiple periods of time and to be situated near 

rivers (Keel 1976). 

While townhouses and major centers of communities were situated near rivers and in 

floodplains, archaeological surveys have found camps and village sites in areas of all 

topographical types including in coves, mountain peaks, and saddles along ridges, terraces, in 

addition to floodplains (Keel 1976). Keel (1976) attributes this variation in site locations to the 

seasonality of wild plant foods, such as blackberries, and the seasonal movements of deer. 
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STUDY AREA 

Physical Features of Rabun County 

Rabun County was chosen as the study area for this research due to its unique physical 

features, surveying data availability, and documented anthropogenic activity before European 

settlement. Historically, the spatial area of Rabun County is 720 km2 and spans elevations 

ranging from 227 to 1432 meters. The large range in elevation was partially the reason this 

county was chosen for this study because of the variety in topographical positions which may 

influence vegetation locations. 

There is also limited witness tree literature concerning the Appalachian region, especially 

in the southern portion in the Blue Ridge Mountains. According to dendrochronological data, the 

area’s vegetation has shifted from oak and pine dominance to a higher frequency in more mesic 

species such as hemlock, white pine, red maple, and sourwood (Bratton & Meier 1990, Keel 

1976). Included in this shift in vegetation is the massive decline in the American chestnut with 

the Chestnut blight fungal disease (Cryphonectria parasitica) being introduced to North America 

in the early 1900s (Keel 1976). For example, William Bartram wrote of riding his horse across 

the semi-open areas of watershed, indicating open grasslands, woodlands, and a lack of shrubs in 

the area before the vegetation shift (Bratton & Meier 1998). 

The temperature and climate of the study region is also important because they may 

influence the growth of species. In the city of Clayton, Georgia, near the center of Rabun 

County, the annual high and low temperatures are 3.4 ̊C and 22.9 ̊C respectively; the annual 

precipitation in this city is 1779 mm without pronounced seasonality (Figure 1) (PRISM 2020).  



 

15 

 

 

Figure 1. Climograph of Clayton, Georgia from PRISM Climate Group for 30-year 

average values from 1981-2010. 

Lightning ignitions are also known to be relatively rare in this area according to fire 

reports; and, if present, were strongly related to ridgetops and open slopes (Bratton & Meier 

1998). Finally, the USDA Forest Service conducts prescribed burning in Rabun County to reduce 

fuel and improve wildlife habitats (USDA Forest Service). 

Survey History of Rabun County 

This study takes place in Rabun County, Georgia located in northeast Georgia in the 

southern Blue Ridge Mountains (Figure 2). Rabun shares its northern and eastern border with 

North and South Carolina respectively. 

0
10
20
30
40
50
60
70
80

0
1
2
3
4
5
6
7

Te
m

p
er

at
u

re
 (
°F

)

P
re

ci
p

it
at

io
n

 (
in

ch
es

)

Months

Clayton, Georgia 30-year normals from 
1981-2010

Precipitation Temperature



16 

Figure 2. Map of 1820’s Rabun County. 

The spatial extent of this study will be limited to the historical boundaries of Rabun 

County in 1820. This is because modern Rabun County consists of parts that were originally part 

of the then adjoining Union and Habersham County (“Rabun”). The historical Rabun county was 

surveyed in a division of 5 districts. Districts 2-5 will be used in this paper because the district 

survey for District 1 as a whole was not available. 

Rabun County was surveyed under the “land lot and district system” as part of the Land 

Lottery Act of 1819 after the Cherokees signed a treaty that forfeited their lands in Tennessee 

and Georgia. The 1819 Act included sections describing how the land was to be divided: 
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Rabun County to be divided into five districts “as nearly equal as practicable”… Districts 

1, 3, 4, and 5 of Rabun County to be divided into lots of “seventy chains each way, 

containing four hundred and ninety acres each, by lines running north and south, 

intersected by others at right angles,” except for fractional lots…District 2 of Rabun 

County to be divided into lots of “fifty chains each way, containing two hundred and fifty 

acres, by lines running due north and south, intersecting others at right angles,” except for 

fractional lots. (Cadle 1991). 

 

 Rabun County was surveyed during the spring in 1820 “without serious difficulty,” and 

the land was distributed, along with several other counties in northeastern and southern Georgia, 

during the 1820 Land Lottery (Cadle 1991). District 2, which is situated in the northwestern 

corner of historical Rabun County, was surveyed in lots of 50 chains rather than 70 chains like 

the other districts. This difference in measurement presents itself as a limitation with more 

witness trees being recorded in District 2 – while more data are gathered from this district, it 

holds an uneven distribution when observing the counts of specific trees with the argument that 

District 2 holds more weight with the additional number of trees.  

 Inaccuracies in some of the counties distributed during the 1820 Land Lottery later 

appeared. For instance, in Irwin County during an 1829 resurvey of the 11th District, the new 

surveyor William B. Taylor noted great inconsistencies such as lack of corners, corners in 

incorrect locations, incorrect numbering of lots, and unmapped swamps and creeks. In 

Habersham County’s 6th District, the surveyor was noted to have taken “long & circuitous routs” 

to travel around “impassable precipices,” which resulted in landowners’ confusion of land 

boundaries (Cadle 1991). 
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 However, when it came to Rabun County a “high note of praise was sounded.” A civil 

engineering professor at the University of Georgia, Charles M. Straham, conducted a resurvey of 

Rabun County in 1913. According to Cadle 1991: 

 

He was impressed with their honest effort to carry out their instructions, that there were 

some errors as would have been expected in surveying through a rough virgin territory, 

but that the original surveys had been done conscientiously and with admirable accuracy 

for that time.   

 

Dr. Straham’s testimony of the accuracy of Rabun County provides credibility in the 

accuracy of the surveys to be used in this study. This testimony, along with range in topography, 

the availability of these of surveys, the known presence of Native Americans, and the location of 

being in the Southern Appalachian Mountains in the United States are the reasons that Rabun 

County was chosen for this study. 

Anthropogenic Timeline 

In the eastern half of Rabun County sits part of the Chattooga River Watershed which 

drains into the Chattooga River which creates the eastern border of Rabun County. The fire 

ecology timeline of this area is often a topic of interest for seeing how the vegetation has 

changed over time. Generally, the associated anthropogenic timeline consists of Cherokee 

occupation, European settlement and logging, the fire suppression era, and modern-day fire 

practices. 

In the southeast, the Cherokee people occupied this land and included various cultural 

phases with different ceramic styles (Table 1). 
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Table 1. Cultural phase chronology along with associated ceramic traditions in the 

Appalachian Summit area (reprinted from Keel 1976). 

Date Phase Ceramic Tradition 

1800 Qualla South Appalachian 

1500 

Pisgah South Appalachian 

1000 

600 

Connestee South Appalachian and 

Northern Woodland 

A.D. 200

0

200 B.C. 

Swannanoa Northern Woodland 

800 

Otarre 

Savannah River 

2000 

Guilford 

Morrow Mountain 

6000 
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Table 1. Continued. 

Date Phase Ceramic Tradition 

Stanly 

Kirk 

Palmer 

Hardaway 

10,000 Fluted Point occupation 

From 1820 to 1860, European settlers began extensive logging and forest clearing on the 

landscape. In this era during the summer of 1845, great fires and dark smoke clouds were written 

in The Keowee Courier (Bratton & Meier 1998). Commercial logging peaked between 1890 and 

1940, a time during which fire scars indicate a majority of large fires in the area (Bratton & 

Meier 1998). In the early 1900s, the U.S. Forest Service saw the need for fire-fighting, and fire 

suppression became a more urgent objective in the early 1930s with the Smokey the Bear figure 

being introduced in 1944. This policy continued until the 1970s when researchers and land 

managers began to understand that fire plays a role in forest ecology (Forest History Society). In 

1974, the Chattooga River was officially designated as a National Wild and Scenic River (Wise 

2018) 

Cherokee Influence on Vegetation 

Cherokee hunted animals, cultivated crops such as corn, herded cattle, and lived in a 

variety of topographical sites (Bratton & Meier 1998; Keel 1976; Waselkov 1997). Town centers 

and large agricultural fields would be located in the floodplains, and household gardening was 

situated on the nearby terraces (Keel 1976; Waselkov 1997). Ecologists recognize that over time, 
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the vegetation has shifted in the southeast via witness tree data and records containing charcoal 

and pollen (Abrams & Johnson 2019; Bratton & Meier 1998; Cowell 1995; Delcourt & Delcourt 

1998). With the shift in vegetation in addition to the shift in populations and fire usage, 

ecologists claim that Native Americans may have used fire in a frequent, widespread manner and 

possibly made an impact in maintaining that previous vegetation. 
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DATA 

The data in this study were derived from three different datasets: witness tree data, Native 

American archaeological site data, and a Digital Elevation Model (DEM) (Table 2). From these 

main datasets, other layers of data were created – especially from the witness tree data – for 

analyses. The witness tree data are the historical land surveys, the archaeological sites are the 

locations and type of sites, and the DEM is the elevation data. These variables can be seen in the 

methods section for each objective. 

Table 2. The datasets used in this study. 

 

 

Witness Tree Data 

The witness tree data were obtained from the Historic Land Lot District Survey Maps 

from the Georgia Data Clearinghouse (2005) (Figure 3). These data were georeferenced at a 

scale of 1:1000 by the University of Georgia Information Technology Outreach Services GIS 

production facility, who georeferenced the points by using stream intersections and rubber 

Name Type Source  Url 

Witness tree 

data 

Point Georgia Data 

Clearinghouse 

https://data.georgiaspatial.org/login.asp 

Native 

American 

Archaeological 

Sites 

Point Georgia’s Natural, 

Archaeological, and 

Historic Resources 

GIS (GNAHRGIS) 

https://www.gnahrgis.org/gnahrgis/index.do 

Digital 

Elevation Model 

(DEM) 

Raster 

1/9 arc-

second 

National Elevation 

Dataset (NED) 

distributed by 

USGS 

https://www.usgs.gov/ 

https://data.georgiaspatial.org/login.asp
https://www.gnahrgis.org/gnahrgis/index.do
https://www.usgs.gov/
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sheeting. Within ArcMap, point features were manually created for each of the witness tree 

corners (Figure 4). 

 

 

Figure 3. Historical land lot surveys of Rabun County dated to the 1820s. 
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Figure 4. All witness tree points used in study. District 2 in the northwestern section 

surveyed every 50 chains rather than every 70 chains as in the other districts. 

 

Native American Archaeological Site Data 

The Native American archaeological site data were obtained via Georgia’s Natural, 

Archaeological, and Historic Resources GIS (GNARGHIS), which was organized by the Historic 

Preservation Division of the Department of Natural Resources and the Georgia Archaeological 

Site File at the University of Georgia. From their collection of data, there was a total of 224 

archaeological sites that dated to before 1820 and were attributed to Native Americans (Figure 

5). According to GNARHGIS, each site was assigned into a cultural period: Unknown, Archaic 

(8000-1000 B.C.E), Woodland (1000 B.C.E. – 1000 C.E.), Mississippian (900-1500 C.E.), and 

historical Cherokee (1500 – 1820 C.E. (Bense 1994) (Table 3). These sites were categorized into 

their time periods via artifacts found at the sites. 
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Table 3. Number of archaeological sites per cultural period. 

Cultural Period Date Number of sites 

Unknown  173 

Archaic 8000 – 1000 B.C.E. 25 

Woodland 1000 B.C.E. – 1000 C.E. 15 

Mississippian 900 – 1500 C.E. 10 

Historical Cherokee 1500 – 1820 C.E. 1 

 

 

Figure 5. All Native American archaeological sites used in study. 

Out of the 224 sites, 7 sites were confirmed as a habitation site (Figure 6). In the 

archaeological notes of these sites, the surveyors wrote that the site had been used as a place of 

living by describing the site as a camp, village, homestead, or open habitation site (Table 4). 

These labels indicated that there was evidence of a prolonged period of living in these locations. 

These sites differed from the other sites in that the other sites had written descriptions noting of 

simply lithic or ceramic scatter. 
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Table 4. Number of habitation sites per cultural period. 

Cultural Period Date Number of sites 

Unknown  2 

Archaic 8000 – 1000 B.C.E. 2 

Woodland 1000 B.C.E. – 900 C.E. 1 

Mississippian 900 – 1600 C.E. 1 

Historical Cherokee 1600 – 1820 C.E. 1 

 

 

Figure 6. Native American habitation sites used in study. 

 

Elevation Data 

The elevation raster data, with a cell size of 1/9-arc-second, were derived from the 

National Elevation Dataset (NED) and were obtained via the United States Geological Survey 

(USGS). The elevation of Rabun County ranges from 227 to 1432 meters, or 745 to 4,698 feet 

(Figure 7). 
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Figure 7. Elevation of Rabun County, Georgia. 
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DATA CREATION 

This section discusses the data derived from the three main datasets of the witness tree 

data, Native American archaeological site data, and the DEM (Table 5).  

Table 5. Variables created from datasets for analysis. 

Name 

Abbreviation 

Description Data Type How it was 

created 

Analysis in 

which was 

used 

PyroPerInterp Average 

interpolated 

pyrophytic tree 

percentage 

Raster IDW using 6 

points in radius 

settings from 

center trees’ 

pyrophytic 

percentage. 

Buffers around 

sites, Native 

American site 

density, grid 

PyroPerRaw Average 

pyrophytic tree 

percentage from 

raw counts 

Point Spatial join by 

joining attributes 

of center trees to 

buffers and grid 

cell based on 

spatial location.  

Buffers around 

sites, grid 
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Table 5. Continued. 

Name 

Abbreviation 

Description Data Type How it was 

created 

Analysis in 

which was 

used 

AllNA All Native 

American 

archaeological 

sites 

Point All 224 Native 

American 

archaeological site 

points used. 

Buffers around 

sites 

HabNA The 7 Native 

American 

archaeological 

sites labelled as a 

habitation site 

Point These sites were 

chosen as a 

habitation site 

based on survey 

note descriptions. 

Buffers around 

sites, hickory 

percentage 

Hickory X,y locations of 

hickory trees 

Point Hickory trees were 

selected from the 

witness tree data. 

Hickory 

percentage 

NFPerInterp Average 

interpolated non-

forest tree 

percentage 

Raster IDW using 6 

points in radius 

settings from 

center trees non-

forest percentage.  

Native 

American site 

density, grid 
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Table 5. Continued. 

Name 

Abbreviation 

Description Data Type How it was 

created 

Analysis in 

which was 

used 

NAPointDens Native American 

site density 

Point Point density layer 

created from all 

archaeological 

sites. Output raster 

converted to point 

data. 

Native 

American site 

density 

NFPerRaw Average non-

forest tree 

percentage from 

raw counts 

Point Spatial join by 

joining attributes 

of center trees to 

polygon fishnet 

based on spatial 

location. Each grid 

cell polygon given 

the average non-

forest percentage 

of trees. 

Grid 
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Table 5. Continued. 

Name 

Abbreviation 

Description Data Type How it was 

created 

Analysis in 

which was 

used 

ElevMean Mean elevation Raster Zonal statistics for 

mean elevation 

using DEM. 

Grid 

ElevRange Elevation range Raster Zonal statistics for 

elevation range 

using DEM. 

Grid 

NADens Native American 

site density 

Point Spatial join by 

joining attributes 

of sites to polygon 

fishnet. Each 

polygon given the 

sum of points. 

Used field 

calculator density 

– number of 

sites/area of grid in 

km2. 

Grid 
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PyroPerInterp 

PyroPerInterp, the average interpolated pyrophytic tree percentage, was derived using the 

witness tree point data and inverse distance weighting (IDW) interpolation (Figure 8). 

Interpolating pyrophytic tree percentage data using witness tree data follows the approach of 

Thomas-Van Gundy and Nowacki (2013), who used kriging to create a GIS layer of pyrophytic 

percentage. However, kriging requires input data to have a normal distribution. To test for a 

normal distribution in Rabun County’s witness tree data, a Moran’s I test in ArcMap was 

conducted to determine the spatial autocorrelation of the pyrophytic trees. The Moran’s I showed 

clustering of the pyrophytic trees with a left-skewed distribution, indicating that IDW was a 

more appropriate interpolation method than kriging for this dataset. Similar results occurred in 

the dataset from Thomas-Van Gundy and Strager’s study (2012) which was still kriged in the 

Thomas-Van Gundy and Nowacki (2013) study where they used ordinary kriging.  

For this study, both kriging and IDW were used with a minimum of 6 points to 

interpolate the average interpolated pyrophytic tree percentage. When comparing the two 

outputs, the IDW layer showed a more accurate representation of the original data. For example, 

the original pyrophytic percentage points had values ranging from 0-100. The IDW output had 

values that ranged from 0-100, while the kriging output values started around 40. While these are 

predicted surfaces that are being created, kriging took away the lower point values and had a 

different measured value from the observed.  

In the end, IDW was the chosen interpolation method used to create PyroPerInterp 

because the pyrophytic point data showed clustering and the IDW output was a more accurate 

representation of the original data, which served as a better representation of the pyrophytic 

percentages with lower values in the original data. 
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Figure 8. Pyrophytic percentage raster. 

The pyrophytic percentage was interpolated using the location of the tree at the center of 

each grouping of trees. These center trees were chosen as opposed to all individual trees because 

these trees occurred at the intersection of the grid lines and had a more accurate x,y location once 

georeferenced. Each center point was assigned a value between 0-100 based on the pyrophytic 

percentage of the group of trees in the clustered area. Each tree was assigned a pyrophytic 

percentage with the value 0 or 100: 0 if the tree was considered a mesophytic tree, and 100 if 

considered a pyrophytic tree. The average of the cluster of trees (usually a group of 5 trees) was 

then calculated and assigned to the center tree in its own group percentage column in the 

attribute table in ArcMap (Figure 9). This method was also used later when calculating a ‘non-

forest’ percentage, but by assigning the center point with the percentage of non-forest trees 

within the cluster (Figure 13).  

If a cluster of trees contained a point labeled as a post or stake, it was considered ‘non-

forest’. Non-forest tree were not included in the calculation of the pyrophytic percentage. By 

excluding the non-forest trees in the interpolation calculation, a conservative estimate of the 

pyrophytic percentage was created. This is because the non-forest trees could also be considered 
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a place where fire may have occurred in the past if assumed to be grassland (Pyne 2017). The 

resulting interpolation was a relatively homogenous landscape with little variation because a 

large majority of the points were classified as pyrophytic. There are some limitations associated 

with interpolating the witness tree points. Each cluster of trees was weighted equally regardless 

of the number of trees within the cluster. Each cluster was also interpolated as a cluster rather 

than individual trees because it is unknown to the author how far the corner trees were to the 

center tree.  

 

 

Figure 9. Cluster of 5 tree points in survey. Trees with pyrophytic percentage values listed 

as white oak (100), pine (100), black oak (100), poplar (0), and red oak (100). The cluster’s 

average percentage calculated as 80 percent pyrophytic, and assigned to the x,y location of 

the red oak. 
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Not all of the tree clusters were in groups of 5. Clusters appeared in groups 1,2,3, and 4 

as well. These clusters appeared on the borders of the surveys (Figure 10 & Figure 11). Because 

of the county’s borders, some of the clusters were not uniformly spread out. 

Figure 10. A single tree point below a cluster of 5 trees. 

In Figure 10, there is a cluster of five trees. The point which stands alone was counted as 

its own cluster. These irregularly spaced clusters occurred near the outer boundaries of the 

county’s borders. 
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Figure 11. A cluster of 4 trees at the border of the survey boundary. A common feature at 

the borders of the surveys. 

PyroPerRaw 

PyroPerRaw refers to the average pyrophytic tree percentage from raw tree counts. To 

create this variable, a spatial join was used by joining the attributes of the center trees to the 

spatial location of the buffers. The center trees data contain the pyrophytic percentage for each 

cluster of trees.  

AllNA 

AllNA refers to all 224 of the archaeological sites being used. A limitation to using all of 

the sites is that all of the sites are weighted equally regardless of types and quantity of artifacts 

found in the location. Additionally, the sites are weighted equally regardless of time period noted 

in the archaeological survey. 
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HabNA 

HabNA refers to the 7 habitation sites from the archaeological data. The sites are 

weighted equally regardless of time period noted in the archaeological survey. 

Hickory 

The hickory trees were selected from the witness tree data (Figure 12). 

 

Figure 12. Hickory witness trees in historical Rabun County, GA. 

 

NFPerInterp 

 NFPerInterp refers to the average interpolated non-forest tree percentage (Figure 13). 

This layer was created in the same method as PyroPerInterp; however, instead of using the 

average pyrophytic percentage of the cluster, the average non-forest trees was used. 
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Figure 13. Non-forest percentage raster. 

NFPerRaw 

NFPerRaw refers to the average non-forest tree percentage from raw tree counts. To 

create this variable, a spatial join was used by joining the attributes of the center trees to the 

spatial location of the fishnet polygon. Each grid cell in the polygon was given the average non-

forest tree percentage. This variable was created in order to stick more closely to the raw data, 

and it can be compared to results from the interpolated, predicted surface layer of NFPerInterp. 

NAPointDens 

NAPointDens refers to the Native American site density (Figure 14). This variable was 

created by creating a point density raster from the Native American site point data. When 

created, this raster was created to have the same cell size as the interpolated pyrophytic and non-

forest rasters, which was 127.75 m2. Once created, the Native American point density raster was 

converted to point data. 
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Figure 14. Site density of all Native American archaeological sites used in study. 

 Figure 14 represents the site density output which was created using in the point density 

tool in ArcMap. The darker values represent where there is a higher density of archaeological 

sites in Rabun County.  

ElevMean 

ElevMean refers to the mean elevation within each grid cell in the fishnet. This variable 

was calculated by conducting zonal statistics for the mean elevation using the DEM. 

ElevRange 

ElevRange refers to the elevation range within each grid cell in the fishnet. This variable 

was calculated by conducting zonal statistics for the elevation using the DEM. Where the higher 

ranges are, the landscape is expected to have more rugged terrain than in cells with lower 

elevation range. 

NADens 

 NADens refers to the Native American site density with each grid cell in the fishnet. This 

variable was created by conducting a spatial join by joining the attribute of Native American 

archaeological sites to the fishnet polygon. Each grid cell in the fishnet was given the sum of 
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Native American archaeological site points. A field was added in the fishnet attribute table. In 

this field, the field calculator was used to calculate the density which equaled the number of sites 

divided by the area of the grid cell in km2. 
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OBJECTIVE ONE: FOREST COMPOSITION 

For objective one, I aimed to reconstruct the past forest composition of historical Rabun 

County, Georgia before European settlers made a significant impact. Objective one consists of 

two parts: 1) record the number of tree points for each species listed on the historical land 

surveys and categorize and 2) record the number of trees based on their fire association (i.e., 

pyrophytic versus mesophytic).  This objective addresses the following hypotheses: 

• H01: The number of tree species will be evenly distributed within Rabun County, Georgia 

in 1820 C.E. (i.e., no one specific tree species will be more prevalent than others). 

HA1: There will be a majority of oak (Quercus), hickory (Carya), chestnut (Castanea), 

and pine (Pinus) species in Rabun County, Georgia in 1820 C.E. These species thrive 

under frequent fire, and therefore the prevalence of these taxa would suggest that fire was 

common and widespread. 

 

• H02: There will be no difference in number between the white oak and red oak subgenus 

in Rabun County, Georgia in 1820 C.E. 

HA2: There will be a majority of the white oak subgenus in Rabun County, Georgia in 

1820 C.E. 

 

• H03: The number of pyrophytic and mesophytic tree species will be evenly distributed 

within Rabun County, Georgia in 1820 C.E. (i.e., the number of pyrophytic versus 

mesophytic trees will be more or less equal). 

HA3: There will be more pyrophytic trees, or trees with fire-adapted traits.  in Rabun 

County, Georgia in 1820 C.E. 
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Methods: Tree Species Composition (H01, HA1) 

To test whether tree species distributions within Rabun County are evenly distributed 

across Rabun County, I first assigned each tree point in the historical land surveys from Rabun 

County, Georgia a scientific tree species name that corresponds to the listed common name in the 

original surveys. I used the tree species listed in Thomas-Van Gundy and Strager (2012) as 

guidance for assigning scientific names. Once all witness trees were reclassed, the number of 

trees for each tree species was recorded by exporting the shapefile dataset to a .csv file and 

summarizing tree species counts in Microsoft Excel. 

Results 

The dataset count summaries demonstrate that pyrophytic trees make-up the majority of 

the witness tree dataset (89 %) (Table 6). The common names for 2,429 witness trees were 

reclassified into 41 different scientific name categories. This number does not include the 161 

witness trees labelled as “P.”, “S”, or “St.” which were labelled as non-forest because of the 

assumption that these witness trees were posts or stakes. There were also 3 witness trees that did 

not have an assigned scientific name: Ivy, Hay, and Stake. These points, long with those labeled 

as “P.”, “S”, or “St.” were classified as non-forest. 

 

Table 6. Witness tree species counts and percentages categorized by fire association. 

Assigned Common Name Scientific Name Count Percentage 

(%) 

Pyrophytic    

Hickory Carya spp. 151 6 

Chestnut Castanea dentata 280 11 

Chinquapin Castanea pumila 2 <0.5 

Dogwood Cornus spp. 19 1 



 

43 

 

Table 6. Continued. 

 

   

Assigned Common Name Scientific Name Count Percentage 

(%) 

Common Persimmon Diospyros virginiana 7 <0.5 

Blackgum, Sour Gum Nyssa sylvatica 54 2 

Sourwood Oxydendrum arboretum 36 1 

White Pine Pinus strobus 6 <0.5 

Pine Pinus spp. 395 15 

Cottonwood Populus spp. 2 <0.5 

White Oak Quercus alba 169 7 

Spanish Oak, Scarlet Oak, Pin Oak Quercus coccinea 271 10 

Blackjack Oak Quercus marilandica 84 3 

Chestnut Oak Quercus prinus 167 6 

Northern Red Oak Quercus rubra 368 14 

Oak Quercus spp. 112 4 

Post Oak Quercus stellata 2 <0.5 

Black Oak Quercus velutina 131 5 

Locust Robinia psueodocacia 35 1 

Sassafras Sassafras albidum 13 1 

 Total 2304 89 

Mesophytic    

Boxelder Acer negundo 3 <0.5 

Maple Acer spp. 38 1 

Buckeye Aesculus spp. 2 <0.5 

Sarvice Amelanchier spp. 1 <0.5 

Alder Alnus spp. 1 <0.5 

Birch Betula spp. 10 <0.5 

Wahoo Euonymus alatus 1 <0.5 

American Beech Fagus grandifolia 4 <0.5 

Ash Fraxinus americana 4 <0.5 

Holly Ilex opaca 5 <0.5 

White Walnut Juglans cinerea 1 <0.5 

Walnut Juglans spp. 7 <0.5 

Mountain Laurel Kalmia latifolia 4 <0.5 

Poplar Liriodendron tulipifera 35 1 

Cucumber Magnolia acuminate 2 <0.5 

Ironwood Ostrya virginiana 1 <0.5 

Sycamore Platanus occidentalis 1 <0.5 

Plum Prunus americana 1 <0.5 

Black cherry, Wild Cherry Prunus serotine 2 <0.5 

Elderberry Sambucus canadensis 1 <0.5 

Elm Ulnus spp. 1 <0.5 

 Total 125 5 

Non-forest    

Maple St. Acer spp. 1 <0.5 

Hickory P., St., S. Carya spp. 6 <0.5 

Chestnut P., St., S. Castanea dentata 34 1 

Dogwood P. Cornus spp. 2 1 
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Table 6. Continued. 
 

   

Assigned Common Name Scientific Name Count Percentage 

(%) 

Ash St.  Fraxinus americana 3 <0.5 

Poplar P., St. Liriodendron tulipifera 2 <0.5 

Sourwood P., St. Oxydendrum arboretum 3 <0.5 

Pine P., St. Pinus spp. 15 1 

White Oak P., St. Quercus alba 4 <0.5 

Spanish Oak, Scarlet Oak P., St. Quercus coccinea 9 <0.5 

Blackjack Oak P., St. Quercus marilandica 9 <0.5 

Chestnut Oak P., St.  Quercus prinus 6 <0.5 

Northern Red Oak P., St., S. Quercus rubra 38 1 

Oak P., St. Quercus spp. 12 <0.5 

Black Oak P., St. Quercus velutina 5 <0.5 

Locust P. Robinia psueodoacacia 2 <0.5 

Sassafras P., St. Sassafras albidum 2 <0.5 

Hay  1 <0.5 

Ivy  2 <0.5 

Stake  5 <0.5 

 Total 161 6 

All Witness Trees Total 2590 100 

 

The tree genera most abundant in number were Quercus at 50.35%, Pinus at 15.48%, 

Castanea at 10.81%, and Carya at 5.83%, all of which are pyrophytic. The spatial distribution of 

these tree species through Rabun County is shown in Figure 15. Altogether, these genera added 

up to 82.47% of the witness tree dataset. Out of the mesophytic trees, trees which were the most 

abundant were Acer spp. at 1.46%, Liriodendron at 1.35%, Betula spp. at 0.39%, and Juglans 

spp. at 0.27%.  
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Figure 15. Map of witness trees categorized by abundant tree types. A) Quercus B) Pinus 

C) Castanea D) Carya. 

 

Methods: Oak Subgenus (H02, HA2) 

The oak genus trees were then divided into red oaks and white oaks. Past literature has 

stated that the white oak species (Quercus alba) have declined in dominance since European 

settlement and that red oak are not as tolerant to fire (Abrams 2003). Additionally, while being 

overall more fire-tolerant than the mesophytic species in this study (maple, beech, etc.), oak 

species are known to vary in fire-tolerance via different trade-offs (Varner et al. 2016).  
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Results 

The red oaks included Quercus velutina, Quercus marilandica, Quercus rubra, and 

Quercus coccinea with their spatial distribution show in Figure 17. The red oak subgenus count 

was 854 trees. The white oak subgenus included Quercus prinus, Quercus alba, Quercus stellata 

with their spatial distribution show in Figure 18. The white oak count was 338 trees. In Rabun 

County, the red oak subgenus outnumbered the white oak subgenus (Table 6) with their spatial 

distribution shown in Figure 16.  

 

 

Figure 16. Map of witness trees categorized by red oaks (left) and white oaks (right). 
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Figure 17. Map of witness trees categorized by red oak. A) Quercus velutina B) Quercus 

marilandica C) Quercus rubra D) Quercus coccinea. 
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Figure 18. Map of witness trees categorized by white oak. A) Quercus prinus B) Quercus 

alba C) Quercus stellata. 

 

Methods: Fire-Adapted Tree Species (H03, HA3) 

To compare the amount of pyrophytic and mesophytic trees, I classified the trees based 

on their physical attributes that relate to their response to fire (Table 7). Witness trees were 

classified by their adaptations to fire using two categories: pyrophytic (fire-tolerant) and 

mesophytic (taxa adapted to moist sites and generally sensitive to fire). Witness trees were 

classified using methods from a previous study by Thomas-Van Gundy and Nowacki 2013 for 

categorizing witness trees based on fire adaptations in the Monongahela National Forest, West 
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Virginia. Specific fire adaptation characterizations used to categorize the trees were 1) the 

thickness of the bark, 2) preference for post-fire mineral seedbeds, 3) leaves with volatile 

substances that encourage fire, 4) early-seral trees versus late-seral trees because of shade-

tolerance and disturbance dependence, 5) drought-resistance, 6) sprouting ability after post-fire 

top kill, and 7) the flammability of fallen leaves. Due to the overlap between tree species present 

in Monongahela National Forest, West Virginia and in the Rabun County study site, fire-

association labels developed by Thomas-Van Gundy and Nowacki (2013) were used. If a tree 

species was not listed in their study, those species were classified based on the Fire Effects 

Information System (FEIS), the same source as Thomas-Van Gundy and Nowacki (2013) used to 

find the species characteristics and tolerance for fire. 

Table 7. Species fire association classification. 

a Thick/thin bark on mature trees. 
b Fallen leaf characteristics that encourage (thick, xeromorphic, water-repellent, and curled) or 

discourage surface fire (thin, flaccid, moisture-laden, adhesive and flat-lying 
c Trees that sprout after repeated post-fire top kill/injury 
d Xerophytes often associated with fire; mesophytes often disassociated with fire 
e Early-seral trees are shade intolerant and disturbance dependent, whereas late-seral trees are 

shade tolerant and disturbance independent 
f Preference for post-fire mineral seedbeds 
g Leaves with volatile substances that encourage fire 

Note: Boxwood not included in calculations because of uncertainty of identification of witness 

tree. Boxwood are not native to North America. Only 3 points were identified as Boxwood. 

References: Abrams 2007, Burns and Honkala 1990, Delcourt and Delcourt 1998, FEIS 2019, 

Hawke 1994, Holzmueller et al. 2008, Peery & Ison 2003, Thomas-Van Gundy & Nowacki 

2013, USDA, Virginia Tech Cooperative Extension 

 

 

Trees with * next to name were not mentioned in Thomas-Van Gundy & Nowacki 2013 
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Table 7. Continued 

 

Name in 

Surveys 

Assigned 

Common 

Name 

Scientific Name  Fire 

Association 

Fire Attributes 

Alder* Alder Alnus spp. Mesophytic Same family as 

birch 

(Betulaceae), 

Thin barka, fire-

discouraging 

leavesb, poor 

sproutingc, 

mesophyted 

 

Ash Ash Fraxinus 

americana 

Mesophytic Fire-

discouraging 

leaves, 

mesophyte 

 

B. Elm Elm Ulnus spp. Mesophytic Thin bark, fire-

discouraging 

leaves, 

mesophyte 

 

B. Locust, 

Locust, W. 

Locust 

Locust Robinia 

psueodoacacia 

Pyrophytic Thick bark, early 

serale, xerophyte 

 

Beech American 

Beech 

Fagus grandifolia Mesophytic Thin bark, fire-

discouraging 

leaves, 

mesophyte 

 

Birch, M. Birch, 

Mountain Birch 

Birch Betula spp. 

 

Mesophytic Thin bark, fire-

discouraging 

leaves, poor 

sprouting, 

mesophyte 

 

Black Elder* Elderberry Sambucus 

canadensis 

 

Mesophytic  

Black Gum, 

Gum, S. Gum, 

Sour Gum 

Blackgum, Sour 

Gum 

Nyssa sylvatica 

 

Pyrophytic Thick bark 
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Table 7. Continued. 

 

Name in 

Surveys 

Assigned 

Common 

Name 

Scientific Name  Fire 

Association 

Fire Attributes 

Black Oak Black Oak Quercus velutina Pyrophytic Thick bark, 

sprouting, fire-

encouraging 

leaves, 

xerophyte, tap 

root 

 

Blackjack Oak* Blackjack Oak Quercus 

marilandica 

Pyrophytic Thick bark, 

sprouting, 

xerophyte 

 

Boxelder* Boxelder Acer negundo Mesophytic Thin bark, 

mesophyte 

 

Boxwood* Boxwood Buxus spp.   

 

Buckeye Buckeye Aesculus spp. Mesophytic Thin bark, fire-

discouraging 

leaves, shade-

tolerant, 

mesophyte 

 

Cherry, W. 

Cherry 

Black cherry, 

Wild cherry 

Prunus serotina Mesophytic Thin bark, fire-

discouraging 

leaves, 

mesophyte 

 

Chestnut Chestnut Castanea dentata Pyrophytic Sprouting, thick 

bark, fire-

encouraging 

leaves, tap root, 

rot resistance 

 

Chestnut Oak Chestnut Oak Quercus prinus Pyrophytic Thick bark, 

sprouting, fire-

encouraging 

leaves, 

xerophyte, tap 

root 
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Table 7. Continued. 

 

Name in 

Surveys 

Assigned 

Common 

Name 

Scientific Name  Fire 

Association 

Fire Attributes 

Chinquopin* Chinquapin Castanea pumila Pyrophytic Sprouting, 

xerophyte 

 

Cottonwood Cottonwood Populus spp. Pyrophytic Early seral, thick 

bark, sprouting 

 

Cucumber, 

Cucumbertree 

Cucumber Magnolia 

acuminata 

Mesophytic Thin bark, 

mesophyte 

 

Dogwood Dogwood Cornus spp. Pyrophytic Susceptible to 

fungal disease 

under closed 

canopy, 

sprouting, 

increased density 

after prescribed 

burn 

 

Hay* Hay  Non-forest  

 

Hickory Hickory Carya spp. Pyrophytic Thick bark (most 

species), 

xerophyte, tap 

root 

 

Holly Holly Ilex opaca Mesophytic Thin bark, 

mesophyte 

 

Ironwood Ironwood Ostrya virginiana Mesophytic Thin bark, late 

seral, shade-

tolerant, 

mesophyte, fire-

encouraging 

leaves 

 

Ivy* Ivy  Non-forest  

 

Laurel*  Laurel Cordia alliodora Mesophytic Mesophyte 
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Table 7. Continued. 

 

Name in 

Surveys 

Assigned 

Common 

Name 

Scientific Name  Fire 

Association 

Fire Attributes 

Maple Maple Acer spp. Mesophytic Thin bark, fire-

discouraging 

leaves, 

mesophyte, red 

maple increases 

in absence of fire 

 

P. Oak Oak Quercus spp. Pyrophytic Thick bark, 

sprouting, fire-

encouraging 

leaves, 

xerophyte, tap 

root 

 

Persimmon* Common 

Persimmon 

Diospyros 

virginiana 

Pyrophytic Sprouting, self-

pruning, tap root 

 

Pin Oak Pin Oak Quercus coccinea Pyrophytic Thick bark, 

sprouting, fire-

encouraging 

leaves, 

xerophyte, tap 

root 

 

Pine Pine Pinus spp. Pyrophytic Thick bark, 

seedbed 

requirementsf, 

needle volatilityg, 

early seral, 

xerophyte 

 

Plum* Plum Prunus 

americana 

Mesophytic Thick bark, 

frequent fire may 

reduce 

frequency, 

sprouting 
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Table 7. Continued. 

 

Name in 

Surveys 

Assigned 

Common 

Name 

Scientific Name  Fire 

Association 

Fire Attributes 

Poplar Poplar Liriodendron 

tulipifera 

Mesophytic Fire-

discouraging 

leaves, 

mesophyte 

 

Post Oak* Post Oak Quercus stellata Pyrophytic Thick bark, 

sprouting, 

xerophyte, tap 

root 

 

R. Oak, Red Oak Northern Red 

Oak 

Quercus rubra Pyrophytic Thick bark, 

sprouting, fire-

encouraging 

leaves, 

xerophyte, tap 

root 

 

S. Oak, Scarlet 

Oak, Spanish 

Oak 

Spanish Oak, 

Scarlet Oak 

Quercus coccinea 

 

Pyrophytic Thick bark, 

sprouting, fire-

encouraging 

leaves, 

xerophyte, tap 

root 

 

S. Pine* Spruce Pine Pinus glabra Pyrophytic Thin bark, 

mesophyte 

 

Sarvice Sarvice Amelanchier spp. Mesophytic Thin bark, fire-

discouraging 

leaves 

 

 

Sassafras Sassafras Sassafras 

albidum 

Pyrophytic Thick bark, 

sprouting, early 

seral, xerophyte 

 

Sourwood Sourwood Oxydendrum 

arboretum 

Pyrophytic Sprouting, 

xerophyte 

 

Stake* Stake  Non-forest  
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In Thomas-Van Gundy and Nowacki (2013), witness trees were only categorized as 

pyrophytic and mesophytic. For this study, a third category was added: “non-forest” (Table 7). 

The non-forest category was first added to include witness tree points labelled as Ivy, Hay, and 

Stake, as there was not a specific scientific name for their identification. Additionally, points in 

the surveys labelled with “P.”, “S.”, and “St.” at the end of the tree name were also categorized 

as non-forest. Such examples include “Pine P.”, “Maple St.”, and “Hickory S,” as it is difficult to 

interpret if “P.”, “S.”, and “St.” represent actual trees or some other type of marker.  For 

example, the “St.” and “S.” could stand for a pine stand or a pine stake, and the label “P.,” could 

Table 7. Continued. 

 

Name in 

Surveys 

Assigned 

Common 

Name 

Scientific Name  Fire 

Association 

Fire Attributes 

Sycamore Sycamore Plantanus 

occidentalis 

Mesophytic Thin bark, 

mesophyte 

 

White Oak White Oak Quercus alba Pyrophytic Thick bark, 

sprouting, fire-

encouraging 

leaves, 

xerophyte, tap 

root 

 

W. Walnut White Walnut Juglans cinerea Mesophytic Mesophyte, fire-

discouraging 

leaves 

 

Wahoo* Wahoo Euonymus alatus Mesophytic Short shrub-like 

tree 

 

Walnut Walnut Juglans spp. Mesophytic Mesophyte, fire-

discouraging 

leaves 
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be interpreted as “post” or “stake.” Posts and stakes have previously been seen in past studies 

and have been interpreted as prairie (Rohr & Potzger 1951 and Finley & Potzger 1952). Due to 

such uncertainty, witness trees with these labels were simply classified as “non-forest”. It was 

assumed that there were no trees in this area to be marked as a witness tree, as each point may 

potentially be a post in an open area, not necessarily by other trees.  

Results 

Witness trees are primarily pyrophytic (88.96%), with small a small proportion 

being classified as mesophytic or non-forest (4.83% and 6.22%, respectively). The 

overwhelming distribution of pyrophytic trees is visually demonstrated in Figure 19.  
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Figure 19. Map of witness trees categorized by fire association. A) All trees. B) Pyrophytic 

trees. C) Mesophytic trees. D) Non-forest trees. 
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OBJECTIVE TWO: RELATIONSHIP BETWEEN NATIVE AMERICAN SITES AND 

PYROPHYTIC TREES 

For objective two, I explored the association of the fire-adapted taxa with Native 

American archaeological sites and with terrain. Objective two has four goals: to measure the 

pyrophytic percentage at varying distances from archaeological sites, to measure the hickory 

percentage at varying distances from archaeological sites, to compare the archaeological site 

density with the pyrophytic percentage, and to compare the archaeological site density with fire-

adapted trees and terrain. This objective tests the following hypothesis: 

• H01: There will be no relationship in pyrophytic percentage around the Native American

archaeological sites.

HA1: The percentage of pyrophytic tree species declines with distance from Native

American archaeological sites.

• H02: There will be no relationship in hickory tree percentage around the Native American

archaeological sites.

HA2: The percentage of hickory declines with distance from Native American

archaeological sites.

• H03: There will be no relationship in Native American site density when compared to a

pyrophytic percent raster.

HA3: The percentage of pyrophytic tree species increases with increasing Native

American site density.
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• H04: There will be no relationship between the variables with each grid cell.

HA4: The percentage of pyrophytic tree species increases with increasing elevation. The

percentage of pyrophytic tree species increases with increasing Native American site

density.

Methods: Pyrophytic Percentage at Varying Distances from Sites (H01, HA1) 

Buffers and zonal statistics were the first method used to examine this relationship. 

Buffers were used to examine the relationship between distance from sites and pyrophytic 

percentage. Around the archaeological sites, dissolved buffers and overlapping buffers were 

created with the distances 1 kilometer (km), 2 km, 3 km, 4 km, and 5 km (Figure 20). Past 

research has shown effects of Native American with varying increments of 5 km (Black & 

Abrams 2001 and Thomas-Van Gundy et al. 2015), 7 (Black & Abrams 2001), 10 km 

(Tulowiecki & Larsen 2015 and Thomas-Van Gundy et al. 2015), and 15 km (Tulowiecki & 

Larsen 2015). Although 5 km has been the smallest distance that shows a relationship, the size of 

Rabun County limits the extent to measure distance; as a result, increments from 1 km to 5 km 

are used.  

Both the dissolved and overlapping buffers have their advantages and disadvantages. By 

using dissolved buffers, this can be interpreted that fire is being within varying distances of all of 

the site grouped together. This takes into account that most archeological sites are near other 

sites. When using the overlapping buffers, the sites are analyzed individually. This is 

advantageous because it creates a higher sample size for calculating the average pyrophytic 
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percentage than the dissolved buffers. When calculating the dissolved buffers, each buffer is 

generalized with the pyrophytic percentage as one buffer feature per distance. The average for 

the overlapping buffers is calculated slightly differently in that there is an individual pyrophytic 

percentage calculated from each site with 224 buffer features per distance. Then the average 

percentage is calculated from all of the sites. 

Figure 20. Map of dissolved (left) and overlapping (right) buffers around the Native 

American archaeological sites. 

Additionally, buffers were created around the 7 Native American sites that were labelled 

as a habitation site, or a place where it was confirmed that Native Americans lived there based on 

the artifacts found (Figure 21). By looking at only the sites which were labelled as a confirmed 

habitation site, the number of the archaeological sites is decreased from 224 to 7. These 

habitation sites were confirmed living spaces as opposed to the other sites where only lithic or 

ceramic materials were found. 
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Figure 21. Map of dissolved (left) and overlapping (right) buffers around the Native 

American habitation sites. 

Once these buffers were created, the zonal statistics tool was used to find the average 

interpolated pyrophytic percentage within these varying distances. Dissolved buffers were 

created in order to find the average pyrophytic percentage around all of the sites grouped 

together. Overlapping buffers were created in order for each site to be evaluated on its own, then 

an average pyrophytic percentage was calculated from the individual percentage from each site. 

A limitation for using buffers is that the boundaries of these buffers extend to outside of the 

county area and does not account for the sites and pyrophytic percentage outside of this 

boundary. 

The average raw pyrophytic percentage was also measured in these buffer zones. The raw 

pyrophytic value comes from tree point data. A spatial join by location was created between the 

point data of the center trees and the buffers. The average pyrophytic percentage was calculated, 

with a linear regression model created to measure the relationship between distances from 

archaeological sites (independent variable) and the pyrophytic percentage (dependent variable). 
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Results 

All of the interpolated relationships show a negative, linear relationship (Table 8) (Figure 

22). However, only the relationships between buffer zones incorporating all of the archaeological 

sites and the interpolated pyrophytic percentage showed a statistically significant relationship 

with a p-value <0.05. 

Table 8. Interpolated pyrophytic percentage means for the various buffer zone sizes. 

All of the non-interpolated relationships show a negative, linear relationship (Table 9) 

(Figure 22). However, only the relationship between the dissolved buffer zones incorporating all 

of the archaeological sites and the raw pyrophytic percentage showed a statistically significant 

relationship with a p-value <0.05, similar to the interpolated pyrophytic percentage relationships. 

Zones All Sites 

Dissolved 

Mean 

All Sites 

Overlapping 

Mean  

Habitation Sites 

Dissolved  

Mean  

Habitation Sites 

Overlapping  

Mean  

1 km Buffer 94.53 95.44 96.87 96.76 

2 km Buffer 94.15 95.44 94.90 94.68 

3 km Buffer 94.08 94.90 94.31 93.87 

4 km Buffer 93.93 94.55 94.77 94.50 

5 km Buffer 93.97 94.50 95.25 94.93 

p-value 0.04511* 0.02174* 0.3446 0.3273 

Adjusted R2 0.7145 0.8212 0.05933 0.08336 

Slope 

coefficient 

-0.13 -0.29 -0.34 -0.38

y-intercept 94.53 95.85 96.23 96.10 

F-statistic 11.01 19.37 1.25 1.36 
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Table 9. Raw pyrophytic percentage means for the various buffer zone sizes. 

Zones All Sites 

Dissolved 

Mean 

All Sites 

Overlapping 

Mean 

Habitation 

Sites 

Dissolved 

Mean 

Habitation 

Sites 

Overlapping 

Mean 

1 km Buffer 94.09 95.27 97.65 98.33 

2 km Buffer 93.76 95.70 95.24 95.29 

3 km Buffer 93.70 94.83 93.91 93.19 

4 km Buffer 93.43 94.36 95.03 94.70 

5 km Buffer 93.21 94.23 95.68 95.19 

p-value 0.002026* 0.05067 0.4131 0.3046 

Adjusted R2 0.9624 0.6927 -0.02599 0.1163 

Slope

coefficient

-0.21 -0.34 -0.42 -0.69

y-intercept 94.27 95.90 96.75 97.40 

F-statistic 103.4 10.02 0.90 1.53 
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Figure 22. Linear regression models showing pyrophytic percentage within the buffer zones 

ranging from 1 to 5 km. 
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Methods: Hickory Percentage at Varying Distances from Sites (H02, HA2) 

I analyzed the percent of hickory trees located within varying distances of the 

archaeological habitation sites. This was done by creating a spatial join between the center trees 

and the dissolved and overlapping buffers around the habitation sites at 1, 2, 3, 4, and 5 km. In 

the attribute column of the center trees, there was a column containing the total number of trees 

in the cluster and another column containing the number of hickory trees in the cluster. After the 

spatial join was created, the percent of the trees was calculated for each buffer. A linear 

regression model was then created using the percentages (dependent variable) within the varying 

distances (independent variable).  

       The hickory percentage out of the total trees within the dissolved buffers displayed 

 

Table 10. Hickory percent for various buffer sizes around habitation sites. 

Zone Habitation Sites 

Dissolved 

Hickory Percent 

Habitation Sites 

Overlapping 

Hickory Percent 

1 km Buffer 8.11 7.14 

2 km Buffer 9.63 10.06 

3 km Buffer 8.11 8.25 

4 km Buffer 7.04 7.66 

5 km Buffer 6.66 8.02 

p-value 0.1443 0.8838 

Adjusted R2 0.4167 -0.3222

Slope coefficient -0.55 -0.06

y-intercept 9.56 8.42

F-statistic 3.86 0.03

Results 

negative linear relationships that were not statistically significant within the dissolved or 

overlapping buffers (Table 10) (Figure 23). 
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Figure 23. Linear regression models showing hickory percentage within the buffer zones 

ranging from 1 to 5 km around the habitation sites. 

 

Methods: Site Density in Comparison with Fire-Adapted Trees (H03, HA3) 

Another method to examine the relationship between the Native American sites and the 

witness trees was to create a point density raster out of the Native American archaeological site 

point data. Using the Extract Multi Values to Points tool, the values of the pyrophytic and non-

forest rasters were extracted from the archaeological site density points. The values of the 

interpolated pyrophytic and non-forest rasters were then compared to the archaeological site 

density value in a linear regression model in RStudio. 

This method was useful because the site density was not fractured and the created data 

were continuous, as opposed to the fishnet polygon that was later created. Additionally, while the 

buffers took distance from the sites into account, the density takes into account how many people 

were living in a certain area, i.e., the more people who lived in the area, the higher the expected 

impact on the surrounding vegetation. 
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A limitation with using this method is that there is a high sample number of 44,125 with 

the sample size being the number of cells (each was 127.7508192 m by 127.7508192 m) in the 

raster data. This number could be adjusted by adjusting the cell size of the raster data. The size of 

the raster data was determined by the default setting of the IDW interpolation. Another limitation 

of this method is that it assumes the sites were occupied at the same time when in fact most of 

them dated to a long time before the 1820 survey. Even if they were unoccupied in 1820, 

however, they indicate which areas had a history of human use.  

The density of the Native American sites (independent variable) is compared to the 

pyrophytic percentage (dependent variable) of the trees for the following reasons: the buffer 

method extends the study area, additionally the size of the study area puts the buffer method at a 

slight disadvantage when comparing radii to past studies, density acknowledges that there are 

surrounding Native American sites, and density puts into account that the more people/sites in 

the area then perhaps the higher use of fire is present. 

 

Results 

 The pyrophytic percentage raster and the Native American site density showed a p-value 

<0.05, however the linear model was not a good fit according to the adjusted r2 value of 

0.007237 (Table 11). 
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Table 11.  Linear relationship between the interpolated pyrophytic percent raster and the 

Native American site density points. 

p-value 0.000 

Adjusted R2 0.007237 

Slope coefficient 35.19 

y-intercept 33.92 

F-statistic 32.95 

 

Methods: Site Density, Fire-Adapted Trees, Terrain (H04, HA4) 

Finally, a 4x4 km2 polygon fishnet was created to divide up the landscape. This size of a 

fishnet polygon was chosen because the size was similar to the 6x6 km2 grid created by Black et 

al. (2006). This size was chosen over a 5x5 km2 because the 5x5 km2 seemed too large for the 

Rabun County study area. 

 Once these zones were created, the Zonal Statistics as a Table tool was used to find the 

values for: PyroPerInterp, OpenPerInterp, PyroPerRaw, OpenPerRaw, ElevMean, ElevRange, 

NADens. Linear regression models were then created in RStudio to analyze their relationships. 

 Dividing the landscape via a polygon was advantageous in that there were clear zones in 

which to analyze the variables. Additionally, there were 63 of the gridded zones once they were 

created; this number is much lower than the 44,125 points which was the sample size when 

creating the point density data. A limitation to dividing the land into the gridded zones is that the 

density of the sites is fractured by the arbitrary boundaries.    
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Results 

 The linear relationships which displayed a statistically significant p-value of <0.05 were 

the ElevMean with PyroPerRaw and NADens as well as ElevRange with PyroPerInterp, 

PyroPerRaw, and NADens. These linear relationships were positive and weak relationships. All 

other relationships were shown to not be statistically significant (Table 12) (Figure 24). 

In the created grid of the study area, several variables were compared. The linear 

relationships which proved to be statistically significant were ElevMean and PyroPerRaw, 

ElevMean and NADens, ElevRange and PyroPerInterp, ElevRange and PyroPerRaw, and 

ElevRange with NADens. When looking at these relationships, one difference that can be seen is 

that ElevMean and PyroPerInterp did not prove to be a statistically significant relationship while 

ElevMean and PyroPerRaw did. This finding shows that the interpolated data produced a 

different result from the data that was not interpolated. Out of these relationships, the 

relationship with the highest adjusted R2 was ElevRange and PyroPerInterp at 0.3006, an overall 

weak R2. 

Table 12. Linear regression results from grid.  

x y p-value Adjusted R2 Slope 

coefficient 

y-intercept F-statistic 

NADens PyroPerInterp 0.05235 0.04492 13.33 85.78 3.92 

NADens PyroPerRaw 0.05689 0.04273 15.94 83.65 3.77 

NADens NFPerInterp 0.5612 -0.01074 1.25 5.49 0.34 

NADens NFPerRaw 0.2635 0.004393 2.32 4.64 1.27 

ElevMean PyroPerInterp 0.07984 0.03386 0.03 70.46 3.17 

ElevMean PyroPerRaw 0.008734* 0.09279 0.05 54.09 7.34 
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Table 12. Continued. 

 

x y p-value Adjusted R2 Slope 

coefficient 

y-intercept F-statistic 

ElevMean NFPerInterp 0.2524 0.005374 -0.006 9.63 1.34 

ElevMean NFPerRaw 0.8929 -0.01609 -0.0007 5.68 0.02 

ElevMean NADens 0.03773* 0.0536 0.0006 -0.15 4.51 

ElevRange PyroPerInterp 1.973e-06* 0.3006 0.07 65.21 27.65 

ElevRange PyroPerRaw 0.0002516* 0.1855 0.06 64.45 15.12 

ElevRange NFPerInterp 0.6057 -0.01193 -0.002 6.70 0.27 

ElevRange NFPerRaw 0.4397 -0.006413 0.004 3.97 0.60 

ElevRange NADens 0.001208* 0.1452 0.0009 -0.06 11.53 
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Figure 24. Linear regression models showing the relationships within the created grid of 

the study area. Statistically significant relationships are ElevMean with PyroPerRaw and 

NADens and ElevRange with PyroPerInterp, PyroPerRaw, and NADens. 

 Outliers were noticed on three of the scatterplots: PyroPerRaw with ElevMean and 

ElevRange along with PyroPerInterp with ElevRange (Figure 24). On the scatterplots with 

PyroPerRaw, outliers were identified using the identify function in RStudio with the same 

outliers: the grid cells with the identifiers 0, 9, 17, 25. For the scatterplot with PyroPerInterp, the 
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identifiers removed were 9 and 62. Table 13 and Figure 25 show the results of the linear 

regression models without the outliers. 

 With the removed outliers, two of the three relationships continued to have a p-value < 

.05: ElevMean and PyroPerRaw, along with ElevRange and PyroPerInterp. Only the relationship 

between ElevMean and PyroPerRaw proved to have an increased adjusted R2 with the significant 

p-value (Table 13) (Figure 25).   

Table 13. Linear regression results from grid with removed outliers. Gray highlighting 

indicates p-values <0.05. 

x y p-value Adjusted 

R2 

Slope 

coefficient 

y-intercept F-statistic Stronger 

without 

outliers 

ElevMean PyroPerRaw 0.003877* 0.1221 0.02 80.90 9.07 Y 

ElevRange PyroPerRaw 0.1628 0.01694 0.01 89.89 2 N 

ElevRange PyroPerInterp 0.0002686* 0.1895 0.03 81.82 15.03 N 
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Figure 25. Linear regression models showing the relationships within the created grid of 

the study area with removed outliers. 
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DISCUSSION 

 The majority of the trees in Rabun County in 1820 C.E. were Quercus, Pinus, Castanea, 

and Carya. The finding of Quercus being a dominant species in pre-European settlement forests 

is most similar to the witness tree papers focused in Queen County on Long Island and the 

Manhattan Prong of the New England Upland in New York (Greller 1972 and Loeb 1987); the 

coastal plain, northeastern lowlands, a portion of the Reading Prong of the New England Upland, 

and northwestern portions of New Jersey (Russel 1981 and Loeb 1987); the Allegheny Front, 

Ridge, and Valley in Centre County and the Allegheny Plateau region of southwestern 

Pennsylvania (Abrams & Downs 1990 and Abrams & Ruffner 1995); northwestern Indiana 

(Rohr & Potzger 1951 and Finley & Potzger 1952); the southeastern portion of Ohio on the 

Allegheny Plateau (Dyer 2001);  eastern Iowa (Dick-Peddie 1953); Clark, Boone, and Dade 

counties across Missouri (Howell & Kucera 1956), Montgomery and Sumter counties in 

southern Alabama and the Talladega Mountains in east-central Alabama between the piedmont 

and ridge and valley areas (Jones & Patton 1966 and Rankin & Davis 1971); the Konza Prairie in 

northeast Kansas (Abrams 1986); the Illinois Ozark and Shawnee Hills region (Fralish et al. 

1991 and Fralish & McArdle 2009); the Mammoth Cave National Park area in Kentucky 

(McEwan et al. 2005); the Central Appalachian Ridge and Valley in Virginia (Flatley & 

Copenheaver 2015) and Baldwin County in the southeastern piedmont in Georgia (Cowell 1995). 

Pinus as an abundant species is also consistent with the Georgia study (Cowell 1995). These 

abundant species are known to be shade intolerant (Burns & Honkala 1990) with their historical 

presence being attributed to fire as a disturbance (Abrams 1986 and Cowell 1995).   
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The greater abundance of the red oak subgenus than the white oak subgenus in Rabun 

County contradicts Abrams’s (2003) idea that white oak dominated the landscape before 

European settlement. Abrams (2003) noted that white oak is more fire-tolerant than red oak, and 

that the frequency of white oak has declined following European settlement. The white oak 

domination hypothesized by Abrams (2003) referred to the large area of the eastern United States 

including the Northeast, lake states, the mid-Atlantic region, the South, and the Southeast. 

Abrams 2003 discussed not having as much information on the South and the Southeastern 

regions.  

My study with a higher count of red oak is similar to Cowell’s (1995) results for Baldwin 

County, Georgia. In Rabun County, there is a low percentage of chestnut oak (Quercus prinus) 

and post oak (Quercus stellata) from the white oak subgenus. Both of these species are relatively 

more xerophytic than other oak species (FEIS), and chestnut oak is abundant over many of the 

upper and middle slopes across much of the Appalachian Mountain region (Whittaker 1956). 

Whittaker (1956) found that northern red oak-chestnut forests include submesic trees such as 

Acer rubrum, Prunus serotina, Betula allegheniensis, and Fraxinus americana. Northern red oak 

is a dominant species in the high elevations of the Appalachian forests (Stephenson & Adams 

1989). Stephenson and Adams (1989) propose that upland communities in the high elevations of 

the Blue Ridge and Ridge Valley region of western Virginia were dominated by northern red 

oak, and that dominance has grown greater with the decline of chestnut. The prevalence of red 

oaks over the xerophytic white oaks in Rabun County may reflect the wet climate of Rabun 

County. In the center of Rabun County in Clayton, Georgia, the mean annual precipitation is 

1779 mm (PRISM 2020). In the Piedmont in Charlotte, North Carolina the annual precipitation is 

1097 mm (PRISM 2020). In the Allegheny Plateau in the southwestern region of Pennsylvania 
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near the Friendship Hill National Historic Site, the annual mean precipitation is 1051 mm 

(PRISM 2020). The wetter climate in the Rabun County might favor the red oak subgenus for 

two possible reasons: 1) the higher productivity favors the faster-growing red oaks and/or 2) 

moist conditions means lower fire frequency or lower fire intensity compared to drier 

environments. 

The prevalence of pyrophytic over mesophytic taxa further suggests that fire played a key 

role in historical Rabun County, Georgia. The dominating presence of pyrophytic tree species 

agrees with the understanding that frequent fire occurred in the southeastern United States before 

European settlement (Abrams 1992, Cowell 1995, Delcourt & Delcourt 1998, Nowacki & 

Abrams 2008, Lafon 2010, and Noss et al. 2015). In addition to occurring frequency, these fires 

may have been spatially extensive and not confined to small parts of the landscape, as shown by 

the pyrophytic spatial arrangement.  

Non-forest witness trees made up a small percentage of the points, however the presence 

of these points is still noteworthy. In past studies located in Indiana (Rohr & Potzger 1951 and 

Finley & Potzger 1952), posts and stakes have been interpreted as prairies. Although in my study 

I have left these points open to interpretation, it is possible that they represent grassland openings 

that were maintained by frequent burning (Pyne 2017). If woody encroachment has recently 

appeared in these areas, this would also fit into the narrative of fire-maintained openings that 

have disappeared as the fire regime has changed over time (Abrams 1992 and Nowacki & 

Abrams 2008). 

In Rabun County, it appears that pyrophytic species were dominantly distributed across 

the landscape. The eastern portion of the study area is within the Chattooga River Watershed 
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with tributaries flowing from west to east. In this region, pine (Pinus) seems to be evenly 

distributed while chestnut (Castanea) and hickory (Carya) do not have as strong a presence. The 

tributaries flowing west to east create north and south-facing slopes. Possibly, the pines preferred 

the drier south-facing slopes created in this watershed, which would be similar to the south-

facing slopes in the Smoky Mountains in Tennessee (Whittaker 1956). 

The finding of a negative linear relationship between all archaeological sites and the 

pyrophytic percentage aligns with the idea that there are more pyrophytes around archaeological 

sites and therefore more fire occurrence there compared to further away from the sites. However, 

when looking at the values used in the linear model, the greatest difference between the 1km 

buffer and the 5km buffer was no more than 2%. So, although there is evidence of human 

influence on the forested vegetation with a higher pyrophytic percentage closer to the sites, the 

human influence appears to have been weak. Stronger relationships between Native American 

settlements and pyrophytes have been found in northern regions in the Allegheny Plateau in 

Pennsylvania (Black et al. 2006) and portions of the Erie Lowland and Allegheny Plateau in 

Chautauqua County, New York (Tulowiecki and Larsen 2015). 

 The lack of relationship between hickory (Carya) percentage at varying distances from 

habitation sites does not support the hypothesis that Native Americans in this area settled near or 

managed hickory trees in this region. This finding is surprising because Hudson (1976) strongly 

states that hickory is a staple in the Southeastern Native American diet. An explanation for this 

lack of statically significant relationship could be that Native Americans were willing to travel 

further than 5 kilometers for hickory nuts. Alternatively, hickory may have been widely available 

and common enough so that there was no need for cultivation. In Cowell (1995), hickory made 

up 10.1% of the witness trees. Whittaker (1956) also found that hickory species were common in 
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the Great Smoky Mountains on submesic sites, which were covered with oak-hickory forests and 

red oak-chestnut forests.  

The weak relationship between ElevRange and PyroPerInterp suggests that with 

increased elevation range, i.e., an increased averaged slope in the grid cell, there was an increase 

of the interpolated pyrophytic percentage. This positive relationship may reflect the wider variety 

of topographic positions for each grid area. The terrain in these areas may have an abundance of 

xeric ridgetops and south-facing slopes, enhancing the environment for drought-intolerant plants 

(Taylor & Skinner 1998 and Flatley et al. 2011). Fire may have also spread more rapidly in the 

locations with a higher slope (Rothermel 1983) and may have also increased the spread of 

pyrophytic species. Overall, however, strong statistically significant relationships were not 

apparent within the created grid of the study area.  

A limitation which could have influenced this study’s results is the spatial extent of the 

county, especially when considering the size of the buffered areas in objective two. The buffer 

zones could have been able to cover a larger distance similar to Tulowiecki and Larsen (2015) 

proposed distance for Native American influence on forests of up to 15 km. The area of this site 

is 720 km2, a study area considerably smaller than the 7,100 km2 (Thomas-Van Gundy & 

Nowacki 2013), the 2,050 km2 (Tulowiecki & Larsen 2015), and the 2,300 km2 (Cowell 1995) 

areas of past studies. If the spatial extent of this study area had been expanded, the landscape 

might have appeared more heterogenous. However, even within its bounds, Rabun County 

includes substantial topographical heterogeneity, especially where tributaries of the Chattooga 

River have dissected the terrain in the eastern half of the area. Additional terrain heterogeneity 

exists in terms of terrain orientation, with the western half of the county oriented north to south, 

while the eastern half is oriented from west to east.  
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Additionally, the Southeast differs from the Northeast by having better conditions for 

frequent burning. The Southeast’s climate conditions consist of high rainfall and high 

temperatures which allow for large fuel load production. The fuel then has more time to dry 

because of the relatively long dry spells between heavy, infrequent rainfall events and the high 

potential evapotranspiration from the warm temperatures (Lafon & Quiring 2012). Past studies 

(Black et. al 2006 and Tulowiecki & Larsen 2015) have been conducted for landscapes in the 

northeastern United States, where the cool, moist climate favors mesophytic species such as 

Fagus and Acer over most of the landscape.  In these locations, relationships between human 

settlements and pyrophytic plants might be more apparent. The possibility of lightning playing a 

strong role would also agree with Noss et al. (2015) that lightning had a significant influence on 

the vegetation development. The climatic conditions of the Southeast influence a positive 

feedback cycle by encouraging a more flammable landscape and leading to more pyrophytic 

plants. These plants would then encourage the spread of fire which would prime the landscape 

for pyrophytic plants (Harrod et al. 2000).  

The relatively homogenous pyrophytic landscape also may indicate that fires commonly 

grew to large sizes, spreading widely from their ignition points to cover large swaths of terrain, 

For example, from these data, we can realize that regardless of the Native American site 

locations, there were trees adapted to fire across the landscape. Fires could have spread from the 

agricultural fields in the floodplains or smaller camps in the higher elevations to cover 

widespread areas. The coverage of pyrophytic trees across all elevations agrees with the 

suggestion by Lafon et al. (2017) that fire could have spread from the lower and warmer 

locations to the higher elevations and ridges. The widespread placement of pyrophytic trees gives 

the possibility that if humans did influence the vegetation through fire, then the spread of fire 
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would have been vast. This spread of fire would have been encouraged by the feedback of fire 

occurrence and pyrophytic adaptations (Nowacki & Abrams 2008).  
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CONCLUSION 

 The historical land surveys from 1820 show that Rabun County had an overwhelming 

majority of pyrophytic trees across the landscape. This majority resulted in an interpolated 

pyrophytic percentage layers with little heterogeneity, which in turn resulted in the weak and few 

statistically significant relationships between the trees and the Native American settlements.   

 From these surveys, we have learned that the majority of the trees were pyrophytes with 

Quercus, Pinus, Castanea, and Carya as the most abundant species. The red oak subgenus 

outnumbered the white oak subgenus, a finding that is becoming a trend in Georgia studies 

(Cowell 1995). This majority of red oaks in historical data clashes with findings of majority 

white oak (Quercus alba) in the northeast (Abrams 2003). The large pyrophytic majority shows 

that fire occurred frequently across the landscape. This paper answers the questions of which tree 

species dominated the landscape before European settlement. Fire is inferred to have been an 

important process in this southern region of the Blue Ridge Mountains. However, it is still 

unknown whether fire burned frequently due to lightning or humans.  
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