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CHAPTER |

INTRODUCTION

Schweinitz’'s SunflowerHelianthus schweinitziis one of the rarest species in the
nation. It is a perennial that belongs to a large genus of the Aster famhihaarbeen on
the US Fish and Wildlife’s federally endangered list since June of 1991. It is endeani
small region of the Carolina Piedmont and is generally found within a 60-100aahiles r
around the Charlotte area, most specifically the lower Piedmont of southtdémith
Carolina and north-central South Carolina (US Fish and Wildlife, 1994). This are# is par
of a rare and endangered piedmont prairie ecosystelianthus schweinitzis
threatened by development, encroachment of exotic species, highway construction and
maintenance, roadside utility right-of-way maintenance, the loss of hiwsals of
natural disturbance, i.e., fire, grazing by native herbivores, and by old-fieldssimn
(US Fish and Wildlife, 1994). The species was named after Lewis David von Sithweli
in 1842. Schweinitz was a clergyman from Salem, North Carolina and wasalfiesh
the founder of American mycology because of his 1818 published work on fungi in North
Carolina.

Once scattered throughout the Piedmont region of the southeast, the Piedmont
prairie ecosystem is now found only in disturbed sites such as roadsides, railway or
power line right-of-ways, and field margins. The Piedmont prairie, which has wméerg
great physiographic changes, was once a large expanse of prairie andaspgn g
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savannas, instead of the commonly believed dense forests. There were occasienal t

but grasses, broomsedge, forbs and sunflowers dominated these open pockets. Many of
these same plant species exist in shortgrass and tallgrass praucedjke those found

in the Midwest today (Davist al, 2002). DNA sequence analysis studies and the

species’ morphological and molecular distinctiveness suggests the possiatlityet

lineage ancestral tdelianthuswas restricted to an area within the extreme southeastern
US, occupying a relatively narrow geographic region with subsequent digerge

occurring from there (Schillingt al, 1998). Matthews and Howard (1999) speculate that
Helianthus schweinitzexisted as one or several large contiguous populations across the
species’ range with human settlement fragmenting the population.

Early European explorers found prairie landscapes in the Piedmont of North
Carolina and South Carolina. Between the 1500’s and the 1850’s, many credible
observers described the occurrence of prairies and extensive savannas &relvaasv
used by Native Americans on the grasslands (Lorimer, 2001; Helms, 2000). These
Piedmont prairies or savannas were mentioned by Hernando DeSoto (1540’s), John
Lederer (1670), in the 1700’s by Guillaume DeLisle, John Lawson, and Mark Catesby
(Daviset al, 2002). This type of landscape was historically managed by fires, both
natural and anthropogenic (Daesal, 2002; Helms, 2000). Native Americans
maintained the open expanses for agricultural purposes, travel, and to improve hunting by
enticing local game, like bison, elk, and deer to the open grassland ébal/j2002,

Helms, 2000; Lorimer, 2001). In some cases, grassland fires were usedgarherohto

a central location so that hunters could easily kill and prepare their game (L. &00#).



Many of the Native American tribes in the piedmont prairie were agriallijlvased and
several local plant species served as a food sadaetenthus schweinitziwhich has a
tuberous root much like the Jerusalem artichékadiénthus tuberosysis edible and
could have been ‘farmed’ or traded with neighboring tribes (Detvad, 2002; Matthews
& Howard, 1999).

The species may have simply taken advantage of the disturbed areas along the
numerous trading or animal pathways that crisscrossed the region, or the open canopy
areas that were created and maintained by fire. Rather than cleavipgths, early
explorers and traders from the early 1700’s on, simply followed the “savanna-like
warrior’s path created by Native Americans” or the well traveled artnaiéd (Helms,

2000, page 738).

These open, grassy prairie lands began disappearing with the arrival of the
Europeans. Early settlers coveted these open areas for their homegieanfiepastures
and forcefully took possession of them from the Native Americans. As the pragres w
converted and the bison disappeared, prairie plant species also began to disappear.
However, there is still evidence of these historic piedmont prairies fropetestence of
prairie flora that exists primarily in right-of-ways, road sides and fighrgins. Many of
these remnant prairie plant species are genetically related, mogdigeérsed from a
central location. Other research has shownHadinthus schweinitzis not affected by
translocation and that many of the populations are genetically veryyctetsted (Davis

et al., 2002) which further supports dispersal from a common population.



DocumentedHelianthus schweinitzsites tend to be sunny or semi-sunny, on
poor soils, and open habitat. Another common aspddelidnthus schweinitzgites is
their occurrence in landscapes of subdued topology like upland interstream flats and
gentle slopes (US Fish and Wildlife, 1994). Variation in the textural compositithe
soil and topography leads to distinct differences in water availabilitgrtoigate seeds.
The number of individuals that become established in a model population is a function of
the number of suitable microsites provided on the soil surface while the maximum
population size is determined largely by the physical environment. Soil typesl¢bat
general vigor and productivity of plants (Rayeahl, 1973). Any of these characteristics
may prove to be a critical factor in the location of the plant. Often specragiaion
can be made accurately with only knowledge of the soil type and its genegedpjeic
location (Thompsoet al, 1981). Geology and soils appear to be important determining
factors in the occurrence bielianthus schweinitz{US Fish and Wildlife, 1994). Since
Schweinitz’s sunflower seems to prefer grassy open areas with shallovopsoutdity
and highway right-of-ways, old fields and field margins are the most like§sao find
the few known remaining populations.

In order to protect and possibly discover additional populatiohkelénthus
schweinitzij it is vital to understand not only the species’ unique habitat requirements,
using physical habitat attributes like soil properties, slope, aspect,i@e\atd distance
from rivers or streams, but also historical changes in the landscape. Lattluse
environmental changes have a significant impact on the spatial distribution anerfang t

dynamics of many rare species. A species’ spatial distribution résuttscomplex



interactions between geological history, climatic influences, humansraméls both

past and present (Lavergme,al, 2005). Historic maps, images, and primary sources can
provide a backdrop or overlay for contemporary spatial data analysis and may hold an
important key to understanding the species. A Geographic information systepaf@IS

a variety of data types (i.e., archaeological, historical sources,ls@dtien) can be used

to study, visualize, and understand the endangered species and the landscape through
time and space (Wilson, 2001). Biotic attributes, along with historic changefurttasr

our understanding of the spatial dispersal and variability (or lack of varialoiditie
sunflower’s ecosystem and provide a systematic way of locating additionaapopsil

The goal of this paper is to find relationships between various biological, ecdlage

anthropogenic attributes and the spatial distribution of Schweinitz’s sunflower



CHAPTER Il

METHODS AND DATA

GIS Data Sources

The literature review on thdelianthus schweinitziyielded both obvious and
potential data source needs for spatial analysis of the species, for examyhecotec
sunflowers exist only in the Piedmont regions of south central North Carolina and north
central South Carolina in a region dominated by two geological belts frequenilyingc
along roadsides or open areas. Other species studies include analysis amneksadict,
and distance to rivers or streams. Also frequently mentioned was the paondioiace
that Native Americans had on the distribution of the species. The primaa@&S
sources used for this paper are summariz8abie 1 Most of the data sets were already
projected in NAD83, North Carolina state plane coordinate system (Lambert cahform

conic). Those that were not, were re-projected.



Table 1: Data sources

Typeof Data | Source Contact/URL
Archaeological | NC Office of Delores Hall, Deputy State Archaeologist
data elements | State Matt Wilkerson, DOT Archaeologist
for Randolph Archaeology
County (point, | (NCOSA),
line, polygon) | NC Dept. of
Transportation
Helianthus North Carolina | Suzanne Mason, Environmental Biologist
schweinitzii Natural Heritage
element Program (a
occurrences; division of NC
(point, line, Dept. of
polygon) Environment and
Natural
Resources)
Railroads: NC Dept. of www.ncdot.org/it/gis/DataDistribution/default.html
1:24,000 & Transportation
1:100,000
Primary and
secondary roads
1:24,000
1:100,000
Soil shape files | NC One Map & | www.nconemap.com and
1:250,000 US Department | soils.usda.gov/survey/geography/
of Agriculture
Slope and NC One Map www.nconemap.com
Elevation
80ft. x 80ft. cell
Streams & NC One Map www.nconemap.com
Rivers
1:24,000




Species Sites

The North Carolinddelianthus schweinitzgite specific (element occurrences)
GIS data includes extant, destroyed and historic populations contained in point, line and
polygon shape files. Most of the element occurrences are noticeably coteckaloag a
natural corridor running through the Piedmont, namely Anson, Cabarrus, Davidson,
Gaston, Mecklenburg, Montgomery, Rowan, Randolph, Stokes, Stanly, Surry, and Union

counties Figure 1).

Figure 1: North Carolina counties with occurrences of Helianthus schweinitzii

Spatial patterns are the result of physical and cultural-human prodessiseske
place on the earth’s surface and describing these patterns provides an opgortunity
explore and identify underlying spatial processes (Wong and Lee, 2005). Satiaah
analysis can be used with the sunflower data to quantify and identify then dttiee
plants which may further refine our understanding of the unique ecological ggscthat

are occurring (Woodall & Graham, 2004) and help explain these patterns (Ackerman &
8



Murray, 2004). Pattern analysis measures the similarity, or dissimesaoit neighboring
objects, in essence, the magnitude of spatial autocorrelation. This spa&kdtoor is
attributable to the geographic ordering or locations of the object and measuring the
significance of it is essential before additional statistical arsaly conducted (Wong and
Lee, 2005).

The point shape file was analyzed using nearest neighbor distance to determine
whether the point data were clustered or random. The analysis indicaté® thaint
data are clustered with a significance level of 0.01 and a critical val@es8fFigure 2
meaning that there is a less than 1% likelyhood that the clustered point pattéine was

result of random chance. The points exhibit a general southwest to northeast tendency

(Figure 3.

5 Awverage Mearest Neighbor Distance SR X

Observed Mean Distance / Expected Mean Distance = 0.38
Z Score = -13.94 standard deviations
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Figure 2: Nearest Neighbor Distance Statistics in ArcGIS
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Figure 3: Directional tendency of the point data

According to O’Sullivan and Unwin (2003), there are two approaches to
describing point patterns, point density and point separation. Point density méasures
first order property of the points. Point separation (distance based) measares@eer
effects. In distance based approaches, interactions between locationsiéwel loalation
are important (O’Sullivan & Unwin, 2003). Nearest neighbor distance statisficst, a
order statistic, is the simplest distance based method (Anselin, 2003). latzddhke
distance between points and uses the distribution of these nearest neighbor dstances t
determine if the points are clustered or dispersed. If this value, calledattesteeighbor
index, is small, then it suggests the points are clustered. If it is largggests the points
are dispersed or random (Anselin, 2003). The nearest neighbor index is the ratio of the
observed mean nearest neighbor distance to the mean random distance. Genéually a va

less than 1 suggests clustering (Anselin, 2003). Point pattern analysis helpsngeife
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the observed spatial pattern is the result of specific spatial, natural cpoityical
processes. The data appear to be clustered with a southwest-to-northeasty temdzh
is important information to know as the analytical process progresses andiyeedict
models are created. Preliminary cluster analysis can provide valuabi@ation in the
initial stages of indentifying the underlying natural and/or anthropologioakpses
influencing the pattern of spatial distribution.

Soil and Soil Properties

Soils result from older processes and events and indicate interactions between
climate and landcover over hundreds, even thousands of years, so the current location of
a species or vegetation type does not always indicate the long term or popetigl s
pattern of its ecosystem. A soil’s classification is based upon known ecolpgicakses
and is not explicitly linked to the current landcover. Magtrgl, (1999) believe that the
US soil classification can be used to predict the spatial distribution ofeéhesht
ecosystems because the resulting soil maps inherently incorporate codrérgtaric
vegetation, landcover and ecosystem information. Soil based models assume soils have
developed in response to similar spatial and long term temporal gradients of eshaphic
landcover types (Manmet al, 1999).

Soils and their properties have a great influence on a society’s cultuceltagai
regimes, and its economic markets (Helms, 2000). A soil’s value may changemaver t
as technological advancements are implemented. Understanding the thechica
physical properties of soils and how they have historically influenced the piedmont

region may give further insight on the current spatial distribution dfitt@anthus
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schweinitzii The piedmont region is dominated by ultisols, as is much of the state, with
parallel areas of alfisols dissecting the central piedmont. Alfiselbase rich soils

derived from rocks rich in bases and produce superior grasses (typical of those found in
the Midwest and Kentucky) compared to the surrounding ultisols which are low in bases
and are limited at supporting natural grasses (Helms, 2000). There are dlsreasaf
inceptisols dotted among the alfisols and ultisols. Inceptisols are often foundyn fa

steep slopes, young geomorphic surfaces, and on resistant parent matesials, m
noticeably in the mountainous regions of NC. Inceptisols found in the eastern US support
mixed or hardwood forest but can be cleared and used as cropland or pasture (USDA,
2007).

The soil data were prepared using the SSURGO database template with
instructions provided on the Natural Resources Conservation Service’s (NRCSbeweb s
The state soil shape file was brought into ArcGIS and the attribute datiageb the soil
shape files were consolidated into a solil attribute table using the SSUR&dd%
Relationships documentation also found on the NRCS's site at
http://soildatamart.nrcs.usda.gov/ISSURGOMetadata.aspx. The component armhchoriz
SSURGO tables were joined with the soil shape file attribute tadlidiryg among other
things the soil’'s composition name, order name, and the representativeltéelag/si

percentages for all soil types in North Carolina.

12



Alfisols, Inceptisols, and Ultisols of NC

Soil Order

[ | Affisols
- Inceptiso
[ ] uttisols

Figure 4: Alfisols, Inceptisols, and Ultisols of North Carolina.
Note the parallel segments of alfisols (green) running from southwest to northeast
through the Piedmont as noted by Helms (2000).

A map displaying the distribution of alfisols, inceptisols, and ultigeéigufe 4

was created and théelianthus schweinitzeélement occurrences were used to determine

the number of sites in each soil ordeigure 5.
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Element Occurrences per Soil Order

Alfisol, 17, 11%

Figure 5: Number of sunflower element occurrences per soil order.
Of the 159 element occurrences, 110 or 69% were located in ultisols

TheHelianthus schweinitzsite point, line, and polygon files and the soil shape
file were queried using a query by location (i.e., sites intersectihtypes) to produce
data relating to the sites. These data were sorted and yielded theesod@nposition
names; Enon, Goldston, Herndon, Hiwassee, Iredell, Pacolet, Tallapoos, Tatum,

Wedowee, White Store and Wilkdsigure 6).
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Soils containing a sunflower element occurrence

Soil Composition Name

- Enon I:l Tallapoos
] l:l Goldston l:l Tatum

- Herndon I:l Wedowee
B tivassee [ ] White Sto
B recen [ wikes
|:| Pacolet

0 125 25

Figure 6: Soils containing documented sunflower element occurrences.
Soils include: Enon, Goldston, Herndon, Hiwassee, Iredell, Pacolet, Tallapoos, Tatum,
Wedowee, White Store and Wilkes

An extract file containing sand/silt/clay percentages for the soils dhédioed a
Helianthus schweinitzelement occurrence was created. A second query was run for
soils that did not containtelianthus schweinitzelement occurrence. Both data sets
were combined, and duplicate records removed. A record was considered unique based
on the soil composition name, and sand, silt, clay percentages. A soil composition name
may appear more than once if its sand/silt/clay percentages werertiffEine new data
file contained all soil types, with representative sand/silt/cldyegawithin the state’s
boundaries and included a designation of O for non-sunflower soils or 1 for sunfltaver si

soils based on prior analysis.
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Since the data analysis compares ‘Sunflower’ site soils and ‘Non-Surifiitee
soils, an analysis of variance was performed. The tab-delimited emtds input and
each record was evaluated to determine if it was a ‘Sunflower’ site &')Nam-
Sunflower’ site (0). A preliminary printout confirmed that the general linezdel
(GLM) procedure would be required because of the unbalanced observations of
sand/silt/clay data between sunflower and non-sunflower soils. The GLVdpreceas
used with Student-Newman-Keuls test and Scheffe’s test to evaluate posélsaad,
silt, clay percentages of site/non-site soils. The number of unique soil typ&8 widse
MEANS procedure was also performed on the data set.

Streams-Rivers, Roads, Railroads, Elevation, and Aspect

Aspect was generated from the 80ft. x 80ft. elevation raster using ArcdSe
data can be used for spatial analysis to determine if they are aref# the
distribution of the sunflower. Powedl als (2005) endangered species study revealed a
correlation with elevation, slope or aspect and the species’ spatial distributicstudiie
also found that 50% of the species occupy sites having an aspect in the southmrly sect
According to the USFWKlelianthus schweinitziavors road and railroad right-of-ways
with the largest plants (5m) located on south-facing railroad right-g&wsbrupt
transitions from oak savannas and prairies have been observed on the south and west
sides of rivers (Lorimer, 2001). Since the species has a strong prairieeasapabrupt
changes in the spatial distribution of the species may also be evident on the south and

west sides of rivers.
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TheHelianthus schweinitzeélement occurrence data layer was spatially joined
with the road, the river-stream, and railroad data layers. Relocated ocvdesdd
element occurrences were removed from the sunflower data for this arfedgause they
would introduce bias, i.e., their locations was pre-determined using scientdogtars.
All naturally occurring sunflower element occurrences, extant and hedtosiere given
all the attributes of the line data including a distance field showing howitleas to
the element occurrence. This would be the distance of the sunflower to tihstnéaen,
road, or railroad. These data can be used for spatial analysis to deteritime if
correlated with the distribution of the sunflower. All distances are in metersaton is

in feet. Aspect was categorized using the followihah(e 2:

Table 2: Aspect translation table

Cardinal Direction Aspect Value Reclassified
Aspect
Flat -1 -1
North 0-22.5; 337.5-360 1
Northeast 22.5-67.5 2
East 67.5-112.5 3
Southeast 112.5-157.5 4
South 157.5-202.5 5
Southwest 202.5-247.5 6
West 247.5-292.5 7
Northwest 292.5-337.5 8

Historic Data — Primary Sources and Maps

Primary sources included John Lawsoft’Blew Voyage to Carolinan account

of his travels through the Carolina’s in the early 1700’s, most notably his traveajlithrou

17



the piedmont of North Carolin&igure 7). He gives detailed information on the places,

the landscape and the inhabitants he encounters. His account supports the exigtence of
piedmont prairie or savannas and trading paths, the Native American tribtdsea

lifestyles including their utilitarian use of fire, and most interggyi a reference to a

“branched sunflower”.
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Figure 7: Lawson's éxploration path through South Carolina and North Carolina.
(A New Voyage to Carolina by John Lawson, H. Lefler, ed., 1967).

Prairie/savannas (A New Voyage to CaroliHal efler, Ed., 1967):

“..we traveled about twenty miles, lying near a savanna..” (page 20)

18



“Next morning, very early, we waded through the savanna..” (page 20)

“..we traveled this day about twenty-four miles over pleasant savanna
ground, high and dry having very few trees upon it” (page 43)

“..we passed by several fair savannas..” (page 23)
“..dry marshes and savannas adjoining to it.” (page 24)

“..several pleasant fields of cleared ground ...now well spread with
fine bladed grass and strawberry vines.” (page 28)

“..abundance of storks and cranes in their savannas..” (page 25)

“..we saw fine bladed grass six foot high, along the banks of these
pleasant riverlets..” (page 43)

“..a sort of savanna-ground that had very few trees in it..” (page 52)

“..other [parts] being savannas or natural meads where no trees grow
for several miles..” (page 80)

Many of these savannas can be roughly pinpointed because of Lawsonisimclus
of location names. For example, Lawson’s reference to Keyauwee and Heaghnaw
called the Uwharrie) places him in Randolph and Montgomery counties. Theserareas a

also in the general vicinity of curreHelianthus schweinitzsites.

“..fifteen miles farther to the Keyauwees..the land is more mountainous
with rich valleys” “passing another stony river.. this is called Heighera
which contained blue stones..” (A New Voyage to Carokhd,efler,

Ed., 1967, page 48)

“Five miles from this river, to the N.W. stands the Keyauwees town”
which is “fortified with mountains” “having corn-fields adjoining to their
cabins and a savanna near the town at a foot of these mountains that is

19



capable of keeping some hundred heads of cattle” (A New Voyage to
Carolina,H. Lefler, Ed., 1967, page 48)

Trading/Hunting/Game Path(s) (A New Voyage to Carolithd,efler, Ed., 1967)

“..took the great trading path from Virginia to Georgia and followed it into
North Carolina as far as Occaneechi village” encountering the Sugeree
Saponi, Keyauwee and crossing several rivers and small streams most
notably at the trader’s ford near the site of Salisbury” "Sapona River
where stands the Indian town and fork) (

“..the path lying there; and about ten o clock came to a hunting quarter of
a great many Santees..” (page 20)

Fire and landscape modification (A New Voyage to Carokhd,efler, Ed.,
1967):

“..where we were very short of victuals, but finding the woods newly
burnt, and a fire in many places, which gives us great hopes that Indians
were not far off.” (page 20)

“..they go and fire the woods for many miles and drive the deer and other
game into small necks of land..” (page 219)

Rostlund (1960) also used primary sources to extrapolate the geographicfrange o
the bison, a species strongly associated with prairies and open grasslarelsr&her

several sources, according to Rostlund (1960) that reference bison in the piedmont areas

of North and South Carolina.
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North Carolina Piedmont

John Lawson (1700’s) “..Toteros...having great plenty of Buffalos..l have
know some [buffalo] killed..” (page 399)

John Brickell (1700’s) “..The buffalo...its chiefest haunts being
savannas..there were two taken alive in the year 1730..” (page 399)

South Carolina Piedmont

Mark Catesby (1722) “..the buffalo, they range in droves feeding in the
open savannas..” (page 399)

Alexander Hewat (1779) “ herds of buffaloes were found grazing in the
savannas..” (page 399)

Rostlund (1960) finds other support for the presence of buffalo in the piedmont
area of North Carolina by looking at place names, for example, Buffalo Waltateld
in the southeast corner of Randolph County and reported by locals to have been a former
buffalo wallow. The decline of the buffalo was caused by several factors, mdsiynota
the fact that there was a decline in an adequate food supply, i.e., the grassl@nds
disappearing because of increasing human settlement and habitat desfRostitumd
(1960) concludes that humans helped prepare and then abandoned an ecological niche
suitable for the bison. Primary source information like this further supporéxistence
of prairies, open savannas and game paths in the same regideltaathus schweinitzii
occupies. It is feasible that the sunflower may have favored the pathwaysethatdn
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utilized. Although it is not a ‘roadway’ per se, it would have been regularly ‘Oestir

by the hooves of the bison. A study by Shinn (1996) on the effects of soil disturbance,
herbivore grazing and rockiness of soilldelianthus schweinitziievealed that soil
disturbance significantly increased the germination rate dighi@nthus schweinitzii.
Disturbance in this study included simply raking the top 3-4cm of the soil or rdiang t
top 3-4cm of the soil and applying a loose layer of quartz river pebbles. While soil
disturbance via raking significantly increased the germination rate, it delgmsticantly
affect seedling survival or plant height. However, there was a sigttificiherence in the
survival rate and height of the sunflower in the soils that were raked and pebbled
compared to those not raked and not pebbled. Soil disturbance appears to clear out
competition allowing thélelianthusschweinitziito germinate and establish itself in the
first year. The pebbles appeared to act as mulch by slowing down evaporatreasuhe
erosion, preventing weeds, and allowing water to enter the soil thus increastiragionf
and soil moisture which allows the sunflower to grow taller. Or the sunflowehmagy
prospered from the fires that were used to keep the grasslands open for the foraging
bison.

Historic maps were downloaded from David Rumsey Map Collection or provided
by NC Office of State Archaeology (NCOSA). Historic maps used fdysisancluded
Henry Mouzon’s 1777 mag-igure 8 and a map generated by Simpkin and Petherick
(1985) based on their research on late aboriginal settlements and historidgratites.
Included on their map, is the Indian Trading Road referenced on Edward Mo44188's

map Figure 9, the Occoneechi Path and the Wilmington Trail both of which were
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researched by William E. Myer in 1928. Because of their physical sizg; ofidhe
historic maps for the state were pieced together, which created a linghotigtortion
running through the middle of the state, affecting counties like Randolph, and

Montgomery.
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Figure 8: Piedmont area of North Carolina with Mouzon mapped trading paths.
(from Mouzon’s 1777 map showing the southern British colonies)
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Figure 9: Edward Moseley's map of 1733 showing the Indian Trading Path.

Archaeological Data

Archaeological site data for Randolph County were supplied by the NCOSA and
NCDOT. These data included all recorded incidents which may or may nettiied
archaeological sites, rather areas of interest awaiting furtbesingh. The data tend to be
biased since federal and state funded projects require archaeologicalstfmliesvork
can begin. A majority of the data was the result of these studies and tenadustéred
in spots, for example, concentrated areas in and around future dam sites, federal
highways, etc. For some areas, there is much data while other areéitlbawveno data
limiting the usefulness. However, the data may reveal large scald splatianships
with topographic features on the landscape @&, 2004). The archaeological layers

(points, lines, and polygons) were joined with the species element occurrencesddta ba
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upon spatial location. The shortest distance between a sunflower site and the potential
archaeological location was determined.

Using Spatial Analysis for Species Predictions

Draperet al, (2003) believe the main factors used to determine the spatial
distribution of organisms are climate, availability of suitable habitapheddactors,
influence of competitors, and historical factors. Since cutletianthus schweinitzii
sites are the result of abiotic and biotic factors, both past and present, utikziSga
analyze the various forms of data is an obvious choice. A comprehensive knowledge of
the species’ biology, ecology and distribution can be used to extrapolate the habitat
requirements and assess spatial relationships among suitable halites pEbe
potential spatial distribution of a species may be predicted by using a set of
characteristics such as climate, soil, slope, aspect, terrain orticayégpe. In
combination, these attributes can provide a set of unique mapping areas thattalign wi
that of the species. However, the present locations ddehanthus schweinitzinay
actually be an artifact of its remaining unaltered habitat ranerrtitan a representation
of its past distribution. The absence of the species in a suitable habitat mayalso ha
meaning. Areas of suitable habitat may be unoccupied due to historical factorsss
fire regimes, low rates of dispersal or elimination of dispersal methodsargedsicale
habitat disturbances (natural and anthropogenic). A simple rule based, noicatatist
model may be an effective tool in locating additional populations of rare specles whi
the development of an environmental envelope for the species will further enaptsanal

vital for saving the species from extinction (Povetlhl, 2005). Identifying the spatial
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patterns of distribution of the species will promote understanding of how humansrthreate
the sunflower (Lavergnet al, 2005). Many physical variables (slope, bedrock,
elevation) can broadly influence plant species distribution on the mesoscalarfmiex
Lavergne et al., (2005) found that unusual bedrock many times supports and isexssociat
with rare or endemic plants. But it is also critical to understand how smal| scal
anthropogenic variables (land use, population & livestock density), can affect the plant
species (Lavergnet al, 2005). If there is a strong relationship between the presence of
an organism and physical or environmental variables, then the prediction of its
distribution may be possible. Draperal, (2003) determined that the distribution of a
species follows an environmental gradient which exhibits a Guassin distnpwith the
optimum preference point for the variable in the center of the distribution and two
marginal limits (upper & lower) on opposite ends. Since the areas occupiepdgiess
are not homogenous and the factors affecting the distribution may diffepfece to
place, a GIS is necessary for analysis of the spatial distribution Betl@thus
schweinitzii

Powellet al, (2005) created a matrix using various attribute ranges of kilown
robustasites identifying the potential habitat probabilities using a designatib+8of
(highest to lowest). Cantamutt al., (2008) used many of the same attributes, but
instead used Shapiro-Wilkes, Kruskal-Wallis nonparametric analysis, ptincipa
component and cluster analysis. Serneels and Lambin (2001) and Apan and Peterson

(1998) use multiple logistic regression (MLR) to estimate the paranfeteas
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multivariate explanatory model because of the dichotomous dependent variable, i.e.,

presence/absence, and independent variables that are categorical or conthmeious. T
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CHAPTER Il

RESULTS

Soil and Soil Properties

Sixty-nine percent of thelelianthus schweinitzeélement occurrences are found
in ultisols (Table 3. Chi-square tests showed significant differences in the frequency of
the species’ association with soil orders. Of the 3 soil orders, utlisalseap@orest,
supporting the USFW'’s finding that the sunflower is found mostly in poor soils in the
piedmont region of the state. Sunflowers occur frequently in Tatum and Herndon, both
ultisols, and in Goldston, an inceptisdbple 4. Over 72% of sunflower element
occurrences are found in these three soil compositions. For further anbysoints
were randomly selected from the counties containing one of the element ocesagnc

compositions (sekigure 6for reference).
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Table 3: Soil order analysis for sunflower element occurrences and random points.
(using the FREQ procedure)

Freq.

Percent

Row Pct Ultisols Alfisols Inceptisols Total

Col Pct

Random 117 32 10 154
36.48 10.42 3.26 50.16
72.73 20.78 6.49
51.85 64.00 24.39

Sunflower 104 18 31 153
33.88 5.86 10.10 49.84
67.97 11.76 20.26
48.15 36.00 75.61

Total 216 50 41 307
70.36 16.29 13.36 100.00

Table 4:Frequency statistics for sunflower element occurrences by composition name.
(Chi-Sq. = 183.9281, DF=9, p-value = <.0001).

Cum Cum

Comp.Name Freq Percent Freq Percent
Tatum 58 37.91 58 37.91
Goldston 31 20.26 89 58.17
Herndon 22 14.38 111 72.55
Hiwassee 13 8.50 124 81.05
Pacolet 9 5.88 133 86.93
White St 6 3.92 139 90.85
Enon 5 3.27 144 94.12
Wilkes 5 3.27 149 97.39
Wedowee 3 1.96 152 99.35
Iredell 1 0.65 153 100.00

Helms (2000) postulates that the broken strings of alfisols that run through the
Shenandoah Valley over the Blue Ridge and south to Georgia, supported the Great
Philadelphia Wagon road, a major historical transportation route. Native ¢demeri

travelled along particular paths because of the availability of food, and,jimecthese
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paths became linked to other areas rich in game. Alfisols supported the excedises gra
that attracted this game. Alfisols contain greater amounts of phosphorus)a bas
attracting larger animals like deer and bison which need phosphorus for bone growth.
These grasslands, many fire-maintained, contained root-restrotaysythat retarded
deep rooted plants like trees from becoming established thus keeping wilde sftand
open. Alfisols also tended to be more level than the surrounding areas in the Piedmont
which aided travel because of the slower moving rivers and streams. Etilement
areas were at the intersections of these alfisols and watercadrsesthere was access
to abundant upland wildlife, fertile floodplains, and water. Many times soil boundary
areas exhibit abrupt changes because of the unique combination of the soil’s [gopertie
climate and fire regimes (Helms, 2000).

Ultisols are the ultimate product of the continuous weathering of minerals i
humid climate taking hundreds of thousands of years to form. They are surprianggly r
but were probably very common in the Mesozoic and Tertiary paleoclimatesaikhey
the dominant soil in the southeastern US with a northern limit sharply defined by th
maximum limits of Pleistocene glaciers. They are quite acidic akdckcium,
potassium, and sufficient levels of phosphorus (bases). In the Piedmont uplands,
phosphorus was added to the soil by felling and burning trees which released carbon that
became available as nutrients for plants in the upper soil (Helms, 2000). Trede ult
require long recycle periods, for example, 17 years of trees to yield 3ofeaops
(Helms, 2000). Historically Native Americans and settlers simplyezhtfieir cultivation

to a new site repeating the cycle. This burning cycle could have providedtindance

30



thatHelianthus schweinitzineeded for an open canopy. Unlike ultisols, inceptisols are
considered to be very young and in the beginning stages of horizon development. These
soils are commonly found forming in young geomorphic surfaces like alluvium on
floodplains or steep slopes in mountainous areas. Larger areas of inceptismlsdra

the Appalachian Mountains and along the coast of NC.

Preliminary analysis of the soils in which the sunflower is found will initia¢e
exploration of the sunflower’s uniqueness. The GLM procedure, with an alpha of 0.10,
was used to compare the sand/silt/clay % of non-sunflower soils and surdlmiseThe
F-value for sand was 3.12, silt 1.37, and clay 3.74. The critical value at alpha 0.10, (1, 66)
is 2.79. The F-value was greater than the critical value for both sand and clay, thus
allowing a rejection of the null hypothesis that sunflower site soil's s#tfdést % is
equal to non-sunflower site soil’s sand/silt/clay %. A t-t€ésb{e 9 of the sand, silt, clay
content for sunflower and non-sunflower soils shows that the sand and clay reseilts we

significant.

Table 5: T-Test results for sand-silt-clay, sunflower soils vs. non-sunfmiler
(group means using Pooled method)(*significant at alpha 0.10)
Variable Non-sunflower Sunflower p-value for

soils soils thet-test
Sand 60.93 49.09 0.0837*
Silt 25.75 32.55 0.2169
Clay 13.79 19.00 0.0812*
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Streams-Rivers, Roads, Railways, Elevation and Aspect

The GLM procedure, with an alpha of 0.05, was used to analyze distance to a
river-stream (rdist), distance to a road (shortrd), distance to a cafhmalist), and
elevation (elev) for 153 sunflower element occurrences and 154 randomly gdnerat

points from within the counties containing a sunflower soil typeure 10.

&  Surffioser Sarert OooUTenE
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Figure 10: Sunflower Element Occurrences and Randomly Selected Points

The F-value for rdist was 0.54, shortrd 107.79, rrdist 13.68, and elev 6.99. The
critical value at alpha 0.05, (1, 305) is 3.87. The F-value was greater than tla¢ critic

value for shortrd, rrdist, and elev. The F-value was less than the criticalfoahdist. A
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t-test Table § shows a significan-value for elevation, distance to road, distance to

railroad.

Table 6: Comparison of elevation, distances to road, railroad, and river; random points
and sunflower element occurrences
(t-test of the group means using Pooled method)(*significant at alpha 0.05)

Variable Random Sunflower p-value for
thet-test
Elevation 732.86 650.86 0.0053*

Distance to road 334.500 55.866 <.0001*
Distance to river 169.36 158.29 0.4787
Distance to railroad 6166.80 4245.30 0.0003*

The sunflower element occurrence means for rdist (158.29m), shortrd (55.87m),
and rrdist (4245.30m) is less (closer to the phenomenon) than the mean values for
random points, 169.36m, 334.50m, 6166.80m respectively. The mean elevation for
sunflower element occurrences, 650.86ft., is less than the mean value for ranaiksm poi
732.86ft. The minimum elevation of the sunflower element occurrences and random
point data set collectively, was 226ft. and the maximum, 2307ft., a range of 2081ft.

The aspect for the random points and sunflower element occurrences was
analyzed using the FREQ procedure in SA&b{e 3. Aspect 4 (southeasterly), and 5
(southerly) accounted for over 60% of the sunflower element occurrences with4aspe
(southeasterly) being the most frequent. A Kolmogorov-SmirnovRegire 11), as
described by Wong and Lee (2005) was used to compare cumulative frequency for both

sets of data. The K-S D statistic (D=ma»giom— Psuniiowe} Was used to determine the
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significance between the two groups of data. The K-S D statistic,,.[E58g/éater than a

p-value of 0.005, meaning that the two distributions are significantly different.

Table 7: FREQ procedure results for aspect, natural sunflower element and random.

Frequency Percent Cum. Freq. Cum. Percent

Aspgrp| SF Random| SF Random| SF Random SF Random
4 60 21| 39.22 13.64| 60 21| 39.22 13.64
5 33 342157 22.08] 93 55| 60.79  35.72
3 28 32/18.30 20.78| 121 87| 79.09 56.50
6 13 29| 8.50 18.83| 134 116| 87.59  75.33

7 8 3| 5.23 1.95| 142 119| 92.82 77.28
2 7 27| 4.57 17.53| 149 146| 97.39 94.81

1 3 8| 1.96 5.19| 152 154| 99.36 100.00
8 1 0| 0.65 0.00| 153 154| 100.00 100.00

Kolmogorov-Smirnov Test for Aspect
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Figure 11: Kolmogorov-Smirnov test for aspect.
For random points and sunflower element occurrences (KS = 0.093349, KSa =
1.635606, D = .186699, Pr > KSa = 0.0095).
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Powellet al, (2005) describe environmental envelopes as small, compact areas
which vary in elevation, aspect, distance from watercourse and slope. A model using
these attributes can be used to determine an environmental envelope witimed def
geographic region that is suitable for a species then rank each envelopbitgwtaa
scale. Abiotic attributes may also be used to determine a species’ eratahm
envelope. Drapegtal., (2003), used a multiple linear regression with many of the same
attributes used by Powaedt al, (2005) to determine their influence on the spatial
distribution of a species. By using site coordinates, elevation, elevationwihge
populations, mean aspect, slope, distance to nearest water course, topograping posit
and a GIS, Powelkt al, (2005) were able to create a ranking system and model for the
endangered specidsiunia robusta Populations that had all, several, and few attributes
were assigned a habitat similarity value, 1, 2, and 3, respectively. Wittrittniisy
ranking system, a model was created to identify other geographic areasgéte
known populations.

Historic Data, Historic Maps and Archaeological Data

Mouzon’s map was georeferenced with the hydro24k layer using river forks that
were recognizable on the historic map, a method mentioned in Giordano and Nolan
(2007). More than 25 points were initially identified. The points with the worse residual
value were removed leaving 20 points and an RMSE of 3767 usin{ trder
polynomial transformation. Although not an exact spatial match with an RMSE of over
3700, the historic map provides important clues on the region Wwatianthus

schweinitziiis located and can be used to determine basic topology. It is unrealistic, for
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reasons mentioned by Giordano and Nolan (2007), to expect a low RMSE when
attempting to rectify an historic map. Once the Mouzon image was edctifie trading
paths were digitized to produce a new layer file which could be used with otees fay
get an idea of where the trading paths are in relation to the sunfleilgere 19.

Because of time and resource constraints, Randolph County was chosen for analysis

because there were more data for this county.

m

Figure 12: Henry Mouzon's 1777 map overlaid on elevation and hillshade raster files.
(with the Helianthus schweinitzii site points and the digitized paths in Randolph County)

Simpkins’ and Petherick’s (1985) ‘Figure 6’ was used to digitize the Occoneechi

Path, Wilmington Trail, and the Indian Trading Path (Moseley PEtgu(e 13.
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igure13 Sipkins and Pethrick (1985) identified paths.
(also includes Mouzon digitized paths in Randolph County)

The SAS GLM procedure, with an alpha of 0.05, was used to analyze distance to
a river-stream (rdist), distance to a road (shortrd), distance to add(itrdest), elevation
(elev), distance to nearest archaeological incident (larcdist), distaMeseley’s path
(moseleydist), distance to the Wilmington Trail (wilmpathdist), and distempaths
identified on Mouzon’s map (mouzpathdist) for the 18 sunflower element occurrances i
Randolph county and 15 randomly generated points from within the county. The F-value
for rdist was 1.66, shortrd 18.66, rrdist 0.03, elev 6.41, larcdist 12.28, moseleydist 0.75,
wilmpathdist 18.36, and mouzpathdist 7.51. The critical value at alpha 0.05, (1, 31) is

4.160. The F-value was greater than the critical value for shortrd, elev, arcdis
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wilmpathdist, and mouzpathdist. The F-value was less than the critical vahagst,
rrdist, and moseleydist. A t-testgble § shows a significarp-value for elevation,
distance to road, distance to an archaeological incident, distance to Mosdlley’s pa

distance to the Wilmington Trail and distance to Mouzon paths.

Table 8: Comparison of variables, Randolph County random points and sunflower
element occurrences.
(t-test of the group means using Pooled method)(*significant at alpha 0.05)

Variable Random Sunflower p-value for
thet-test

Elevation 654.07 740.78 0.0078*
Distance to road 444,10 0.5716 <.0001*
Distance to river 182.14 117.81 0.2892
Distance to railroad 7536.10 7838.50 0.8749
Distance to archaeology incident195.10 319.95 0.0134*
Distance to Moseley’s path 13367.0 10733.0 0.0037*
Distance to Wilmington Trall 14169.0 4927.9 0.0016*
Distance to Mouzon path 2905.10 6165.60 0.0188*

SNK found a significant difference between random points and sunflower element
occurrences distance to the Mouzon path, however, the random points were closer to the
path than the sunflower element occurrence. Road distance and elevation at both the
county level and the broader range appear to be important sunflower attributes as
indicated by the significant differences and shorter distances bethesunflower

element occurrences and the random points.
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Using Spatial Analysis for Species Predictions

The information aboutlelianthus schweinitztcan be analyzed using
methodologies similar to those mentioned to create a habitat matrix for the known
naturally occurring element occurrences which can be used to create aonodel f
predicting possible locations of the sunflowBable 9shows the t-test results of non-

categorical data for all random and sunflower element occurrences.

Table 9: Comparison of non-categorical variables, random points and sunflowers.
(t-test of the group means using Pooled method)(*significant at alpha 0.05)

Variable Random Sunflower p-value for
thet-test
Elevation 732.86 650.86 0.0053*
Distance to road 334.500 55.866 <.0001*
Distance to river 169.36 158.29 0.4787
Distance to railroad 6166.80 4245.30 0.0003*
Distance to Mouzon mapped path3548.0 7069.50 <.0001*
Sand % 45.299  36.490 <.0001*
Clay % 21.948 18.418 0.0033*

A logistic regression analysis was performed using the proc logisticdunece
SAS to relate the various attributes, including categorical attributesatien, SSEasp,
shortest distance to road, distance to a stream/river, distance to a raistatalto a
Mouzon identified path, sand/clay %’s, mingrp, compgrp, soilgrp) to the occurreinces
this species. Binary logit model and Fisher’s scoring optimization technigqeeused.
Group designations were determined using prior analysis for each group withhiést hig

frequencies carrying a 1 binary value. The soil group (soilgrp) was ie€ergi$ ultisols.
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The mineralogy group (mingrp) was felsic in nature. The composition group gcp)mp
consisted of Tatum (60), Herndon (22), and Goldston (32) because they contained the
majority of sunflower element occurrences, 114 in total. The geology group (ge@sp) w
the Uwharrie formation. This model had a concordant percentage of 93.0, discordant

percentage of 6.9 and a percent tied of Uable 10.

Table 10: Analysis of Maximum Likelihood Estimates — All data and all attributes.
(elevation, SSEasp, shortest road distance, distance to stream/river, distance to railroad,
Mouzon path distance, sand, clay, mingrp, compgrp, soilgrp, and geogrp)

Variable Estimate p-value  Oddsratio Change in
odds(%)
Intercept 1.7707 0.2706 - .
Elev -0.00023 0.7988 1.000 0.00%
SSEasp 1.0526 0.0037 2.865 186.50%
Shortrd -0.00728 <.0001 0.993 (-) 0.70%
Rdist -0.00297 0.0262 0.997 (-) 0.30%
Rrdist -0.00005 0.2268 1.000 0.00%
Mouzdist -0.00008 0.0013 1.000 0.00%
Sand -0.00062 0.9764 0.999 (-) 0.10%
Clay 0.0142 0.5145 1.014 1.40%
Mingrp 0.5119 0.3566 1.668 66.80%
Compgrp 1.9429 0.0053 6.979 597.90%
Soilgrp -1.3139 0.0155 0.269 (-) 73.10%
Geogrp 1.9969 0.0347 7.366 636.60%

The stepwise selection chose SSEasp, shortrd, rdist, mouzdist, compgrp, soilgrp,
and geogrp witlp-values of 0.0022, <.0001, 0.0244, 0.0008, <.0001, 0.0022, and 0.0086
respectively Table 1). This model had a concordant percentage of 92.8, discordant
percentage of 7.1 and a percent tied of 0.1. A southeasterly, southern aspesgsribea

odds of finding a sunflower element occurrence by 200.5%. An increase of 1meter i
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distance to a road decreases the odds 7/10 of 1%. An increase of 1 meter in distance to a
river/stream decreases the odds 3/10 of 1%. There is no change in odds for animcrease
distance to a Mouzon mapped path. A soil composition of Tatum Goldston or Herndon,
increases the odds of finding a sunflower element occurrence 720.5%. A location in an
alfisol or inceptisol decreases the odds 71.2%. The odds increase 816.9% for locations in

the Uwharrie formation.

Table 11: Analysis of Maximum Likelihood Estimates - Stepwise selected afiribut
(SSEasp, shortest road distance, distance to stream/river, Mouzon mapped path distance
comgrp, soilgrp, and geognp

Variable Estimate p-value  Oddsratio Change in
odds(%)
Intercept 1.5576 0.0022 -
SSEasp 1.1004 0.0022 3.005 200.50%
Shortrd -0.00727 <.0001 0.993 (-) 0.70%
Rdist -0.00291 0.0244 0.997 (-) 0.30%
Mouzdist -0.00009 0.0008 1.000 0.00%
Compgrp 2.1047 <.0001 8.205 720.50%
Soilgrp -1.2449 0.0022 0.288 (-) 71.20%
Geogrp 2.2158 0.0086 9.169 816.90%

A model was created using information gathered from analysis in this paper to

identify potential sunflower locations in Randolph County. Included in the model were
areas with an aspect value of 3, 4 or 5; a distance from road of 25m or less; a distance
from river of 120m or less; a Tatum, Herndon, or Goldston soil; geology that was
Uwharrie formation and mineralogy that was felsic in nature. The reselshawn in

Figure 14 Field testing has not been performed.
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Figure 14: Existing and potential sunflower locations in Randolph County.
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CHAPTER IV

DISCUSSION

Soils and Soil Properties

A soil's sand/silt/clay composition determines the soil's texture. Sxtilite
designates the proportionate distribution of the different sizes of mineralgami a
soil and is one of the most important characteristics (Brown, 2003). Various sizes of
particles in a soil yield quite different physical characteristmsekample, a soil with a
large amount of clay has quite different physical properties from one madengsiby
of sand and/or silt. As a general rule, sandy soils tend to be low in orgarec coatient,
low in the ability to retain moisture and nutrients, low in cation exchange and buffer
capacities and rapidly permeable (Brown, 2003; Helms, 2000). Since sandyesoils ar
often quite droughty, deep-rooted plants are best adapted to them. As the relative
percentages of silt and clay increase, the soil’s properties aresingigaffected. Finer
textured soils are generally more fertile, have a higher cation exchanbeféard
capacities, contain more organic material, and permit less rapid movemerdrad ai
water. Clayey soils are often sticky when wet and hard when dry and exhibit-stve!l
characteristics (Brown, 2003).

A soil's texture has a direct influence on the pore space of the soil, for example,
the smaller the patrticle, the more total pore space available for airaded(®andeét
al., 2002). This means that soils higher in clay content have more pore space than those
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with higher sand or silt content. Ironically, there is an inverse texture efifiactoarse-
textured soils supporting higher amounts of groundcover than fine soils in dryedima
(Epsteinet al,, 1997). Soils with higher clay content do have more pore spaces, but the
pore spaces are smaller than those of coarser textured soils. However, a sgadajul
has the surface area of a football field and 10,000 times the surface area thasahdt of
(Helms, 2000). With an increased surface area, there is a stronger gépittarin the
smaller pores than the larger pores, thus the amount of moisture available to tie plant
decreased (Bandet al, 2002). This may be a good thing if an area receives little rainfall
because finer soils limit evaporative losses of soil water (Epstail) 1997). In areas
where rainfall is great, the fine, clay soils retain more moisture gietimeanent wilting
point than sandy soils, thus drowning the roots of plants, especially in lower lgaw ar
(Bandelet al, 2002). The water table also interacts with the soil texture. Sandy soils in
flat areas are likely to be saturated with water for longer periods aftimeandy soils
of sloped areas are unlikely to have a high water table at anytime (Brown, 2008y Dur
floods, sand drops out first creating ridges, followed by silt then clays wétitte s
farthest from the bank forming a sleeve that slopes away from the bank (Helms, 2000).
By knowing the sand/silt/clay percentages, a textural triangleasutiie USDA
triangle Figure 19 can be used to classify the soil (Geradisl, 1999). An algorithm
can be used along with the unique combination of sand and clay to determine the soil’s
texture, i.e., clay loam, sandy loam, etc. Using the on-line, interactigegpnacreated by
Gerakiset al, (1999) the sunflower site soils could be classified. The soil data file was

uploaded into the web page by Geraltigl, (1999) and an analysis was run. The results
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(Table 12 showed that the sunflower sites were classified as sandy loams, Eanayltc

loam, or loam. It was not uncommon to have the same composition name with a different
texture because of the different sand/silt/clay percentages. An exantipie isfthe

Pacolet soils. One of the Pacolet soil observations was classified ax<kEanajth a

sand percentage of 48% and a clay percentage of 50%, while another Pacolet soil
observation was classified as sandy loam with a sand percentage of 68% anid 8fay

Six of the soils were classified as sandy loam and three were eldssfsilt loams.

45



100

80 o
70 9
60

clay
50

%% clay

silty

40 clay sandy

silty
clayloam clay loam

30 9

sandy clay
% loam
20 o L loarm

siltloam @

0.Q

sandy loam

silt

0 10 20 30 40 50 60 70 80 80 100

% sand
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Table 12: Textural algorigthm results of sunflower site soils.

Sample ID % Sand%Clay Texture
Tatum 27 20 silt loam
Herndon 30 16 silt loam
Goldston 33 10  silt loam
Iredell 39 25 Loam
Hiwassee 40 23 Loam
Pacolet 48 50 sandy clay
Pacolet 68 13  sandy loam
Wedowee 68 13  sandy loam
White Store 68 13  sandy loam
Enon 69 10 sandy loam
Tallapoos 71 12  sandy loam
Wilkes 71 13 sandy loam

Sandy loams consist of soil materials containing somewhat less sand andtmore si
plus clay than loamy soils. The individual sand grains can be seen and felt, but there is
sufficient silt and clay to give coherence to the soil so casts can be fdratedn be
handled carefully without breakage. Silt loams have rather small amounts ohsland a
clay and when dry are rather cloddy, but the clods are easily broken and thesbkdee
flour. When moist or dry, casts can be formed and can be handled fairly frésbytvi
breakage. Loams tend to be soft and fairly smooth, slightly sticky and plastiovehe
Silty clay loam, as well as silty clay, are sticky and plastic whdnfiu® when moist
and forms casts that are hard when dry with silty clay being very hard wheNitmall
factors being equal, it is generally believed that soils having sandy dodoam-
textured surface soils, are better suited for a wider variety of vegetBtionr{, 2003).

Most of the literature suggests tiélianthus schweinitziavors clayey soil. The

GLM analysis, with an alpha of 0.10, did show that there is a significant difference
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between the non-sunflower soils’ and the sunflower soils’ clay percentage. Stme of
literature placesielianthus schweinitzin sandy soils (Thompsaet al, 1981). The

GLM analysis also showed a significant difference between the non-sunfioig and
the sunflower soils’ sand percentage. Although the soils’ sand/silt/clegniage may
not be the sole determinant of the location ofHlebanthus schweinitziit can be a key
component of it. Documentddelianthus schweinitzpopulations are found in soils with
sand/silt/clay percentages that are different from those soils witlimdusnented
sunflower population. While the silt percentages did not significantly diffevesst the
two, the sand and clay percentages did.

In a 1999 study by Hook and Burke, vegetation and biogeochemical variables
were strongly correlated with soil sand content. Their research alsatedlibat soil
properties and plant cover patterns differed significantly between upland aaddiswI
They postulate that topographic position and soil texture explain much of the landscape-
scale variation in vegetation structure with soil texture being a key prbeantol over
biogeochemical processes and largely responsible for the observed larststape
patterns. In this case, landscape-scale is defined as the environmental eowvedoge
in which the vegetation or species may exist. Hook and Burke suggest using thadels
integrate the effects of sand/silt/clay content and topography to link landsaidgas.
Spatial patterns of texture are controlled by surface geology and bedroosn enodi
deposition, and hillslope processes. Additional research on factors such as tak gener
topography, parent material, temperatures and rainfall of the SchweButzflower sites

may prove beneficial as well. These factors, along with the soil's défatilgicontent
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may help explain the spatial dispersal and variability (or lack of vatighulf the
sunflower’s ecosystem and provide a systematic way of locating additionahpopsil

(Hook & Burke, 2000).

Streams-Rivers, Roads, Railways, Elevation and Aspect

Cantamuttoet.al, (2008) found that two speciestdélianthus annusand
petiolaris were found mainly along roadways and were strongly related to disturbance.
They also found that microhabitat conditions are unique for each species, for gxample
Helianthus petiolarigended to prefer a lower elevation and soil where sand
predominates, whilelelianthus annugrefers a more humid habitat and soils associated
with silt and clay. Other variables included in the Cantaneittd, (2008) study include
the potential for water erosion and the landscape sharpness due to slope. Lowlands are
generally depositional and gently concave while uplands tend to be erosionahégd g
convex. Uplands and lowlands differ significantly in soil properties and plant coverage
patterns. Uplands, dependent upon the sand content, tend to have lower field capacity and
more, larger openings, lower total plant coverage especially grasse=dged.s
Lowlands are less affected by sand content, and show greater variation inmegetat
Hook and Burke (2000) found that most carbon and nitrogen pools are influenced by
topographic position. Thidelianthuspopulations in the Cantamutéb.al, (2008) study
were located in what could be considered transitional boundary areas of disturbance,
along roadways, in roadside ditches, along fences, and localized along thef sivers
or streams. In their study, wildelianthuspopulations were never found in non-disturbed

habitats.
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Historic Landscapes-Maps and References, and Archaeological Data

When analyzing historic data, it is important to understand the context in which
these data were created, its intended purpose, and the technology used to obtaen it. T
historical maps, for example, in order to evaluate their spatial accuracy, oneatize
that there are variations due to the surveying methods being used, the way the
information was collected, and the methods or technology used to create the map. Early
American maps have a strong European influence which is reflected ynthelegy
used for the landscape and the units of measurement. Surveying methods also varied, for
example, a topographic engineer conducted surveys by horseback counting hoof strikes to
the ground, while sketching and making notes on only the most prominent landscape
features. Other surveyors measured distances by walking off or countingAsagles.
may have been measured by using a pair of sights and a prismatic cofrgpassveyor
was really good, he could measure angles to 1/2° and distances to within 50 fadein a
Some surveyors used metal chains and transits or theodolites to measurelaegtes
was always a struggle between accuracy and artistry with argeeatsern for preserving
the spatial relationships between landscape features than the accuratigalfaed
horizontal angles. With these things in mind, it is most beneficial to use histg&tma
understand the persistence of objects over time and to use them to reconstruct e visuali
historic landscapes (Giordano & Nolan, 2007). Historic maps can be overlaid or
compared to contemporary maps to successfully interpolate spatial relgtsori&tmary
sources, such as John Lawson’s travel diary, can be used to enhance and support this

interpolation.
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Historic maps can be scanned and geo-referenced, but it is unreasonabletto expe
to obtain accurate distance or angle measurements. When geo-referestoing miaps,
it is usually hard to find adequate control points and there will be warping. Bhysic
features, such as coastlines and rivers, can be used to a degree, but should not be relied
upon to provide accurate location information, in fact, some historic maps maittkeear |
to no relation to reality. Historic maps may also suffer from physicabdammisplaced
map elements, or features that are missing altogether. Focusing omdgtebetween
historic and contemporary maps may indicate changes through time, but it isampor
understand the historic map’s purpose and its intended audience (Wilson, 2001). Even
with these limitations, it can be visually beneficial to attempt overdggmcomparing the
historic map with contemporary maps and data to better understand how the landscape
has changed over time. General topographic observations can be made, for example, a
point lies north and west of the river, which may prove beneficial.

Archaeological site location incorporates many of the same apprassdubso
locate rare species, for example, using a landscape approach to identifyrgigesl.,
(2004) describes analyses at two scales for the potential location&f @ sregional
scale which is a combination of environmental resources suitable for human use, and (2)
local landscape scale. Different cultures and belief systemsipermterpret, and utilize
local landscape structures and land differently creating different land tisepdhrough
time. Regional scale attributes are most likely driven by naturalréssatcover a broad
area and create the environmental backcloth for human activitiest(&ry2004), a

good example of a regional scale attribute is the presence of savannasraesl pra
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Anthropogenic disturbances can be inferred from historic Native Amerieenasid their
archaeological evidence. Technological changes shift populations @ods $0 reason

that the incidence of anthropogenic fire and land clearing were also sloiftesd ¢he

landscape through time. Disturbances are dispersed and are highly influescdd,by
topology, human settlement patterns, and by long-term climatic change and air

circulation patterns (Lorimer, 2001). Plants, animals and humans adapted over thousands
of years.

Delcourt’s (1997) research of Native Americans and their use of fire looks at
fossil charcoal and pollen to understand humans’ affect on the landscape. Paleo-
ecological results indicate that Native Americans have played an impaota in
determining the composition of vegetation over most of the last 4000 years through the
selective use of fire. Burning heightened the contrast across vegetation les)radat
during Archaic, Woodland, and Mississippian times, human impact was concentrated in
two areas of the landscape, (1) alluvial bottoms of major rivers and coves where
temporary camps or villages were established and crops were cultivat€d) apper
slopes and ridge tops where they hunted and gathered. Native Americanseuted fi
was focused on particular portions of the landscape while excluding others.sGrasse
(poaceae), many species indicative of savannas or prairies, reachedt®@&ni2000
BC to 1500 AD then diminished to only 4-10% of the current upland pollen assemblage
(Delcourt, 1997). Herbs represented in the pollen record included, along with poaceae,
plaintain, portulaca, maize, and sumpweed which indicate human activities and accordin

to Davis,et al, (2002) are strongly associated with prairies and can be found in prairie
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remnants. Helms (2000) postulates that Native American settlemenhpattephasized
the use of flood plains and terraces which have access to water, contandtutiial
soils with loamy textures in which hand tools and implements could be used, and close to
game.

Fry et al, (2004) hypothesize that prehistoric agriculture settlements weresdituat
on lighter (sandy) soils which were well drained and easy to work and in aretetha
to be in or near currently open landscapes on convex slopes. Ridges and convex points
are normally washed with a rocky or till surface while the sandy matenakrmally
deposited on slopes below the ridge and clays dominating the depressions|fFry et a
2004). Lorimer (2001), suggests that there is greater fire disturbamtativg
Americans near floodplains of major rivers, and on sandy soils (insteadof)ladile
settlements were frequent along the savannas, grasslands, and old/petdByt
clustering along the floodplain of major rivers and streams. Lorimer (206d supports
the use of fire by Native Americans to create extensive open habitats todespaths
open from village to village, to create habitat for game and to drive game, and on the
sandy outwash plains to encourage berry production. There is a strong spafaicorre
between pre-settlement fire frequency and independent historical estiofiduman
population.

Early successional habitats were quite numerous between the 1890’s to 1950’s
(Lorimer, 2001). Remnants of past farming activities remain visible for hdadfeyears
and utilizing the hypothesis that the best farming land should be found on the sandy/silty

soils with gentle slopes (Fst al, 2004) may help identify potentidlelianthus
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schweinitziipopulations sites since the species has been associated with old-field
succession and prefer sandy soils and subdued topology like upland interstreandflats

gentle slopes (US Fish and Wildlife, 1994).
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CHAPTER V

CONCLUSION

Information contained in this paper may prove to be useful as the state continues
its efforts to re-establish and protect the sunflower populations with an ultioedtefg
removing its endangered status. In fact one of the goals or actionsrisiedRecovery
Plan for Schweinitz’s Sunflower written by the US Fish and Wildlife Servce find
suitable habitat for additional populations and potential reintroduction sites.

Hirzel, et.al.,(2002) use ‘ecogeographical’ variables derived from various sources
to determine the ecological niche of a species. They believe thatiesspebitat is not
comprised of simple, linear, monotonic relationships, but complex relationships with
areas of marginality where a species’ occupation decreases fhmnsite of its
optimum habitat. In the 1999 study by Hook and Burke, vegetation and biogeochemical
variables were strongly correlated with soil sand content. Their resésodndicated
that soil properties and plant cover patterns differed significantly betwesmdughd
lowlands. They postulate that topographic position and soil texture explain much of the
landscape-scale variation in vegetation structure with soil texture déiag proximal
control over biogeochemical processes and largely responsible for observedpandsc
scale patterns (Hook and Burke, 2000). Hook and Burke suggest using models that
integrate the effects of sand/silt/clay content and topography to link landsatbgess.

Spatial patterns of texture are controlled by surface geology and bedroatn enodi
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deposition, and hillslope processes (Hook and Burke, 2000). Petvell, (2005) created
models using elevation, slope and aspect. Canataretitib, (2008) found highly
significant differences in the frequency of thlelianthusspecies’ association with soil
subgroup and disturbed areas like roadsides.

Analyses included in this paper shows that the spatial distributidel@nthus
schweinitziito be closely associated with soil characteristics and disturbance. The
sunflower soil’'s sand/silt/clay percentages appear to be uniquelyassoaith the
species. The species is more likely to be found in ultisols, in the Uwhammation, and
in felsic soils. The southeast to northeast pattern of sunflower element acesrre
mimics the same general southeast to northeast trend that the sunflower Bills’ ex
with the known occurrences found most frequently in Tatum, Goldston, and Herndon soil
compositions. There is a strong association with areas that are open andyroutinel
maintained especially locations near roadways. The sunflower is found moshfheque
a southeasterly, southerly aspect. There are copious amounts of primary s@utce dat
support the existence of a Piedmont prairie. Historic maps detail many patamdgy
roadways crisscrossing central North Carolina. These historic patimaybave
provided an inviting environment for the sunflower, or they may have dissected existing
populations. Analysis of distances to historic paths and archaeologisasies
promise in understanding the spatial distribution of the sunflower as the sunfloasers
have been a source of food or medicine. A model for locating additional populations

should include many of these attributes.
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Future research utilizing power line right-of-way data, additional histicaicd
archaeological data, land-use data, slope, and additional biological dapaaviae new
information that can be added to the predictive model for locating additionabgiopsl

of the endangered sunflower.
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Data Sources

Helianthus schweinitzii site specific GIS data was supplied by SuzanraMas

Environmental Biologist with the North Carolina Natural Heritage Pragra

Soil maps and GIS data were downloaded from the NC One Map site
(http://www.nconemap.com/data.hjnaind US Department of Agriculture’s Natural
Resources Conservation Service site (http://soils.usda.gov/survedgewnqr

Archaeological site specific GIS data Randolph and Cabarrus counties wasdbpgpl
the NC Office of State Archaeology (NCOSA).
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Historic maps were obtained from the NC Office of State Archaeology awid D
Rumsey’s historic map web site (http://www.davidrumsey.g¢oamd NC Office of
Archives & History’'s web site, http://www.ah.dcr.state.nc.us/sectiorsilgmial/Maps/.

Primary and secondary roads and railroad GIS data was downloaded from the NC
Department of Transportations web site
(http://www.ncdot.org/it/gis/DataDistribution/default.html)
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