


























TABLE 2. Ranges of percent cover as grouped into discrete cover classes, as described in Lee et al. (2008). This
manner of classification reduces the effects of the randomness of user-determined cover, allowing greater
comparison of species and plots.

Carolina Vegetation Survey Cover Classes

1 Trace (<0.1%) 6 10-25%

2 0-1% 7 25-50%

3 1-2% 8 50-75%

4 2-5% 9 75-95%

5 5-10% 10  95-100%
Analysis

I compared the contents of the three study plots to determine if there was significant
difference in community structure between sites of varying post-HWA health. In an attempt to
contextualize my results, I also compared data I collected to those drawn from prior CVS data
collected in hemlock-dominated forests in nearby Macon County.

The indicator value (IV) for woody species within each study site quadrat was calculated
to characterize community dynamics and determine dominant species in each plot. These indices
were run through PC-Ord (McCune 1999), an ecological community analysis program,
according to the methodology of Dufréne and Legendre (1997). Their equation involves the
multiplication of relative abundance and relative frequency, 4 and F, together and then by 100,
as in

IV =A%F %100

where A4 refers to the ratio of a particular species to the total number of organisms in a plot and ¥
is the percent of modules out of the total sampled that contains the species in question.

Once again using PC-Ord (McCune 1999), multidimensional scaling ordinations were
created for three groups of data. Ordination is a statistical technique that represents portions of
ecological communities as points in a coordinate plane. PC-Ord utilizes a dissimilarity matrix
through non-metric multidimensional scaling (MNS) to most accurately display overlap in
species composition between sites. Ordinations are basally structured as Cartesian coordinate
systems where the axes have no independent value and serve only to illustrate distance between
graphed elements according to a Serensen dissimilarity index. For this reason, ordinations are
most valuable as visual representations of data; further information, such as p-values to test for
true correlations, cannot be drawn from the product without risk of stretching the results (Pielou
1984).

The first ordination compared canopy species through the DBH measurements of all
study plots, while the second compared species assemblages with the cover classes of all species
in the intensive study plots. The final ordination compared the overall cover classes for all
species in the three study quadrats to compatible data from six additional plots from nearby sites
in Macon County (Peet et al. 2012; table 3). These external plots were within ten miles of the
study sites and contained significant hemlock populations with a cover class greater than 4 (table






























Liriodendron tulipifera (Ford et al. 2011), leading to a species assemblage that more closely
resembles that of the Brushy Face cove hardwood forest in primary composition (figs. 3 & 6).
However, shrub expansion and herbaceous recruitment occur in open and disturbed areas of
transitioning cover, resulting in initial local increases in plant biodiversity where light reaches
the forest floor (Small et al. 2005). Herbaceous diversity was highest at Brushy Face and lowest
in the Henry Wright Preserve (table 10; fig. 6). Herbaceous species and woody seedlings grew
on nurse logs and in open forest patches at Brushy Face and the Valley of the Giants, while those
at the Henry Wright Preserve occurred nearly exclusively in HWA treatment clearings around
hemlocks; disturbance was a common factor in herbaceous development across sites.

Ordinations visually captured the dissimilarity of species assemblages at the three
locations. Sites examined in this study were distinct from one another when forest cover and
understory species were included in analysis (fig. 8), but not when interpretation was restricted to
the density of canopy and subcanopy trunks (fig. 7). Due to the longevity of their growth
patterns, tree density remains relatively constant even after a significant change in microclimate
(Ellison et al. 2005, Small et al. 2005). Contrastingly, shrubs, herbaceous plants, and woody
seedlings are quick to respond to disturbance events in local conditions, and better characterize a
forest in a state of transition (Orwig and Foster 1998, Small et al. 2005, Ford et al. 2011).

Exterior ordinations indicated that the three study sites were distinct from four out of six
pre-HWA survey plots, though the final two appear to be indistinguishable from modern site data
(fi. 9). With the majority of historic surveys appearing as different from current assemblage data,
an assumption could be made that hemlock forests in Macon County have changed as a whole
from pre-HWA conditions. However, the sample size of both historic and modern data sets was
too small to draw significant conclusions suggesting a local shift in community ecology; further
research on this subject would require a much broader range of material for study.

Some notable sources of error likely contributed to differences in species assemblage
when study sites were compared against one another and the external pre-HWA data through
ordinations. An abnormally extended drought over the course of the study resulted in early
dieback of herbaceous species and abnormal growth patterns for hydric species. Due to the
lengthy process of establishing plots, I was unable to conduct surveys until October; traditional
CVS protocol requires that all survey data be collected between June and September to maximize
species diversity and capture the full extent of the herbaceous layer of a forest habitat (Lee et al.
2008). In addition, I surveyed the plots during the full month of October (table 1), over the
course of which there were notable differences in canopy cover and herbaceous abundance with
annual leaf drop and abscission. This affected not only comparisons within the study, but also
those made to external data; pre-HWA sites were surveyed in July, August, and curiously,
January (table 2). Species assemblages differ throughout the year, amounting to an inaccurate
comparison between the sets of sites when data result from different timeframes.

Environmental parameters such as soil moisture, litter depth, elevation, slope, aspect,
and proximity to water were not taken into consideration in this study. These measurements
would have provided further insight into the conditions that made sites and associated species
assemblages unique (Kincaid 2007). Additionally, little was known about the environment of
pre-HWA sites compared to study plots in the final ordination. I selected external sites based on
proximity to my research plots, but mountain habitats are sufficiently variable that wholly
different environmental conditions persist within a single square mile. One site in particular had
a significant population of Tsuga caroliniana, a Southern Appalachian endemic generally
restricted to rocky gorge walls (Weakley 2015). While the two species of hemlock sometimes


















2004). This study examined the potential stream sedimentation responses of channels near OHV
trails located within the Locust Stake OHV Trail System in Habersham County, GA.

The Locust Stake trail system is a designated OHV use area located within the
Chattahoochee National Forest. The trails are open from March through December of each year
but have the potential to close if more than 1.25 inches of rain fall within a 24-hour period. The
trail system was developed in the mid-1980s from existing logging roads, and undesignated OHV
use has since added additional trails to the system. Since the mid-1990s, concerns have risen
regarding the potential sedimentation impacts from repeated trail use. The trails remained open
until 2012 when they were closed to assess environmental damage. During this maintenance
period, a series of silt fences were installed to attempt to control erosion. Loops 1-5 were reopened
in 2014, offering five miles of useable trail. These loops were closed again in December 2014 for
routine maintenance and remained closed until July 28, 2016. Five more miles of trail (including
the entirety of Loop 6) were permanently closed in 2014 to mitigate the severe erosion associated
with OHV use. Before 2014, an estimated 3,500-4,500 users per year utilized the trail system with
hundreds more using the trail illegally. From its reopening on July 28, 2016 through October 31,
2016, 446 paid users (and an estimated 100-150 unpaid users) utilized the OHV trail system.

Water Quality Standards

The Georgia Department of Natural Resources (1974) has designated the North Fork of the
Broad River as an important river for drinking water, supplying over one million people with clean
water in 25 neighboring municipalities. Under this classification, the river must meet both state
and federal water quality standards for drinking water. The U.S. Environmental Protection Agency
(EPA) established limits to TSS levels in streams, which may not exceed a 30-day average of 30
mg/L or a seven-day average of 45 mg/L (USEPA 2000). Surface waters in excess of these limits
are in violation of the provisions set forth under the Clean Water Act (USEPA 2011). Georgia also
has its own set of standards for rivers supplying drinking water, but there are no quantitative
specifications regarding allowable levels of either turbidity or TSS. These provisions rely solely
on qualitative visual data to assess water clarity, stating simply that “all waters must be free from
turbidity which results in a substantial visual contrast in a water body due to a man-made activity”
(Georgia DNR 1974).

Previous Studies

Previous studies show that OHV trails, and more generally, all road or trail crossings, pose
extensive threats to the geomorphology and hydrology of forest stream systems. OHV sites exhibit
considerable soil loss within trail segments. Eroded soils deposit within stream channels, causing
increased mud coating, sediment plug formation, embeddedness, and fine sediment deposition,
and decreased pool depths and volumes (Chin et al. 2004, Marion et al. 2014). Increases in both
TSS and turbidity can be attributed to erosional impacts from OHV use (Chin et al. 2004). Eroded
sediments from trails are transported to nearby streams during storm events where they are either
suspended in the water column or deposited along the stream bed. Several studies converge on the
notion that the presence or absence of OHV use, including both past and current OHV use, has a
greater effect on stream response than either intensity or recency of OHV usage (Foltz 2006,
Marion et al. 2014).

A number of past reports have observed the geomorphic responses to OHV use in humid
forested environments similar to the environments considered in this study. These reports found
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result of recorded precipitation were analyzed for TSS and turbidity. For Kimbell Creek, the
reference watershed, 18 of the 35 samples were collected as a response to storm events and
transported off-site for analysis. Locust Stake and Upper Locust Stake samplers collected 36 and
30 total samples, respectively. Of these, only 21 (Locust Stake) and 22 (Upper Locust Stake)
samples were analyzed.

TABLE 1. Sample collection information for reference and treatment sites.

Number of Number of
Site Collection Start Date  Collection End Date  Collected Samples Analyzed Samples
Reference
Kimbell Creek 27 February 2015 29 September 2016 35 18
Treatment
Locust Stake 2 April 2015 12 October 2016 36 21
Upper Locust Stake 27 June 2015 12 October 2016 30 22

TSS Comparisons between Sites

For each site, the TSS values (mg/L) for all individual storm events were averaged and
standard deviation was calculated (tab. 2). Standard error was then calculated for each site using

the following formula:
S

SEz = &= (2)
Where SE; is the standard error of the mean, S is the standard deviation of the mean, and n is the
number of observations in the sample.

The positive and negative standard error values were then used to create a margin of error
around the mean for comparison between sites. If the mean TSS value for the treatment site fell
outside of the margin of error for the reference site, then the mean TSS values for the compared
sites were considered statistically different (tab. 2).

Mean TSS for Kimbell Creek was 53.36 mg/L with a standard error of + 1.95 mg/L. Locust
Stake had an average TSS of 69.13 mg/L, while Upper Locust Stake had an average of 64.89 mg/L.
Mean TSS values for both treatment sites exceeded the maximum value included in the margin of
error for Kimbell Creek (fig. 2). Therefore, average TSS values for each treatment site were
considered to be statistically greater than those in the reference site.

TABLE 2. Average total suspended solids (TSS) for reference and treatment sites, including standard error. *Indicates
significant difference between mean TSS in treatment and reference watersheds.

Average TSS Standard Error
Site (mg/L) (mg/L)
Reference
Kimbell Creek 53.36 +1.95
Treatment
Locust Stake 69.13*% +5.33

Upper Locust Stake 64.89% +4.75
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Sources of Error

One potential source of error within the data arises from the limited number of storm events
occurring after trails were opened. During this time period (28 July 2016 to 12 October 2016),
only one storm event occurred at each site that enabled the automated samplers to begin collecting
water samples. During the months when OHV trails were open, the southeastern portion of the
United States was undergoing a prolonged drought. The United States Department of Agriculture
classified Habersham County, GA, the location where the study was conducted, as an area that
experienced episodes of moderate to exceptional droughts (Heim 2016). Because of the lack of
storm events, the resulting conclusion may be insufficient, especially since a single sample was
used to represent normal sedimentation levels of streams after trail openings. To strengthen the
conclusion made in this study that open trail systems have significantly higher sedimentation levels
and rates of increase than closed trail systems, more samples must be taken during storm events
occurring when OHV trails are open for use.

Further Research

This study only considered impacts of OHV use on suspended sediments in streams during
storm events. Further research needs to be completed to include all potential sedimentation impacts
that result from the presence of OHV trail systems. Previous research shows that ATV use leads
to increased deposition and decreased pool depth and volume in watersheds with open trail systems
(Chin et al. 2004). Further research could be conducted to determine the impacts on bedload
sediments by OHV trail systems during periods where trails were both opened and closed when
compared to a reference watershed. This potential study could quantify the impacts that both
presence and recency of OHV use have on sediment deposition in streams. Other recommendations
for further research include quantifying suspended sediment levels outside of storm events to
determine baseline sedimentation impacts of OHV trails.

CONCLUSION

Preliminary analysis of paired watersheds indicated that the Locust Stake OHV trail system
has significant negative impacts on stream sedimentation in the North Fork of the Broad River.
These effects were reflected in increased levels of TSS and turbidity along with faster rates of
increase in TSS when compared to reference watersheds. Furthermore, open trail systems were
found to have even greater levels of TSS and turbidity when contrasted with closed trail systems.
These impacts are reasonable consequences of accelerated erosion and sediment deposition, which
have previously been associated with OHV trails. Since the presence and recency in use of OHV
trails are the only important differences between the paired watersheds, this study logically
concludes that the trail system is the cause of the observed differences. More research is needed to
further quantify the magnitude of stream sedimentation in watersheds with open trail systems
versus those with closed trails. Results from these studies will have important implications for the
creation and management of OHV trails.
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identified by orange pustules, called stromata, that grow under the bark and break through to the
surface as well as by cankers that form on the surface of the bark as the tree reacts to and attempts
to isolate the infection. The stomata produce both asexual spores, known as conidia, and sexual
spores, known as ascospores, as a means of efficiently propagating the fungus. The single-celled
conidia can be carried long distances on the feet, fur, or feathers of organisms that come in
contact with it, as well as via water, while the multicellular ascospores tend to travel via air
currents (Bolgiano and Novak 2007).

A variety of methods for improving American chestnut resistance to the chestnut blight,
such as cross breeding C. dentata with the blight tolerant C. mollissima, (Baraket et. al. 2009) and
employing biological controls to counter the blight (Heiniger and Rigling 1994, Cortesi and
Milgroom 2004), have been largely unsuccessful. Despite these failures, the American Chestnut
Foundation, founded in 1983 to explore ways to restore the American chestnut, continues to
experiment with crossbreeding C. dentata and C. mollissima to form viable, blight resistant hybrids
(Hebard 2005). This study aims to assist in future restoration efforts of hybrid American chestnuts
by identifying which, if any, geographical components of the American chestnut’s habitat, such as
elevation, slope, aspect, integrated moisture index (IMI), and surrounding forest type, have a
significant impact upon the distribution of chestnut blight. Such data may be utilized in future
restoration efforts to determine which sites in the southern Appalachian Mountains would be most
conducive to the survival of the hybrid species.

METHODS

From August to October 0f 2016, I collected data from American chestnut coppices at three
sites in the Nantahala National Forest of Macon County, North Carolina, two of which were
located at Coweeta Hydrologic Laboratory in Otto, North Carolina (Reynolds Gap and Watershed
7). The third site was located on Yellow Mountain, northeast of Highlands, North Carolina (Yellow
Mountain). I randomly tagged 170 chestnut coppices at Reynolds Gap (RG) and Watershed 7
(WS), and 169 points at Yellow Mountain (YM), then plotted each coppice point onto a Garmin
Montana 650t GPS for a total of 509 data points. I then collected bark samples from coppices
suspected to be infected with the chestnut blight and with Alex Tribo cultured these samples to
determine if they were indeed infected with the blight.

After determining which coppices were infected, I depicted the location of each coppice I
sampled on ArcGIS (ESRI 2015) on using information from NC OneMap, distinguishing the ones
found to be infected with a red star from those that were found to be healthy with a black dot.
Using the Extract Values to Points tool in ArcMap, I extracted elevation, slope, aspect, IMI, and
surrounding forest type data for each coppice point, then performed statistical analyses on Excel
to determine how significant each of these factors were in facilitating the distribution of C.
parasitica at each site. IMI is a composite score, on a 0-100 scale, of slope-aspect, cumulative
down slope water flow, landscape curvature, and a soil’s capacity to carry water. It is essentially a
method of measuring the moisture retention of a soil and may have an impact upon chestnut blight
distribution within a given area (Iverson et al. 1997). The bark tissue culture samples were visually
assessed for blight by Dr. Richard Baird of Mississippi State University. Additionally, aerial
photography for Macon County depicted in the ArcGIS maps was provided by Dr. Gary Wein of
the Highland Cashiers Land Trust.

REsuLTS
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significant difference between infected and uninfected coppices for two of the three sites
(Reynolds Gap and Watershed 7), did reveal that the average aspect of all coppices regardless of
infection ranged from the southeast to the southwest (fig. 6). Given that southern facing slopes
receive more sunlight than northern facing slopes in the northern hemisphere and that American
chestnuts generally only regrow from root collars rather than from seeds, it is possible that, in their
reduced state, American chestnuts are only able to sprout on southern facing slopes where more
sunlight is available. Further research may have to be done to test this.

Mean IMI scores, though higher among infected coppices at two of the three sites
(Reynolds Gap and Watershed 7), was only significantly different between infected and uninfected
coppices at Watershed 7 (fig. 7). Coppices at all sites, regardless of infection, favored xeric soils,
corresponding to the findings of the surrounding forest type survey showing most coppices
growing amid dry Montane Oak forests (table 1). The difference of averages between infected and
uninfected groups was more pronounced at Watershed 7, with infected coppices scoring 6.9 points
higher than uninfected (fig. 7). This would appear to be more in line with previous research that
suggests that C. parasitica prefers moister soils given that water is a vector for transmission
(Anagnosaikis 2001). However, based on standard error estimates, there is no strong discernable
relationship between IMI scores and distribution of chestnut blight.

CONCLUSIONS

The results of this research suggest that there exists no significant difference between
infected and uninfected coppices across all three sites in regards to elevation, slope, aspect, IMI
score, or surrounding forest type. Future research might include taking samples from coppices
found at broader ranges of elevation, slope, aspect, IMI, and forest type to more precisely
determine if or how these factors impact distribution of C. parasitica. Additional research might
also look into how or if physical characteristics of individual coppices, such as stem height,
diameter, and distance from other coppices, are correlated with infection. This research could be
instrumental in discovering ideal locations to reintroduce mature American chestnut trees that have
been genetically modified or crossbreed with C. mollissima (Chinese chestnut) to achieve a level
of tolerance to C. parasitica.
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EVALUATION OF STEWARTIA OVATA HABITATS IN THE CHATTOOGA
RIVER DRAINAGE: SOIL FERTILITY AND MICROVERTEBRATE
ASSOCIATIONS

AMANDA MULLIKIN

Abstract. Stewartia ovata is a species of camellia with a scarcely understood range in the
southern Appalachian Mountains. I conducted an evaluation of selected S. ovata sites in the
Chattooga River drainage to help better characterize the ecology of S. ovata sites, potentially
shedding light on why the range of S. ovata is so limited. Study sites located in Rabun County,
Georgia and Oconee County, South Carolina were studied in this research, including the upper and
lower reaches of Sarah’s Creek, Woodall Shoals, Overflow Creek, and the Chattooga River access
off of Earl’s Ford. Environmental factors such as soil nutrients, soil organic matter, and soil
microinvertebrates were examined in order to better understand S. ovata microhabitat and aid
cultivation and preservation of this uncommon plant.

Key Words: S. ovata, Mountain Camellia, soil fertility, Jackson County, Rabun County,
soil microinvertebrates, uncommon plant, soil biology, Southern Appalachian Mountains, Overflow
Creek, Woodall Shoals, Chattooga River, Sarah’s Creek

INTRODUCTION

The southern Appalachian Mountains are a mountain range in the eastern United States
that form a conglomeration of unique ecosystem communities comprised of fragmented groups of
flora and fauna, which have consequently adapted to one of Earth’s oldest geomorphic formations.
Many of the ecosystem communities in the southern Appalachians are home to a variety of
endemic species (Barry 1980) which is a likely result of the elaborate orogenic and climatic history
of these ancient mountains. The clastic events that took place during the Ordovician period, about
488 million years ago created the rock foundation which has weathered over time into the mosaic
of landscapes that evident today. The region was likely also a refugium for northerly species during
peri-glacial periods. The mosaic landscape is therefore integrated with of a web of biologic
interactions (Peterson 2001) in which, the mountain camellia finds its niche.

The mountain camellia (Stewartia ovata) is a shrub of the family Theaceae, which includes
teas and related genera. Mountain camellias reach sexual maturity at about three meters tall, and
exhibit finely stripped bark with thin zig-zagging branches. The leaves of S. ovata are bright green,
deeply grooved, ovate and ciliated along the margins, with a long and broad axis. These deciduous
shrubs lose their leaves, typically in late October. The flowers of S. ovata bloom in late June for a
period of about two weeks. The flowers are a little under eight centimeters across and have five
petals with golden or purple stamens at the center (Wofford 1989). The large flowers, pleasant
aroma, and intricate bark stripes make the mountain camellia a desirable plant for gardeners,
landscapers, and conservationists alike (Curtis 1996). S. ovata grow in drainage areas are well
adapted to cold winters, but are sensitive to disturbances like fire or drought. (Wofford 1989)

S. ovata are an opportunistic sub-canopy ravine species that prefers acidic cove, and mesic
forests. Their habitat is generally defined by acidic soils, high moisture availability, and high levels
of sunlight (Johnston, pers. comm.). Cove forests tend to have tightly packed canopies, which limit
the growth S. ovata as it has been recorded to need a generous amount of sun-light to germinate
(Jack Johnston personal communication).

Plant distribution patterns depend on the available of nutrients, which are controlled by a
variety of biotic and abiotic factors. The complexity of ecosystem relationships make it difficult
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elapsed since disturbance at these sites, reflecting conditions conducive to the buildup and
development of larger S. ovata populations. In any case, I did find that the site with the largest
population of S. ovata, Overflow Creek, had the largest number of soil microinvertebrates. The
Overflow Creek site additionally had the lowest level of soil organic matter, perhaps because the
breakdown of soil organic matter by the microinvertebrates leads to greater uptake and mobility.

Soils and leaf nutrients

Cations are positively charged ions contained in soil organic matter. The ability for soils to
hold onto cations is called the cation exchange capacity, or CEC (Ketterings et al. 2007). Calcium,
magnesium, potassium, sodium, hydrogen, aluminum, iron, manganese, and zinc are the major
cations that can bond to negatively charged clay and soil organic matter. Therefore, the more
compacted the soil organic matter, the more difficult it is for plants to utilize soil nutrients. The
cations that are used in the largest amounts are calcium, magnesium, and potassium (Ketterings et
al. 2007), in my linear regression statistical analysis I found that calcium and magnesium levels
contributed to the distribution of S. ovata (table 5). I calculated the mean cation concentrations per
site and found that the P values for calcium and magnesium were (0.04) and (0.04), respectively,
for the total stem count which included both seedlings and adult stems. The null model suggested
that neither manganese, phosphorus nor zinc were significantly correlated with the total stem
count. I conducted an analysis of variance for the soil nutrients for all the sites and I found that all
sites varied significantly based on the suite of cations, with the exception of zinc.

I noted that aluminum levels in the leaf tissue were high for all 5 sites (fig. 3), which is
interesting because aluminum will replace silica and give soils a more negative charge, and
therefore the soils would be more likely to hold on to cations. Aluminum is not considered an
essential nutrient, although sometimes low concentrations increase certain plant growth (USGS,
2016) Aluminum has possible toxic effects at high concentrations, which is concerning given that
all the S. ovata sites exhibited high levels of aluminum. My leaf tissue analysis was conducted on
a small sample size, so from the results it is difficult to make any conclusive observations one
whether or not the plant uptake reflects soil nutrition. Additionally, due to the time of the year I
collected my leaf tissue samples the S. ovata samples were beginning to senesce. The time of
sample collection likely had an impact on the ICP test results.

Contrary to the results of my linear regression model, I found that the site with the largest
population of S. ovata had the highest concentration of available phosphorus. Phosphorus is an
essential component of ATP and allows plants to extract nutrients from the soil (Hyland, et al.
2005). The high level of phosphorus at the Overflow Creek site suggests that S. ovata abundance
is dependent on the availability and capability to utilize phosphorus to absorb nutrients.

Soil organic matter is the area of the soil which contains plant and animal tissue in various
stages of decomposition (Fenton et al. 2008). The soil organic matter levels at my S. ovata sites
varied slightly, with the lowest level at Overflow Creek as an outlier. Overflow Creek had the
largest abundance of S. ovata, the highest levels of phosphorus, and largest abundance composition
of soil microinvertebrates Because of this relationship, I predict this is why there was a low amount
of soil organic matter, and a high amount of phosphorus, but due to the small sample size this
should be further studied.

CONCLUSION
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Colloquially known as chestnut blight, Cryphonectria parasitica is an infective fungus
that specifically targets susceptible chestnuts, penetrating the cracks and natural wounds of the
tree until its capillaceous filaments fan out underneath the bark (Missouri Botanical Garden). The
pathogen ultimately interrupts the cambium and disrupts the functional xylem and phloem,
inhibiting nutrient and water transportation (Smith 2012). This results in browning of leaves and
localized bark mortality (Anagnostakis 2000, Smith 2012). Once the fungus erupts through the
dead bark as stromata, it is usually spread via two mechanisms. Small animals and insects
transport sticky condia as the reproductive structures from cankers are trapped by feet, fur, and
feathers (Rellou 2002). Ascospores are carried by wind, and more specifically, are ejected into
the air after triggering from a rainstorm, easily infecting nearby chestnut sprouts (Anagnostakis
2000). Chestnut blight typically will kill a chestnut before it becomes sexually mature,
prohibiting any resistance to develop. Although few mature chestnuts survive, sprouting from old
chestnut root systems is prolific, yet ephemeral, because Cryphonectria parasitica does not
affect the root system (Huang 1998, Smith 2012). In fact, it is conjectured that the root stocks of
most surviving chestnuts are at least a half a century old or older and have withstood disease,
timbering, fires, acid rain, and weather extremes (Burke 2007). All existing chestnuts are usually
saplings, and due to its inability to reproduce to any significant degree, the American chestnut is
considered a threatened species (Rellou 2002). Once a significant canopy species, blight has
constrained American chestnut to an understory species with a distinctly different niche, altering
the ecology of Appalachian forests (Griffin 1992, Burke 2012). Most chestnuts today are seen in
fairly xeric, well-drained upper slopes with a southerly aspect and poorly developed understory
(McCarthy 2012). Recent studies indicate that there is still considerable genetic diversity
amongst chestnut sprouts, especially in the Southern United States, but its genome may
deteriorate if not conserved in blight-resistant trees (Huang 1998, Kubisiak and Roberds 2003,
Dane and Sisco 2014).

There has been limited research thus far relating American chestnut size and number of
sprouts that impact inoculum levels. Previous research shows that there may be evidence for a
positive correlation between tree size and presence of fungal diseases (Falk et al. 1989, Griffin et
al. 2003, McCann and MacDonald 2012).

During the course of this study, a total of 510 American chestnut coppices were tagged,
mapped, and assessed for blight at three disparate sites: Yellow Mountain trailhead, Reynold’s
Gap, and Watershed 7 (with the latter two sites both located in proximity to Coweeta
Hydrological Station). Collected bark samples were plated and incubated in the laboratory in
order to verify the presence of blight. My primary objective is to examine our results and, by
utilizing mapping techniques in combination with recorded measurements, determine whether or
not there are any patterns exhibited in any three sites that may provide insight about the nature of
Cryphonectria parasitica. My prediction is that there will be a positive correlation between
Castanea dentata dimensions and coppice size and presence of blight, given that larger trees
have more surface area available for the development of multiple fungal entry areas and
subsequent infection. We therefore investigated whether or not height, diameter, and number of
stems per coppice played a role in vulnerability to chestnut blight, or if blight infection is random
and not consistent with any known variables.

MATERIALS AND METHODS

Data Collection
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parasitica (table 2). Average height was significantly higher at Reynold’s Gap (1.70556) than
either Watershed 7 (1.34236) or Yellow Mountain (1.34464). Average diameter was significantly
greater at the Reynold’s Gap (1.4367) site than either Watershed 7 (1.1005) or Yellow Mountain
(1.0755) as well, an expected result given the mean heights. Watershed 7 produced only a
slightly greater average diameter than Yellow Mountain.

TABLE 2. American chestnut stem height and diameter means at each sampling site (n=509).

Plot Type HeightA Diameter (cm)
Reynold’s Gap 1.70556A 1.4367A
Watershed 7 1.34236B 1.1005B
Yellow Mountain 1.34464B 1.0755B
(LSD) 0.1662 0.2246

AHeigh‘c was measured using a scale: 1=1- 5ft, 2=6-10ft, 3=11-15ft, 4=16-20ft, 5=21-25ft, 6>25ft.

Coppices verified as infected with blight (1.65658) exhibited significantly greater mean
height in range of size classes (table 3) than non-infected coppices (1.51005). Similarly, by a
larger margin, coppices infected with blight (1.4378) possessed a greater diameter than non-
infected coppices (1.2442).

TABLE 3. American chestnut stem height and diameter means based on presence of chestnut blight.

Presence of Blight Height* Diameter (cm)
Yes 1.65658A"° 1.4378A

No 1.51005B 1.2442B
(LSD) 0.1895 0.2462

AHeight was measured using a scale: 1=1- 5ft, 2=6-101ft, 3=11-15ft, 4=16-201t, 5=21-25{t, 6>25ft.

Reynold’s Gap exhibited a significantly greater mean height (1.7971) and mean diameter
(1.5331) than Watershed 7 (1.4692; 1.2737) and Yellow Mountain (1.4269; 1.1490). Watershed
7 and Yellow Mountain produced values comparable with one another in height and diameter
(table 4).

TABLE 4. Mean height and diameter of blight infected American chestnut stems (n=170).

Plot Type HeightA Diameter (cm)
Reynold’s Gap 1.7971A 1.5331A
Watershed 7 1.4692B 1.2737B
Yellow Mountain 1.4269B 1.1490B
(LSD) 0.2315 0.3007

AHeigh’c was measured using a scale: 1=1- 5ft, 2=6-10ft, 3=11-151t, 4=16-201ft, 5=21-251ft, 6>251t.

Following field collection of bark samples, samples were plated and cultured for
identification of blight infection. Bark samples collected in the field were not as reliable a form
of blight infection identification as bark samples cultured in the laboratory. A chi-square analysis
confirmed that visual identification in the field was not as adequate for recognition of blight
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Reynold’s Gap chestnuts are greater in average height and diameter than Watershed 7
and Yellow Mountain by a notable margin (table 1). Greater averages in these dimensions, and
therefore larger trees, may be attributed to local slope, soil type, and moisture conditions that
support heavy chestnut sprouting. Additionally, Reynold’s Gap boasts a greater average number
of stems per coppice than the other two sites, although percentage of infection is aligned fairly
congruently amongst the three sites (fig. 2, table 5). Because Reynold’s Gap has the greatest
average number of stems per coppice, it dominates the other two sites in most size classes (fig.
1). Collectively, all sites demonstrate size class distribution that is consistent with previous
assessments (Scrivani 2011).

Larger trees will have more surface area and therefore a greater opportunity for cracking
and wounding, which are easy entry points for Cryphonectria parasitica. Larger trees will likely
have greater branching nodes as well, a common location of fungal entry as the constant sway
and new growth splits the bark (Smith 2012). This may explain why my results show that trees
with greater dimensions have greater incidences of infection. It is unclear why blight correlates
with a greater average number of stems per coppice; perhaps this is due to the fact that blight can
travel more readily and without substantial obstacles between stems in a coppice rather than from
tree to tree. There’s a chance that dead central chestnut stumps are able to easily and quickly
infect circumferential sprouts. Close field observation suggests also that chestnut sprouts with
smooth, darkened bark appeared conspicuously healthier than lighter, striated bark, which
usually had more crevices through which the opportunistic blight may enter. One study suggests
that there is heartier sprouting in coppices with a dead central stump, which may be related to the
chestnut’s resource allocation properties (Stevens et al. 2014). It follows suit, then, that the heavy
coppicing in Reynold’s Gap is associated with greater concentrations of blight.

These results are consistent with previous studies pertaining to tree dimensions and
likelihood of fungal pathogen infection (Falk et al. 1989, Griffin et al. 2003, McCann and
MacDonald 2012). These results may also pave the path for establishing the age at which blight
is most likely to girdle and destroy. This offers insight to researchers attempting to develop
resistant strains by providing a dimensional frame within which to check experimental sprouts
for resistance. A major impediment to American chestnut recovery is its inability to survive long
enough to sexually reproduce and give rise to genetically evolved trees with nature-induced
resistance. These results provide understanding into chestnut blight dynamics so we can better
deduce how to manipulate chestnut growth, distribution, and breeding so that it may have a
greater chance of evading or surviving infection.

Successful reintroduction of the American chestnut will require far more than the
development of blight-resistant hybrids. Since there is evidence that forest canopy is affected by
habitat types, slope, shade tolerance, moisture, soil, and associated species, it is important that
further research investigates the preferences of the American chestnut (Bass 2002). It will also be
beneficial to the ongoing effort to restore this cherished tree to decipher where there are
concentrated areas of greatest genetic diversity. It is also worthwhile to study how blight
infection responds to changes in external stimuli like light, temperature and moisture. These
research ventures combinatorially would allow scientists to determine optimal conditions that
both facilitate maximum chestnut growth and occlude or retard chestnut blight development
when considering areas for reforestation with pathogen-tolerant seedlings.

This study in its entirety proposes that incidences of Cryphonectria parasitica are more
significant in trees that are larger and with greater levels of coppicing ability. This information
should be considered when developing strategies for the full resurgence of Castanea dentata into
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Endangered Species Act (USFWS 2013). The decline of Golden-winged warbler populations
augments the need for research and understanding of the breeding habitat and ecology of this
species. The Golden-winged Warbler Working Group was founded in 2003 to facilitate
communication and collaboration among scientists who work to produce region-specific
guidelines for the conservation of these warblers throughout their breeding and wintering ranges
(Roth et al. 2012).

Knowledge of the numbers and locations of Golden-winged warblers during their
breeding season in the southern Appalachian Mountains is limited. In the past decade, the North
Carolina chapter of the Audubon Society has collected data on the presence of breeding Golden-
winged warblers in western North Carolina. In this study, I developed a predictive habitat model
using NC Audubon Society breeding site data in order to better understand habitat availability
for Golden-winged warbler populations in this region. Development of this model constitutes
the first stage of a two-part study, the second of which will involve refinement and ground-
truthing of the model in the summer of 2017.

METHODS

In this study, I first analyzed data collected for the GOWAP/GWWA Atlas Protocol, a
survey procedure initiated by the Cornell Laboratory of Ornithology and carried out by the NC
Audubon Society in western North Carolina to locate occupied and potential Golden-winged
warbler breeding sites (Swarthout et al. 2009). The data I analyzed were collected from 1999
through 2013. Using ArcGIS 10.4™ (ESRI, Inc.), I clipped the occupied points to only include
those located within Jackson, Macon and Graham counties, NC, which gave me a sample size of
31 breeding sites—18 in Graham County, seven in Jackson County and six in Macon County.
Using a Digital Elevation Model (LIDAR collected by NC Floodplain Mapping Program and
processed by NC DOT), I generated slope, aspect and curvature layers for the selected counties.
County soil data were obtained from the United States Department of Agriculture Web Soil
Survey and vegetation height and type data from the United States Forest Service LandFire Data
Distribution Site. Next, elevation, slope, aspect, curvature, soil type, and vegetation type values
were extracted for all 31 sites.

Using the data collected in ArcGIS, I developed a predictive model to locate potential
Golden-winged warbler habitat by creating new elevation, slope and vegetation type raster layers
that included only the ranges of values or categories corresponding to where known breeding
sites were located. The elevation layer included elevations of 2,000 to 5,000 feet (610-1,524 m)
and the slope layer included slopes of 0 to 37%. The vegetation type raster included Developed-
Low Intensity, Developed-Roads, Southern Appalachian Oak Forest, Southern and Central
Appalachian Cove Forest, Central and Southern Appalachian Montane Oak Forest, Eastern Cool
Temperate Urban Herbaceous, Eastern Cool Temperate Developed Ruderal Deciduous Forest
and Eastern Cool Temperate Developed Ruderal Grassland. A new soils vector layer was created
from only those soils in which the warblers were previously found. T reclassified the original
vegetation type raster data into five categories: open developed land and herbaceous, shrub,
forest height 5-10 meters, forest height 10-15 meters, and forest height 15-20 meters in order to
run a Gradient North convolution filter in “Image Analysis” for edge detection.

After inputting the new elevation, slope, vegetation type, and edge analysis raster layers
in “Raster Calculator”, I clipped the resulting raster layer by the new soil vector layer to exclude
any pixels that were not associated with a soil type of an occupied site. The resulting model
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Attempts to draw patterns from the size, shape, and distribution of habitat patches are the
basis of the landscape ecology concept (Forman and Godron 1981). The composition of a
landscape can be described as the combined biotic and abiotic features present in a region; the
differences in their responses to existing conditions, such as bedrock material, and disturbances,
such as wildfires, give rise to a complex array of habitat patches. These patches are constantly
changing and shifting with disturbance; as former clearings grow back into forest; new clearings
are constantly being created elsewhere within the landscape (Urban et al. 1987).

Tracking spatial and temporal patterns reveals the fluid nature of landscapes. While these
changes are incomprehensible on a human timescale, we can see for ourselves the landscape
changes that affect the Golden-winged Warbler’s chances of survival. More in-depth studies
should be done to investigate the prediction and the distribution of suitable habitat for these birds
if we are to ensure their continued presence in the Southern Appalachians.
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North Carolina Habitat Assessment

In this element of the study, we examined stream reaches of 100 to 200 m in length and
assigned each site a total score ranging from 1 and 100, from very poor stream conditions to very
healthy stream conditions. To identify the conditions defined in the habitat assessment
worksheet, we observed and recorded the stream’s physical and geomorphological
characteristics. We also noted the specific weather and land use conditions under which the study
was conducted. We looked for evidence of channel modification, presence of instream habitat
types, quality and composition of bed sediment, and bank stability and vegetation.

When looking for evidence of channel modification, we noted channelization and
frequency of bends. To score instream habitat, we considered the percentage of the reach that
was favorable habitat for fish and aquatic macroinvertebrates. To do this, we looked for
existence of habitat types: rocks, macrophytes, sticks and leaf packs, snags and logs, and
undercut banks and root mats. The score assigned to this section were based on the number of
types of habitats present in the reach and the percentage of the reach available for colonization or
cover. When examining bottom substrate, we looked at the entire reach to generate a score, but
only looked at the riffles for embeddedness. We rated the substrate as: healthy substrate with
good mix of gravel, cobble, and boulders; substrate with only gravel and cobble; substrate with
mostly gravel; or substrate that is homogeneous. Within those categories, further classification
was prompted based on percent embeddedness (i.e. embeddedness <20%, embeddedness 20-
40%, etc.). Each classification was assigned a specific score that added up to the total instream
habitat score.

We examined reaches for the presence and frequency of pools and for variety in size and
dominant pool substrate. We looked at riffle habitats as well, noting whether riffles occurred
frequently or infrequently. Scores were assigned based on classification of riffles as: well defined
riffle and run; riffle as wide as the stream and extending two times the width of stream; riffle as
wide as stream but riffle length is not two times stream width; riffle is not as wide as stream and
riffle length is not two times stream width; or riffles absent. We also noted channel slope.

We also examined bank stability and erosion. We noted erosion areas on river left and
river right and classified the bank vegetation (i.e. diverse trees, shrubs, and grass versus sparse
mixed vegetation, etc.). We noted light penetration by classifying canopy as good, full, partial,
minimal, or none. Lastly, we examined the width of the riparian vegetative zone (an area of
natural vegetation adjacent to the stream) on river right and river left. We defined breaks in the
riparian zone as any place on the stream which allows sediment or pollutants to directly enter the
stream. We added individual section scores for the total score at the end, which can be used
across sites as a quantitative comparison of individual stream habitats.

We used a spherical crown densiometer to measure canopy cover over the stream. The
densiometer is divided into square sections. We counted the number of “dots” on the
densiometer, which reflected open canopy while facing north, south, east, and west. Each dot
represented a corner of a quadrant, with each quadrant being composed of four dots. Three points
within the channel—two near the respective endpoints of the surveyed area and one in the
middle—were surveyed to get an estimated average percent of open canopy. Additionally, we
used a Pocket Rod to take 20 measurements at randomly selected points along the studied area of
the stream in order to calculate average and maximum stream depth.
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percentage of each habitat type (i.e. riffle, run, pool, and glide) within the reach, resulting in a
total of 100 observations per stream reach. We measured the intermediate axes of randomly
selected bed sediment with a flexible ruler and classified the sediment as silt, clay, sand, gravel,
cobble, boulder, or bedrock (Wolman 1954). We used the results to develop relative and
cumulative percentages of sediment size classes and to determine median grain size (D50),
which is easily compared between sites.

Macroinvertebrates

We collected benthic macroinvertebrates using four different sampling methods: kick
nets, D-nets, leaf packs, and timed visual sampling at each of the six stream reaches. We took
four samples using each collection method, excluding visual samples. Timed visual samples
were collected throughout the reach of the stream for a total of 20 minutes. We collected samples
from riffles using kick nets and D-nets. When riffles were absent, we collected samples in other
habitat types. We preserved insects obtained from sampling in an 80% ethanol solution and
sorted specimens in the lab to order using dichotomous keys provided by Merritt et al. (2008).
Orders Ephemeroptera, Plecoptera, and Trichoptera were further keyed to family to create an
Index of Biotic Integrity (IBI). The EPT IBI is a biotic indicator used to gauge the health of a
stream by measuring the diversity and abundance of macroinvertebrates. The IBI was determined
at each individual site for the orders EPT using the following equation:

_ Xmnag
IBI = — (D

where n; is the number of individuals in a particular family, a; is the tolerance value associated
with the family, and N is the total number of individuals in the orders EPT (Hilsenhoff 1977).
Tolerance values were derived from a published list by Hilsenhoff (1988). We also determined
taxonomic richness by counting the number of unique families that were present at each site. We
separated families into trophic classes to provide information regarding their role within stream
ecosystems. Macroinvertebrate trophic classes include shredders, scrapers, piercers, predators,
and collectors (Merritt et al. 2008). Variable levels of diversity and abundance depend on how
severely the organisms are affected by the presence of pollution and other environmental
changes. Together, IBI and taxonomic richness can be used to qualify aquatic health and can be
employed to perform comparisons between sample sites.

RESULTS

At each studied site, we took a number of measurements reflecting the physical
conditions of the reach, including temperature, pH, average and maximum stream depth, channel
width, and bank height (table 2). There appear to be no noticeable patterns for any condition as
distance from headwaters increases, except for channel width which increases with river mile.
Temperature at SRC was not taken on the day of survey and was instead recorded the following
week. Temperature was not recorded for WR2.
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Stream Visual Assessment Protocol (SVAP)

Cumulative SVAP score and distance from headwaters were inversely correlated for all
six sites, with greater distance yielding lower scores. WRS, despite being the farthest site from
the headwaters, did not follow this trend and received a relatively high score (fig. 4). This
suggests that habitat suitability tended to decrease as distance from headwaters increased, with
the exception of WRS. SRC and WR1 received the highest scores, 3.7/4, while WR4 received the
lowest, 2.9/4. Between the six sites, bank condition, riffle embeddedness and streamside
vegetation quantity appeared to be the most variable (fig. 4). The sites with the highest scores for
bank condition tended to be largely free from man-made structures, while those with the lowest
scores showed some signs of modification nearby. The lower scoring sites appeared to
experience bank erosion as a result of runoff from these roads.

WR4, which scored the lowest both in regard to bank conditions and overall SVAP score,
suffered from both residential development on one bank and proximity to a road on the other,
thereby compromising bank stability. WR3 had the second lowest score due to the presence of a
highway on the right bank. In contrast, the left bank was fully forested. The road reduced the
right bank’s vegetation quantity to less than %5 of the stream’s width (score 1), compared to the
left bank having a riparian zone that extends least 2 stream widths (score 4). There were also
signs of erosion and bank failure on the right bank due to runoff from the road. Since the SVAP
score is an average of left bank and right bank scores, the high scores of the left bank seemed to
reduce the impacts of deterioration on the right bank. Habitat availability/cover score appeared to
be the best predictor of overall SVAP score, seeing as how scores for this characteristic tended to
decrease as distance from headwaters increased, with the exception of WRS. This suggests that
habitat availability/cover condition is strongly influenced by the aggregate conditions of the
other factors assessed in the SVAP.

The North Carolina Habitat Assessment and the Stream Visualization Assessment
Protocol are both used to qualitatively describe stream characteristics. There are many categories
in which they overlap, such as instream habitats, pool variety, bank stability, and light
penetration. However, they differ in the ways in which they score characteristics. The scores
themselves are subjective in nature, left to personal discretion in the field. Because of differences
in observer interpretation, the scores for the NC Habitat Assessment and SVAP were not always
consistent. A comparison between the two assessments (Figs. 5 and 6) yielded that there was no
correlation between the scores of corresponding components of both assessments. The
information collected on both forms is still valuable, however, when considering a site’s
suitability as macroinvertebrate habitat and stream health.

BEHI

As we sampled sites farther from the headwaters, we generally observed incrementally
lower BEHI scores (fig. 9). This pattern indicated that erosion potential is highest near the
headwaters at Silver Run Creek for this localized stretch of river. Most indices followed the same
decreasing trend, excluding bank angle, which increased with distance from headwaters (table 5).
Non-adjusted scores display a similar decreasing trend. Adjustment and surface protection scores
contributed the most to the final scores, while bank angle contributed the least. Subsequent
adjustments based on bank material are an important contribution to the final BEHI scores; we
see that all sites are given an adjustment score of 10, for the presence of sandy substrate in the
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upstream. Due to the mountainous nature of the region of study, the slope of study sites was
highly variable and impacted stream velocity, resulting in more variation in competency and
sediment size.

Pebble count distributions and D50 values appear highly variable across the extent of the
study with the lowest D50 value occurring at WR4 at 0.25-0.5 mm (fig. 17) and the highest at
WRS at 90-128 mm (fig. 17). The R*-value of 0.784 for the median particle size versus distance
plot (fig. 18) demonstrates that there is not a strong trend in particle size over distance. Again,
this is likely due to a high variability in slope between our study sites.

Variety of sediment sizes within a reach increases microhabitat for fish and benthic
macroinvertebrates, supporting greater local biodiversity (Vannote et al. 1980, Graga et al.
2004). Based on these criteria, sites such as WR3 with a more even distribution of sediment sizes
appear to have greater habitat diversity within the stream. WR3 also had a more even distribution
of habitat types consisting of 49% runs and glide, 20% riffles, and 31% pools (fig. 10).
Nonetheless, it is important to consider other factors such as embeddedness and riparian zone
width when assessing habitat diversity; these factors are included in the habitat assessment.
Pebble counts and morphological characteristics can still be used to give an idea of habitat
availability within the stream. WR4, for examples, had the smallest D50 values (fig. 17) and the
most uneven distribution of habitat types with 32% runs and glides, 68% pools, and no riffles
(fig. 10). These factors would contribute to the relatively low habitat score of 61 in WR4 (table
3).

Macroinvertebrates

We used EPT indices as a measure of overall stream health and, indirectly, of potential
pollutants in the water, as a greater number of taxa in each order typically indicates cleaner water
(NRCS 2012). Aquatic insects respond to various organic pollutants and display tolerance levels
to short and long-term contaminations of water quality (NRCS 2012). The highest number of
taxa was found at WRS, with 19 different families between the three orders. Plecoptera are the
most sensitive to pollutants and dissolved oxygen levels (Buchanan et al. 2011). Sites with the
lowest numbers of individuals in Plecoptera included WR1, WR2, and WR3. Existing literature
suggests that these low numbers could indicate the presence of pollutants or low levels of
dissolved oxygen (Wallace et al. 1996).

Though we did not sample water for dissolved oxygen levels or the presence of chemical
pollutants, other survey methods sought to qualify these factors. The Stream Visual Assessment
Protocol accounts for physical and chemical pollutants, the latter of which was only evident at
WR2 and WR4. Riffles are expected to have higher concentrations of dissolved oxygen than
other stream habitats (Connolly et al. 2004), so it is appropriate to use riffle presence and
frequency as a qualitative indicator of dissolved oxygen.

According to the Habitat Assessment form, riffles occurred infrequently at sites WR1 and
WR2, both yielding scores of 3. There were no natural riffles recorded on the Habitat
Assessment form at WR4, yet high levels of macroinvertebrates within the order Plecoptera were
found. In WR4, we observed that the stream bed had a large amount of leaf litter. Order
Plecoptera has a high number of shredder taxa, which feed on leaf litter, which could explain the
high number of Plecoptera despite the lack of riffles (NCSU 2008). Because our study sites were
located in low-order streams, we would expect shredders to be relatively high in number due to
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