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Section 1.1 Executive Summary

North Carolina wetlands have been affected negatively by watershed development.
Urbanization, agriculture and silviculture have altered the quality of stormwater runoff that
flows into wetlands and impacts surrounding upland buffers and wildlife corridors. Wetlands
can act as a natural filtering system for water quality by removing, reducing, or transforming
pollutants. This natural filtering is especially important with headwater wetland systems since
they are the primary water source for first order streams. These wetlands also reduce downstream
erosion by retaining stormwater runoff and releasing it more slowly after a heavy rain.
Headwater wetlands provide important habitat for macroinvertebrates and amphibians, both of
which are sensitive to stressors in their environment such as impacts to water quality and wetland
habitat, and deforestation of the surrounding upland buffer. Maintaining the ecological integrity
of these headwater wetland systems is necessary not only to protect wildlife habitat but also to
protect the water quality of the entire downstream watershed.

The original objective of this EPA Wetland Program Development Grant (CD 974260-01) was to
“elucidate the differences and similarities among amphibians, macroinvertebrates and vegetation
along a gradient of human disturbance within specific wetland types”. To meet this objective, a
NC wetland monitoring program was begun with a focus on the monitoring of physical,
chemical, and biological parameters of one type of wetland- headwater wetlands. Headwater
wetlands were chosen as the initial wetland type to monitor because these systems are a very
important natural resource found in the highest reaches of watersheds across the entire state. The
North Carolina Division of Water Quality (NC DWQ) conducted a monitoring effort on 11
Coastal Plain and 12 Piedmont headwater wetlands located along a disturbance gradient during a
two year period. Two physiographic regions were chosen to examine any variation of headwater
wetlands across these regions. Monitoring strategies were developed for wetland water quality,
hydrology, soils, amphibians, macroinvertebrates, and plants. Disturbance measurements of each
wetland were determined with the Ohio Rapid Assessment Method (ORAM is a wetland rapid
assessment) and a Land Development Index in order to analyze the abiotic and biotic data.

This study showed that headwater wetlands located in the Piedmont tended to be small bowl-
shaped wetlands that graded into narrow intermittent or perennial channels while headwater
wetlands in the Coastal Plain were flatter wider systems. Headwater wetlands are often impacted
by road crossings and ditches (especially in the Coastal Plain) that have the capacity to alter the
hydrology, water quality, and habitat structure. Impacts to the watershed and headwater wetlands
can be especially damaging since headwater wetlands affect downstream aquatic resources.
Regional differences as well as the quality of the wetland can cause variability between the soils,
topography, and vegetation, which can affect the water quality. In this study, water quality in the
Coastal Plain was more acidic and had higher levels of calcium and magnesium most likely due
to regional soil differences. Headwater wetlands that have maintained a natural condition are
forested with mature trees, primarily hardwoods with red maple (Acer rubrum), sweet gum
(Liqguadambar styraciflua), and tulip poplar (Liriodendron tulipifera) dominating in both the
Coastal Plain and Piedmont regions. Coastal Plain headwater wetlands tend to have a more dense
coverage of shrubs and understory trees while Piedmont headwater wetlands have a more diverse
and denser coverage of herbaceous plant species. A diverse array of amphibian and
macroinvertebrate species is found in headwater wetlands. Many amphibian species require the



fish-free conditions that undisturbed headwater wetlands provide. This study, found 26 species of
amphibians (17 in the Coastal Plain and 19 species in the Piedmont), 5 of which require fish-free
conditions, and 246 macroinvertebrate taxon (160 in the Coastal Plain and 175 in the Piedmont).

The water quality analysis showed that headwater wetlands effectively reduce pollutants in
downstream waters, have a significant correlation between water quality and the condition of the
wetland water quality and the condition of the watershed, and that headwater wetlands of lower
quality actually have a better capacity for reducing pollutants than wetlands of higher quality.
This last finding indicates that headwater wetlands still maintain the ability to filter pollutants
even when impacted by human disturbance. The hydrological analysis showed that headwater
wetlands located in more urban watersheds tended to have flashier hydroperiods than wetlands
located in more natural watersheds. During the growing season, the water table remained within
a foot of the ground level at least 46% of the time. The water table was within a foot of the
surface 75% and 72% of the growing season for the Coastal Plain and Piedmont sites
respectively. The water table for urban headwater wetlands sites was within a foot of the surface
during the growing season 62% of the time whereas natural sites had a longer period of 84%.
The soils analysis showed that magnesium, copper, and zinc soil content increased as the quality
of the wetland and surrounding buffer decreased. Draft Indices of Biotic Integrity (IBls),
composed of five to ten metrics, were developed from the amphibian, macroinvertebrate, and
plant monitoring survey results to measure how disturbance affects these biotic communities.
Candidate metrics were identified through the examination of the monitoring results and a
literature review of comparable studies. The amphibian and macroinvertebrate metrics responded
more to the specific water quality and soil chemistry disturbance rather than ORAM and LDI,
indicating these taxa are influenced more by water quality and soil chemistry than by wetland
condition (ORAM) and surrounding land cover (LDI). The plant metrics, however, did have a
strong correlation with LDl and ORAM. The biotic results of this study show there are
significant differences between amphibian, macroinvertebrate, and plant communities located in
headwater wetlands of variable quality.



Section 1.2 Purpose and Goals

The original objective of this Wetland Monitoring Grant (CD 974260-01) was to “elucidate the
differences and similarities among amphibians, macroinvertebrates, and vegetation along a
gradient of human disturbance within specific wetland types”. In order to meet this objective the
North Carolina wetland monitoring program was initiated with the physical, chemical, and
biological monitoring of 23 headwater wetlands located in the Piedmont and Coastal Plain
regions of North Carolina. Wetland sites located in urban, agricultural, and natural (i.e. primarily
forested) watersheds were chosen to meet this goal. Physical and / or chemical monitoring of the
abiotic headwater wetland characteristics was accomplished by surveying the water quality,
hydrology, and soils while biological monitoring of the biotic headwater wetland characteristics
was accomplished by surveying the amphibian, macroinvertebrate, and plant populations. A
second objective was to characterize and gain a better understanding of the water quality,
hydrology, soils, amphibians, macroinvertebrates, and plants of headwater wetlands in the
Piedmont and Coastal Plain.

PHYSICAL AND CHEMICAL MONITORING

The water quality monitoring was a particularly important part of this headwater wetland study
because states are required to protect the water quality of waters under Section 401 of the Clean
Water Act (33 U.S.C. 1344, U.S. EPA 1989). Water that originates in headwater wetlands
ultimately discharges into downstream navigable waters of the US. The primary goals of the
water quality-monitoring plan were:

1. To determine how the water quality of headwater wetlands within more
developed watersheds compared with the water quality of headwater wetlands
within more natural watersheds.

2. To determine whether headwater wetlands are able to filter pollutants by
comparing upstream station results to downstream station results.

3. To determine whether headwater wetlands located in a more natural watershed
have a better filtering capacity for removing pollutants than wetlands located in
a more developed watershed.

Secondary goals of the water quality monitoring included: 1) to compare Coastal Plain and
Piedmont water quality to see what variations existed between regions; 2) to compare headwater
wetland water quality to North Carolina stream water quality to see how headwater wetlands
differed from small perennial streams; 3) to compare water quality results through the different
seasons to see if there are any seasonal trends in water quality; and, 4) evaluate how individual
sites compared to each other with a cluster analysis.

The goals of the hydrology monitoring were to develop hydroperiods for 12 of the sites, six in
the Coastal Plain and six in the Piedmont. Sites located in urban, agricultural, and natural
watersheds were chosen to see if watershed development had any effect on the headwater
wetland hydroperiod. Seasonal trends were reviewed to see how hydrology changed across the



season. Additionally, regional comparisons were made to see if region had any significant effects
on hydrology.

The goals of the soil monitoring were to determine if the condition of the watershed or the
wetland had any effect on the chemical and physical characteristics of the soil. The soil samples
taken in the wetland, the downstream wetland corridor, and surrounding upland were also
compared to see if there were any significant differences. Lastly, a regional comparison of the
soil characteristics was completed to see how chemical and physical soil qualities compared
within regions.

BIOTIC AND CHEMICAL MONITORING

The main goal for the biotic monitoring was to develop separate amphibian, macroinvertebrate,
and plant IBIs that could be applied in the Coastal Plain and Piedmont regions of the state for
headwater wetlands. The IBIs were composed of 5 to 10 metrics, derived from biological
attributes such as species richness, percent predators, and percent tolerant species. Reviewing the
monitoring results and literature written on similar IBI development studies identified candidate
metrics.

A second goal was to gain a better understanding of the amphibian, macroinvertebrate, and plant
populations found in headwater wetlands and how they varied across regions. Additionally, for
the macroinvertebrates, we wanted to compare sampling methodologies; sweep, stove-pipe, and
funnel trap to determine which was the most efficient for sampling abundant and diverse
macroinvertebrates.

Section 1.3 Introduction and Background Information

Wetlands are a highly important feature of the landscape that provide ecological value at the
population, ecosystem, regional, and global level. At the population level, wetlands provide
ecological conditions that many species of plants need to survive, as well as habitat, refuge, and
food for many species of fish, amphibians, reptiles, birds, mammals, and macroinvertebrates. A
diverse array of macroinvertebrates such mayflies, stone flies and midges can be found in
wetlands, many of which are important for species higher on the food chain. Of the fish and
shellfish that are wetland dependent, 95% are harvested for human consumption (Mitsch and
Gosselink 2003). Most frog and toad species plus many salamanders require wetlands in order to
reproduce and therefore survive. Reptiles such as turtles need a mosaic of small wetlands in the
landscape to maintain population numbers. Many mammals, like beavers and muskrats, live in or
around wetlands, while other mammals utilize wetlands as a food source (e.g. raccoons) or a
place to bed down (e.g. deer). Wetlands are extremely important to birds, 80% of the American
breeding population and greater than 50% of the migratory bird population rely on wetlands.
Although wetlands only cover 3.5% of the US land area, approximately 50% of the threatened
and endangered federally listed species need the presence of wetlands to reproduce (Mitsch and
Gosselink 2000, Niering 1997, U.S. EPA 2002a). At the ecosystem level, wetlands filter polluted
waters, control floods, protect shorelines during storms, and recharge aquifers. These unique
systems are also aesthetically pleasing and provide a place for recreation and education for many
communities of people (Mitsch and Gosselink 2000, Niering 1997, Hansen 2006, Ohio EPA



2004). At the regional and global level, wetlands may play a significant role in the cycling of
nitrogen, sulfur, methane, and carbon dioxide gases (Mitsch and Gosselink 2000, Hansen 2006).

Historically, the importance of preserving wetlands as a natural resource was not widely
recognized. It has not been until more recent years that education and policy development have
slowed the trend of wetland destruction. The US has seen a 53% loss of wetlands in the lower
forty-eight states since the year 1700 (Mitsch and Gosselink 2000). The southeast has seen the
greatest losses of wetlands, primarily in the Atlantic and Gulf Coastal Plain region (Hansen
2006, USDA 2006). The draining of wetlands for agricultural purposes has had the greatest
impact on wetland loss. By 1930, 80 million acres of wetlands had been converted to agriculture.
This trend slowed during the depression years and WWII. However, by 1954 another 10 to 11
million acres had been converted primarily to agriculture. Wetland conversion slowed again
from 1954 to 1974, but during this time development and agricultural expansion shifted from the
Midwest to the gulf region and the southeast. The increase of urban expansion, especially in
Florida and North Carolina, were contributors to wetland drainage and fill (Hansen 2006, USDA
2006). In 1780 in North Carolina, there were an estimated 11,090,000 acres of wetlands that
were reduced to 5,690,000 acres by the mid 1980s resulting in a 44% reduction in wetlands over
200 years (Mitsch and Gosselink 2000). Federal wetland policies started to change in the 1970s
with growing public interest and awareness of the conservation of wetlands. The Clean Water
Act’s Section 404 established a program to regulate the discharge of dredged and fill materials in
waters of the U.S., while Executive Order 11990 directed Federal agencies to minimize the loss
and degradation of wetlands and to improve the health of wetlands (Hansen 2006). Other
provisions, which occurred between 1982 and 2002, that contributed to the decrease in wetland
conversion include “swampbuster” provisions of the 1985 Food Security Act, more stringent
enforcement of 404/401 permitting, changes in income tax treatment of conversion investments,
decreasing agricultural prices, and additional state regulations. For instance, in North Carolina a
Pre-Construction Notification (PCN) is generally required for impacts to wetlands that are
greater than 1/3 of an acre east of 1-95, and greater than 1/10 of an acre west of 1-95 (NC General
Certification 3705), which allows tracking of larger impacts.

Wetlands are formed by the interaction of biological communities with their physical and
chemical environment. This “interaction” has the capacity to be altered physically, chemically,
or biologically (U.S. EPA 2002a). Examples of physical alterations include dredging, draining,
filling, flooding, trampling with livestock, plowing, and the steepening of slopes. Wetlands can
be altered chemically by the introductions of pollutants such as pesticides, herbicides, metals,
and sewage. Biological alterations can come in the form of the removal of species through
logging and mowing and the introduction of species such as exotic invasives and ruderal natives
(U.S. EPA 2002a, 2002c). Minimal activities that impact watersheds and wetlands within those
watersheds allow biological communities to stay intact and continue functioning. However at
some threshold, these communities reach an unhealthy level which causes significant changes in
the wetland system quality and the ability of the system to function properly (U.S. EPA 20023,
2002b). Monitoring the biological health of wetland communities enables wetland managers to
recognize these threshold points and the status and trends of wetlands within a region.
Knowledge of threshold points and the status and condition of wetland within a region enables
ecologically sound decisions to be made regarding wetland management (Hansen 2006).
Monitoring of a wetland can also determine current ambient condition, whether the system is
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improving or degrading, and whether there are any seasonal patterns in wetland condition (U.S.
EPA 2002b).

Often standards used for wetlands are not based on measures that were neither tested nor derived
from empirical data that has been related to ecosystem processes or reference wetlands
(Fennessy et al. 2004). Monitoring in the form of bioassessments is a useful way to identify and
implement numerical wetland standards. Bioassessments are used to evaluate the health of a
wetland by measuring the condition of one or more of the taxonomic assemblages within that
wetland. It is believed that the community of plants and animals within a wetland system
reflects the underlying health of where they live. Studies have shown that solely measuring the
chemical and physical attributes is not always a direct indication of the health of the biological
communities within a wetland and is therefore not a practical approach to evaluate wetland
condition. Measuring chemical and physical attributes in conjunction with biological attributes is
still useful and can be used to interpret biological data, understand stressors, or the variability
between systems (U.S. EPA 2002a). Biological attributes are typically monitored in four
categories: 1) species richness and composition; 2) tolerance and intolerance (sensitivity) to
human activities; 3) trophic composition; and, 4) population characteristics (health and condition
of individuals) (U.S. EPA 2002c).

The ability to interpret the results of multiple biological attributes from different taxa can be
done with complex and extensive statistics or by the development of an Index of Biotic Integrity,
or IBI. An IBI is an index that combines several (preferably 8-10) metrics derived from
biological attributes and is used to represent a sites wetland condition (U.S. EPA 2002a). Unlike
statistical analyses, an IBI provides results that are easily interpreted and presentable to the
general public to understand. IBIs are a useful tool for understanding the condition of natural
wetlands as well as wetlands that have been restored, enhanced, and created. Separate IBIs
probably need to be developed for each wetland type as different wetland types have different
assemblages of plant and animal communities. In addition, IBIs need to be developed separately
for each taxon type as different taxon groups respond differently to stressors. In order to develop
an IBI, wetland study sites in the same wetland class must be located along a disturbance
gradient. Therefore the study sites chosen should contain wetlands that have been severely
degraded at one end of the spectrum and wetlands with minimal disturbance to be used as
reference sites at the other end of the spectrum. Biological attributes of the chosen taxon group
that have the potential to be used as metrics in an IBI can be identified by reviewing data results.
Some biological attributes within a taxon group will have an empirical and predictable response
to human disturbance and can therefore be used as a metric, while other biological attributes will
respond differently and therefore are not useable. Various measures of human disturbance such
as surrounding land-use, buffer presence and width, and proximity to other natural habitats can
be used to test biological attributes. Biological attributes (the dependent Y-axis variable) that
correspond to human disturbance measurements (the independent X-axis variable) can then be
considered as a metric and used in the final wetland class and taxon group IBI (U.S. EPA 2002a,
2002c).

The NC DWQ decided to use bioassessments and the development of headwater wetland IBIs for
amphibians, macroinvertebrates, and plants to meet one of the goals of the “Development of a
Wetland Monitoring Program in North Carolina” grant (CD 974260-01). Headwater wetlands, as



stated in Section 1.2, were chosen as the type of wetland to monitor due to their location within
watersheds and effect on down stream aquatic resources. Headwater wetlands are found at the
highest areas of the watershed at the head of and in association with first order intermittent and
perennial streams. These wetland areas tend to be bowl-shaped in the piedmont and mountains
while being somewhat wider and flatter in the coastal plain. These NC forested wetland systems
grade into first order intermittent and perennial streams through braided channels or seepage
areas. Headwater wetland plant communities are diverse and vary from the Piedmont to the
Coastal Plain. Headwater wetlands, though numerous within watersheds, are rarely if ever
greater than one acre in size in the Piedmont and Mountains.

The following Section 2 describes how the headwater wetland study sites were chosen and
provides maps and descriptions of the sites while Section 3 describes how human disturbance
referred to as “disturbance measurements” were developed and measured at each site. Section 2
also describes the statistical analysis and procedure used to develop the IBIs and analyze the
abiotic data. Sections 4, 5, and 6 provide details on the monitoring and results of the chemical
and physical attributes of the wetland sites that were monitored (Section 4 — water quality,
Section 5 — hydrology, Section 6 — soils). IBI development for the North Carolina wetland-
monitoring program of headwater wetlands is discussed in Sections 7, 8, and 9 for amphibians,
macroinvertebrates, and plants, respectively. Section 10 contains final conclusions and
recommendations for the North Carolina Wetlands Monitoring Program with respect to
headwater wetlands.



Section 2 Site Selection, Delineation and Descriptions
Section 2.1.1 Site Selection Methods

Twelve sites in the Piedmont and eleven sites in the Coastal Plain were chosen for this study (see
Figure 2.1). The NC Division of Coastal Management’s (DCM) NC Coastal Region of
Evaluation of Wetland Significance (NC-CREWS) data (NC DENR DCM, 1999) was first used
to locate headwater wetlands in the Coastal Plain. The DCM, NC-CREWS database had three
categories: “natural” headwater wetlands (undisturbed), “partially drained” headwater wetlands,
and “cutover” headwater wetlands. Thirty headwater wetlands were selected: ten each from the
three categories previously mentioned. Of the 30 sites visited, 3 were deemed usable for the
study. The rest of the Coastal Plain sites and the Piedmont sites were selected using a random
selection method with the North Carolina Atlas and Gazetteer (DeLorme 2003) since there was
low success of finding usable sites with NC CREWS. The latitude and longitude lines on the
pages of the NC Gazetteer were used to create a grid for the Piedmont (Charlotte North to
Virginia State line and east to 1-95) and Coastal Plain (I-95 eastward) regions of the state. Grid
cells were randomly chosen to represent focus areas to locate headwater wetlands. Cells that
were to close to or overlapping regional boundaries were not chosen to insure a distinction
between Piedmont and Coastal Plain sites would exist. Chosen grid cells that had potential areas
with headwater streams located within 1/2 mile of a road were then examined in the field to see
if a usable headwater wetland site existed. This method did have limitations since not enough
headwater wetlands located in urban settings were found initially with the random approach as
large swaths of NC land cover is located in rural areas. Urban areas within the Piedmont and
Coastal Plain were then targeted in order to find more usable urban wetlands to represent sites
affected more significantly by human disturbance. Aerial, soil, and topographic maps then were
utilized to locate these urban sites prior to field truthing.

Most study sites were located in 2003-2004; additional urban sites were located in 2005. Some
sites were abandoned and replaced due to landowner decisions, physical alterations of the site, or
sites not meeting study site criteria. The sites chosen had various levels of disturbance from
fairly pristine to highly disturbed and had at least 10-20% of the canopy with mature trees
(approximately 30-years old or >12 inches DBH). Most sites were located at the origin of a
stream. Sites in the Piedmont were typically bowl-shaped wetlands that graded into headwater
streams. Some sites were similar in the Coastal Plain while others were flatter, wider and
covered more area before a stream formed which was often well downstream of the study site
boundary.

Section 2.1.2 Site Delineation Method and Features Recorded with GPS

Study site boundaries were determined by measuring approximately 200 ft downstream from the
monitoring well location with measuring tape or a GPS unit. The 200 ft was measured along an
approximate “centerline” of the headwater wetland or first order headwater stream. This 200 ft
ending location was marked with flagging. An “ending site boundary” line was measured out
perpendicular to the site centerline. Both ends of the “ending boundary line” were flagged at the
edge of the wetland (usually in the Coastal Plain) or top of the headwater stream bank (usually in



the Piedmont) (see Figure 2.2). The wetland was then delineated using methods described in the
US Army Corps of Engineers Wetland Delineation Manual, 1987 (Environmental Laboratory
1987). Delineation points were marked in the field with flagging and recorded with GPS along
with the boundary line in order to determine the study site acreage (See Figure 2.2). For
situations where the 200 ft centerline crossed a road and or utility right-of-way with a non-
forested section of wetland, the utility right-of-way and road right-of-way was flagged separately
and notated in the GPS comments. The road right-of-way area was deleted from the overall study
site area but the non-forested wetland in the utility right-of-way remained.

GPS points were collected at the monitoring well location, water quality sampling stations,
vegetation plot boundary, macroinvertebrate sampling stations, and other areas of interest such as
points of disturbance (e.g. sedimentation). Sampling methods for hydrology, water quality,
vegetation and macroinvertebrates are described in later sections. GPS points were collected
using the Trimble GeoXT unit. All GPS points were differentially corrected and loaded into a
GIS database created for the headwater wetland monitoring sites. The GPS data collected
followed the “North Carolina - Statewide Global Positioning System (GPS) Data Collection and
Documentation Standards, Version 2” (http://www.richlandmaps.com/pdfdocs/ncgpstnd.pdf).
Typically, 20 or more GPS waypoints were taken with each GPS location point. All points were
recorded in state plane meters as the coordinate system.



Figure 2.1 Headwater Wetland Site Locations
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Figure 2.2 Hog Farm Upper Site Delineation Map
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Section 2.2 Site Descriptions

Table 2.1 lists each wetland sites, region, county, acreage, and latitude and longitude
coordinates. Appendix A also contains aerial maps of three Piedmont sites: one natural (Spring
Garden), two rural agricultural (the Black Ankle sites), and one urban (Walmart), and three
Coastal Plain sites: one natural (PCS), two rural agricultural (the Hog Farm Sites), and one urban
(Boddie Noell). Of the twenty-three sites, eighteen were on private land, three are on public
land, and the Nature Conservancy owned two sites. The 23 sites were located in 15 different
counties throughout the NC Piedmont and Coastal Plain.

In order to have a visual comparison of the study sites, a set of photo points was taken at the well
locations with a digital camera between 10 am and 3 pm. An 8-foot high vegetation range pole
made out of 2-inch diameter PVC with the feet clearly marked was placed next to the well.
Photos were taken from 10 meters away at 120° 240° and 0/360° from the vegetation range
pole. The camera was placed on a 4.5 ft stand in a level position for all photos. Photo point
locations were marked with flagging and recorded with GPS. All photos were taken without
flash. Digital photos were labeled with the site, date, and direction and cataloged in electronic
folders. Other photos taken were of wetland study site disturbance features (i.e. excessive
sedimentation, erosion, or road and utility crossings), amphibians, plants, and water sampling
stations. All digital photos from the study were labeled and categorized. Photo point photos for
Spring Garden, Black Ankle Non-Powerline, Walmart, PCS, and Hog Farm Upper and a site
photo for Boddie Noell are shown in Appendix A.

The following sections provide a brief description of each site. Information on the location,
topography, stream type, 100-foot buffer and surrounding landscape, and vegetation including
the dominant plant species, community type and presence of exotic invasives is provided.

PIEDMONT SITES

Black Ankle — Black Ankle is owned by the NC Chapter of The Nature Conservancy and is
located at their Black Ankle Preserve in Montgomery County. Black Ankle contains two sites —
Black Ankle Powerline, located immediately east of a powerline utility road, and Black Ankle
Non-Powerline, located 250 feet east of the powerline utility road. The Black Ankle Powerline
and Non-Powerline wetland sites both drain into the same small perennial stream which is an
unnamed tributary of Suggs Creek. The Black Ankle Powerline stream is ephemeral to
intermittent while the Black Ankle Non-Powerline stream is intermittent to perennial. The Black
Ankle Powerline and Non-Powerline sites do not overlap, but their 100 foot buffer areas do.
Black Ankle Non-Powerline has a fairly open canopy, shrub, and sub-canopy stratum while the
ground vegetation is quite diverse. The Black Ankle Non-Powerline site has a more closed
canopy with a dense herb and moderate shrub stratum. Agricultural farms exist to the north and
west of the two Black ankle sites. The Black Ankle Powerline site is narrower and has a fairly
open canopy while the Black Ankle Non-Powerline is more open and has a fairly closed canopy.
Both sites have a moderate shrub stratum with a dense and diverse and herb layer. The Nature
Conservancy regularly burns this preserve to enhance the herb layer. Some of the dominant tree
species at the Black Ankle sites include red maple (Acer rubrum), southern red oak (Quercus
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falcata), tag alder (Alnus serrulata), white oak (Quercus alba), red oak (Quercus rubra), black
gum (Nyssa sylvatica), and tulip poplar (Liriodendron tulipifera).

Duke Forest — The Duke forest site is located in Orange County on property owned by the Duke
School of Forestry. This site, unlike most Piedmont headwaters, is fairly flat and wide. The
headwater area drains into an ephemeral-intermittent stream that is an unnamed tributary of
Mountain Creek. There is a two-lane paved road located within 80 feet of the site with a cutover
area past that to the south. Otherwise the Duke forest site is colonized by and surrounded by
mature forest. Duke forest is composed of red maple, sweet gum (Liquidambar styraciflua),
dogwood (Cornus florida), willow oak (Quercus phellos), southern red oak, winged elm (Ulmus
alata), and hickory (Carya spp). The shrub and sapling layer is fairly open with a moderate herb
layer dominated with the invasive Nepalese browntop grass (Microstegium vimineum).

East of Mason — East of Mason is located adjacent to Old US 1 in Wake County. The historic
head area of the wetland is cut off with fill used to construct Old US 1. There is also some trash
near the road within 50 feet of the wetland study site. The site is bowl-shaped and has a nice
seepage area with mossy covered tussocks and good salamander habitat. The East of Mason
headwater wetland grades into an intermittent stream that is a tributary of Little Beaver Creek to
the north. The site is forested with mature trees in the buffer and throughout the site including
tulip tree, red maple, sweet gum, black gum, persimmon (Diospyros virginiana), and white oak.

Fire Tower — Fire Tower is another typical bowl-shaped headwater Piedmont wetland located in
Moore County. This site has a fairly narrow buffer area (averaging 50-60 feet) with a rural
residence to the southeast, abandoned mobile home park to the northeast and car junkyard to the
northwest. The crossing of Bensalem Church Road has bisected the Fire Tower site. The
construction of Bensalem Church Road filled a portion of the historic headwater that had graded
slowly into a stream. Water draining off the Fire Tower site has been diverted through a culvert
underneath Bensalem Church Road where it drains directly into an unnamed perennial tributary
of McLendon’s Creek. Fire Tower has a dense canopy on both sides of Bensalem Church Rd,
however the shrub layer is much more dense with a number of evergreen Ericaceae species
located in the headwater area while there is a more open shrub layer on the south side of
Bensalem Church Rd around the unnamed tributary. Some of the dominant species include sweet
pepper bush (Clethra alnifolia), sweet bay (Magnolia virginiana), red maple, tulip poplar, and
black gum.

Kelly Road — Kelly Road, similar to East of Mason, is located just to the northwest of Old US 1,
approximately two miles from the East of Mason site in Wake County. Kelly road is also bowl-
shaped and drains into an intermittent stream. At the northwestern side of the site the intermittent
stream widens into a 40’ by 40’ ponded area that has flooded due to the berm of a farm pond
located along the western site boundary. This ponded area is dominated with lizard’s tail
(Saururus cernuus) and does have a hydrological connection to the fish-stocked farm pond to the
east of the site. The west side of the farm pond drains into an unnamed tributary of Beaver
Creek. The Kelly Road site is not as high quality a habitat for salamanders as the nearby East of
Mason site. The moss-covered tussocks are absent and there is a large stand of golden bamboo
(Phyllostachys aurea) plus some dense areas of Smilax spp. and muscadine grape (Vitis
rotundifolia). Canopy trees are similar to the East of Mason site.
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Moonshine — The Moonshine site is owned by NC State University and is located within the
Raleigh city limits of Wake County. This site appears to be less bowl-shaped, but does drain
down a slope into an unnamed ephemeral tributary that drains into a perennial and ditched
tributary of Walnut Creek. The site and 100 foot buffer area is forested with mature hardwoods
with a fairly urban setting located outside this buffer. To the south is 1-40/440 and to the west
and northwest are the neighborhoods associated with Trawick Road and Centennial Middle
School, respectively. The Moonshine site has a fairly dense canopy and some dense sections of
shrubs in the headwater area with a moderate herb layer. Some of the canopy trees include red
maple, tulip poplar, sweet gum, white oak, and black gum.

Pete Harris — The Pete Harris site is more linear and less bowl-shaped than other Piedmont
sites. This site contains a narrow headwater section that grades into an intermittent and then
perennial stream, which is a tributary of Long Branch. To the east 150 feet is unused pasture, to
the north and to the south 200 feet are low traffic dirt roads. The site and the buffer area to 100
feet are primarily forested with mature hardwoods, however closer to the woods boundary the
buffer area is much more shrubby due to the edge effect. Also, the lower downstream portion of
the Pete Harris site has dense sapling and shrub growth indicating the area was more recently cut
over than the upstream portion of the site. The Pete Harris site is composed of red maple, tulip
tree, hickory, ironwood (Carpinus caroliniana), sweet gum, black gum and some loblolly pine
(Pinus taeda).

Spring Garden — The Spring Garden site is a fairly pristine bowl-shaped headwater wetland
located near Reidsville in Rockingham County. Most of this site’s 100-foot buffer is forested
with mature trees. There is a power utility maintenance road to the west within 50 feet and a
portion of a yard to the south within 100 feet. Spring Garden grades into an intermittent —
perennial stream, which is an unnamed tributary of Hunt Lake. Spring Garden is forested with
tulip poplar, red maple, spicebush (Lindera benzoin), sourwood (Oxydendrum arboreum),
American hazelnut (Corylus americana), sweet bay, sweet gum, ironwood, black gum, and white
oak. There is a moderate shrub and sub-canopy stratum. The herb layer is fairly diverse with
various species of ferns and sedges.

Troxler — The Troxler site is located in a very urban setting in the northern part of Burlington in
Alamance County. This site has some mature trees; however, the 100-foot buffer area has been
impacted by a factory to the southeast and south, an unmanaged open grassy area to the
southwest and northeast, and a recent clear-cut to the northwest that is both in the buffer and
along the edge of the site. The factories are located upstream from the site. The headwater
wetland grades into an ephemeral — intermittent stream that is an unnamed tributary of the Haw
River. The site is forested with tulip trees, red maple, box elder (Acer negundo), willow oak, and
sweet gum. Also present are a lot of poison ivy (Toxicodendron radicans), trumpet vine
(Campsis radicans), and Japanese honeysuckle (Lonicera japonica) indicating past disturbances
at this site.

Umstead — Umstead is located in the northern part of Umstead State Park in Wake County. The

site, its buffer and beyond are completely forested with mature hardwoods and loblolly pine.
Umstead is a typical bowl-shaped wetland that drains into an intermittent stream, which is an

14



unnamed tributary of Crabtree Creek. Umstead is forested with green ash (Fraxinus
pennsylvanica), white oak, sweet gum, red maple and American elm (Ulmus americana).

Walmart — The Walmart site is located in a developed area of Aberdeen in Moore County. The
Walmart 100-foot buffer has been highly impacted by a Walmart parking lot to the north and
Staples to the east, to the south is a retention pond. Developed areas continue beyond the 100-
foot buffer in all directions. Sediment and trash were noted in a few areas of this site. Walmart
is a bowl-shaped headwater wetland that grades into a perennial unnamed tributary of Watson
Lake. Walmart had a dense canopy of mature trees and a dense shrub area with sparse
herbaceous vegetation. Some of the dominant species include tag alder (Alnus serrulata), black
gum, tulip poplar, black cherry (Prunus serotina), red bay (Persea borbonia), sweet bay, green
ash, black gum, red maple, large gallberry (llex coriacea), greenbriar (Smilax spp.), and titi
(Cyrilla racemiflora).

COASTAL PLAIN SITES

Bachelor — Bachelor is located in rural Onslow County. The wetland itself is primarily
dominated by pocosin-like vegetation with dense evergreen shrubs and scattered canopy trees.
There is sheet flow from the wetland, which is located on flat topography, to an unnamed
tributary of Nine-mile Creek. The Bachelor site has a wide area of forested buffer to the north,
west and south that is primarily forested with loblolly pine. To the east is a farm retention pond
and horse pastureland. There are pools of standing water in acidic loam and loamy sand soils that
support matts of sphagnum moss heath family shrubs. Some of the dominant tree species include
sweet bay, fetterbush (Lyonia lucida), swamp tupelo (Nyssa biflora), sweet gum, red maple,
large gallberry, and coastal doghobble (Leucothée axillaris).

Battle Park — Battle Park is located at Battle Park, a forested Rocky Mount city-owned park in
Nash County. This site discharges water into the Tar River about 200 m to the east of SR43/48, a
high traffic road in Rocky Mount. The Battle Park site has a small headwater area approximately
40 feet long that drains to the south into a basin wetland. The basin wetland drains underneath a
walkway to the south into a retention area that overflows during storm events into the Tar River.
Both the headwater section and basin wetland are considered part of the study site. Prominent
tree species that are found in the Battle Park site include ironwood, red maple, hickory, pond
cypress (Taxodium ascendens, found in the basin section), and over-hanging beech trees (Fagus
grandifolia).

Boddie Noell — Boddie Noell is also located in Rocky Mount within Nash County in an urban
area. Boddie Noell is a forested site with a forested buffer that is greater than 100 feet on the
south and east sides. The buffer is forested for just less than 100 feet to the west while to the
north abutting the site boundary is Jeffreys Road. Boddie Noell drains to the north (or northeast)
through a culvert underneath Jeffreys Road to Goose Branch. To the west of the site is a business
park and to the north are urban neighborhoods. Some of the dominant vegetation at Boddie
Noell includes red maple, American elm, black gum, sweet gum, and poison ivy.

Cox — The Cox site is located some meters downstream of the exact headwater area. The upper
headwater area was clear-cut in 2004 and this site was then located downstream along the
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intermittent — perennial first order stream, which is an unnamed tributary of Fivemile Branch. To
the southeast of the site at the edge of the clear-cut area is a 3-4 foot deep ditch and dirt road.
The depth of the ditch most likely had some effect on the hydrology of this site. The 100-foot
buffer in other directions is completely intact and composed of mature hardwoods. The site is
dominated with dense evergreen waxy shrubs and mature canopy trees including red maple,
American holly (llex opaca), coastal doghobble, water oak (Quercus nigra), titi, and sweet
pepperbush.

East Fayetteville North — The Fayetteville sites are located in Cumberland County within a
half-mile of each other along Rock Hill Road. East Fayetteville North is located in a rural area
with pastureland to the north, forest to the east, neighborhoods to the south and Rock Hill Road
to the west. Most of the 100-foot buffer and site are forested with mature vegetation. The site is
fairly bowl-shaped and drains to the west toward Rock Hill Road. Water has ponded at the west
side of the site at the edge of Rock Hill Road due to clogged culverts. Ponding at the edge of
roads that headwater wetlands drain toward seems to be a fairly common phenomenon. Water
from both Fayetteville sites ultimately drains into a tributary of Locks Creek. Due to recent
blowdowns, some of the East Fayetteville site has dense, shrubby, pocosin-like vegetation (and
its accompanying organic-rich soils) with vines such as greenbriar and muscadine grape (Vitis
rotundifolia) growing among the red bay, red maple, swamp tupelo, and horse sugar (Symplocos
tinctoria).

East Fayetteville South — East Fayetteville South has a buffer that is primarily forested up to
100 feet wide on all sides. However directly outside the buffer is more pastureland and rural
homes and lawns. East Fayetteville south is bisected by Rock Hill Road so approximately two-
thirds of the site is to the east and one-third of the site is to the west of Rock Hill Road. Similar
to East Fayetteville North, East Fayetteville South drains to the west with ponding adjacent to
Rock Hill Road although it is less pronounced than the northern Fayetteville site. Vegetation is
fairly similar to East Fayetteville North however the shrub stratum is not as dense and there are
more ferns present. Species include sourwood, sweet gum, red maple, water tupelo, and netted
chain fern (Woodwardia areolata). It should be noted that in January 2006, DWQ lost the use of
the west side of this site near the headwater section due to landowner issues. Therefore the
upstream water sample was not acquired in April and July of 2006, water level measurements
were not taken at the well, and macroinvertebrates were only sampled in the downstream section
of the site.

Hog Farm Lower — The Hog Farm sites are located on an active hog farm in Sampson County.
Hog Farm Lower is located approximately a quarter mile to the northeast of Hog Farm Upper.
Hog Farm Lower is forested with mature trees within the site and most of the 100-foot buffer. To
the northwest, west, southwest, south, and southeast, primarily outside the 100-foot buffer, is
pastureland. The pastureland to the southwest, south, and southeast receives effluent from the pig
farm operation via broadcast spraying. These spray fields are located upstream of the site. Hog
Farm Lower contains a perennial unnamed tributary that drains into Coharie Creek. The site has
primarily mineral soil and is dominated by swamp tupelo, red maple, tulip tree, and some of the
invasive Chinese privet (Ligustrum sinense).
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Hog Farm Upper — The Hog Farm Upper site in Sampson County has a forested buffer that is
only about 50 feet wide in most sections. This site also receives drainage from the same effluent-
sprayed pasturelands located to the north and east of the headwater section of the site.
Pastureland is also located to the south and west. Hog Farm Upper, unlike Hog Farm Lower, has
organic soil and a fairly obvious wide wetland area in the headwater section that grades into an
unnamed perennial tributary of Coharie Creek. Hog Farm Upper does have a mature canopy,
however the shrub stratum of much of the wetland site and buffer area is dominated with
invasive Chinese privet. Other dominant species include tulip poplar, American holly, coastal
doghobble, red maple, and loblolly bay (Gordonia lasianthus).

Nahunta — The Nahunta site is located in Wayne County. The site itself is completely forested
with mature trees, however only the buffer area to the south is forested to 100 feet and beyond.
The site has a racecar track located to the southeast, pastureland to the north, and Old Kenly
Road to the West. Nahunta is a flat headwater area located on organic soils with pools of water
and pockets of saturation. This site drains to the west directly into the perennial stream flow of
Dennis Branch. Nahunta is dominated with sweet gum, red maple, tulip poplar, tag alder, and
also has a section (on the north side especially) that is dominated with the invasive Chinese
privet.

PCS — PCS is located in Beaufort County on PCS Phosphate mining property. PCS is forested
with mature hardwoods and also has a forested buffer that is at least 100 feet wide along most of
the site. The buffer area and forested area that continues past the buffer contains numerous
loblolly pine trees in addition to hardwoods. Homes are located directly to the northeast and
southeast of the PCS site. PCS is a large, wide, flat headwater area with muck soil that drains to
the east through a culvert under highway 306. PCS is vegetated with a number of evergreen trees
and shrubs. Some of the dominant species include red bay, red maple, sweet bay, American
holly, coastal doghobble, large-leaved gallberry, and swamp tupelo.

Rough Rider — The Rough Rider site is located in Gates County. The Rough Rider site and all
but one section of the 100-foot buffer are forested with mature trees with a moderate shrub and
more sparse herb stratum. There is an agricultural field located to the southeast that cuts into the
buffer area as well. To the southeast and north are forested areas, and to the west are several rural
homes located along a dirt road. This site has more of a slope than the typical headwater wetland.
The seepage drains down-slope to the east into a section of narrow bottomland forest associated
with a perennial second order stream that is an unnamed tributary of Duke Swamp. Some of the
species that have colonized the Rough Rider site include sweet gum, water oak, red maple, tulip
tree, loblolly pine, and sourwood.
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Table 2.1 Site Descriptions

Site Name County Acreage |Latitude Longitude
Black Ankle Non-Powerline MONTGOMERY |0.65 3530 9.28 |794910.52
Black Ankle Powerline MONTGOMERY |0.25 3530 7.69 |795545.12
Duke Forest ORANGE 0.70 3558 3.51 |79 0550.68
East of Mason WAKE 0.50 36 3513.11 |78 55 32.97
Fire Tower MOORE 0.68 3520 9.51 7936 2.94
Kelly Rd WAKE 0.63 3542 25.03 |78 52 58.92
Moonshine WAKE 0.67 3545 12.66 |78 41 35.40
Pete Harris WARREN 0.59 36 17 42.52 |78 06 24.27
= Spring Garden ROCKINGHAM 0.55 3621 11.00 |794321.46
o [Troxler ALAMANCE 1.16 36 06 54.27 |79 28 25.99
% Umstead WAKE 0.70 3551 33.96 |78 46 11.67
a |Walmart MOORE 121 3509 32.81 |79 2518.93
Average 0.69
Bachelor ONSLOW 1.38 3447 3.97 |77 39 42.60
Battle Park NASH 0.60 35574253 |77 48 16.41
Boddie Noell NASH 0.79 3558 24.73 |77 49 0.87
Cox COLUMBUS 0.81 3416 49.49 |78 47 3.62
East Fayetteville North CUMBERLAND  ]1.19 3504 30.12 |78 47 46.61
East Fayetteville South CUMBERLAND |0.75 3504 9.82 |78 47 49.02
< |Hog Farm Lower SAMPSON 4.02 3448 57.19 |78 20 40.20
f—f Hog Farm Upper SAMPSON 2.70 34 48 44.78 |78 20 50.67
© |[Nahunta WAYNE 3.94 353017.06 |78 04 58.83
L IPCS BEAUFORT 6.14 3516 58.65 |7651 18.38
3 Rough Rider GATES 1.85 36 3129.19 |76 42 28.39
Average 2.20

Section 2.3 Field Survey Methodology Outline

Field data was collected on water quality (Section 4), hydrology (Section 5), soils (Section 6),
amphibians (Section 7), macroinvertebrates (Section 8), and plants (Section 9). The following
provides a brief description of the methods, which are described in detail in Sections 4-9.

1. Water Quality — Water quality was monitored quarterly for 18 months from April 2005
to July 2006 at two to three established “upstream”, “downstream”, and “further
downstream” stations (three stations in Coastal Plain sites only). The pH, dissolved
oxygen, specific conductivity, and temperature were taken each quarter and water
samples were collected for total suspended solids, turbidity, fecal coliform, nutrients
(NO2+NOs3, phosphorous, ammonia, and total Kjeldahl), metals (lead, copper, zinc,
calcium, and magnesium), total organic carbon, and dissolved organic carbon. Due to
seasonal and specific site conditions, surface water samples were not always obtainable.
In some of those situations soil pore water samples were obtained (see Section 4).
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Hydrology — Data was collected at each site via a two foot deep, hand augered
monitoring well. The water level depth in each monitoring well was taken by hand at 11
of the sites at least every three months, and 12 of the sites every half hour with In-Situ
pressure transducers (Level Troll 500, c2005). Data from the pressure transducers was
collected in the field and downloaded to a spreadsheet program every three months.
Pressure transducer water level readings were always field proofed with measurements
taken by hand every three months (see Section 5).

Soils — Samples were taken at 10 stations within each wetland: four in the wetland, two
downstream and usually along the stream corridor, and four in the surrounding upland.
Each soil sample was examined in the field for the number of horizons and color, texture
and width of each identified horizon. Soil samples were collected for each horizon at
each station for all sites and analyzed for nutrients (phosphorus, nitrate, nitrogen,
potassium, calcium, magnesium, and sodium), metals (also called micronutrients-
manganese, zinc, and copper), weight/volume, exchangeable acidity, sum of the cation,
cation exchange capacity, base saturation, and humic matter. All samples were analyzed
at the North Carolina Division of Agronomy, Soils Testing Lab | Raleigh, North Carolina
(see Section 6).

. Amphibians — Semi-qualitative amphibian survey of approximately three man hours per
acre was performed in March and June of 2005. All visual and auditorial observations of
amphibians were recorded. Voucher specimens and / or photographs were taken for
identification and record purposes for all captured amphibians that were not identifiable
in the field. Dip-nets for standing water areas, potato rakes for moving logs, funnel traps,
and a tape recorder were used to aid with the amphibian survey work (see Section 7).

. Aquatic macrobenthos — Up to five (depending on the specific site condition)
macroinvertebrate sample stations were established at each site. Macroinvertebrate
samples were collected with sweep nets, stove-pipe samples, and funnel traps in March
and April of 2006 (see Section 8).

Plants — A qualitative presence / absence plant survey was performed at all sites in the
fall of 2004 or spring of 2005. A quantitative survey was performed using methodology
derived from the Carolina Vegetative Survey (Peet et. al. 1997). This methodology
included surveying the presence and coverage of all plant species and diameter at breast
height of the woody species (see Section 9).
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Section 3 — Index of Biotic Integrity and Disturbance Measurements
Section 3.1 — Index of Biotic Integrity Development and Statistical Analyses of Biotic Data

Indices of Biotic Integrity (IBIs) were developed for the three biotic sections- amphibians,
macroinvertebrates, and plants of the Wetlands Monitoring Grant (methods used to evaluate the
abiotic sections of the grant are described in section 3.5). A set of biological attributes were
identified and evaluated for use as candidate metrics in taxa specific IBIs (i.e. amphibians,
macroinvertebrates, and plants). Different types of biological attributes were evaluated for each
taxa group such as species richness, percent tolerant species, and percent sensitive species. The
exact biological attributes that were evaluated and chosen as candidate metrics for each taxa
group are described further in Sections 7, 8, and 9 for amphibians, macroinvertebrates, and
plants, respectively.

Various wetland disturbance measurements were produced in order to test candidate metrics for
each taxa group. The disturbance measurements used to test metrics include a Level 1 GIS
assessment (LDI — Land Development Index), Level 2 wetland rapid assessment (ORAM — Ohio
Rapid Assessment Method), and Level 3 summary of the intensive survey of each site’s water
quality, and soils. The development of the disturbance measurements are described in detail in
the following sections 3.2 - 3.4 and summarized in Table 3.2 located at the end of Section 3.

The disturbance measurements (the independent X variable) and the candidate metrics (the
dependent Y variable) for each taxon group were tested for normality by plotting normal quartile
plots and using the Shapiro-Wilk W Goodness of Fit test (p-value < 0.05 indicated a normal
distribution). Pairwise comparisons using correlation analyses, including Spearman’s Rho (a
non-parametric test) and Pearson’s correlations, were run for the candidate metrics of each taxon
group against the disturbance measurements. For the Pearson’s correlation, disturbance
measurement and candidate metrics that did not have a normal distribution were transformed
using a log 10 transformation prior to running a Pearson’s correlation. Correlations results of
candidate metrics and disturbance measurements that had a p-value < 0.15 were considered
significant and therefore potentially usable as a metric in the taxon group’s IBI. Correlation tests
were run using both sets of regional data together and using the Coastal Plain and Piedmont
regional data separately (See Sections 7, 8, and 9).

Multiple regression was also used to evaluate candidate macroinvertebrate metrics against
disturbance measurements. A stepwise regression technique was used in which various candidate
metrics established for the macroinvertebrate IBI were used as predictor variables in the
regression model and the various measures of disturbance were used as dependent variables.
Therefore, the use of the macroinvertebrate candidate metrics was used to build a regression
model to predict disturbance in the wetland.

Section 3.2 — Level 1 - Land Cover, Disturbance Score and Correlation Analysis
A Land Development Index (LDI) value was calculated for each site’s watershed and 300m and

50m buffer using a method similar to that described in Brown and Vivas (2003), “A Landscape
Development Intensity Index”. An LDI value estimates the potential impacts from
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anthropomorphic influences on the land cover by evaluating the land cover in a designated area.
LDI values are essentially a human-related disturbance score. US Geographical Survey
topographical quad maps were used to determine the watershed boundaries for each site. Land
cover parcels were delineated and assigned a land cover type value (see Table 3.1) with ArcGIS.
A 2006 DOQQ aerial and on the ground observations were used to delineate the land parcel
polygons for all land area located within each site’s 300m buffer or watershed. Heads-up
digitizing of hand drawn lines was used for the GIS analysis that was then used to determine the
acreage of each digitized land parcel for each site’s watershed, 300m buffer, and 50m buffer. A
Land Development Index coefficient was then assigned to each Land Cover type (see Table 3.1
below). Lastly, the following equation was used to determine the Land Use Index value for the
watershed of each site. LDI values were also calculated using the same methodology for a 300m
and 50m buffer radius for each wetland site.

LDlvota = 2, %Lui * LDIi

LDItotai = LDI ranking for landscape unit
%Lui = percent of the total area of influence in the land use i
LDI;i = landscape development intensity coefficient for land use i

Table 3.1 Headwater Wetland Land Cover Type and Index Values
Land Cover Types for wetland study site LDI Coefficient
watersheds and one-mile buffers
Natural Areas

Water Bodies

Unmanaged Herbaceous Upland
Unmanaged Herbaceous Wetland
Managed Herbaceous Upland
Pine Plantation

Unconsolidated Sediment
Cultivated

Low Intensity Developed

High Intensity Developed

OO |IWIWININ|F|-

LDI values with a higher score indicated the land use for the watershed; 300m buffer and 50m
buffer were more heavily impacted by human usage (see Table 3.2). LDI values for the site’s
watersheds, 300m buffer, and 50m buffer ranged from 107 to 595.5, 116.3 to 579.1, and 100 to
516.1 with an average of 242.7, 251.3, and 164.6 and medium 219.9, 213.2, and 120.4
respectively.

It should be noted that the assignment of cover types to land parcels surrounding each site was
based primarily on photo interpretation and in the field ground-truthing. Originally, the 1996
LandSat Coverage was reviewed as an already existing dataset for the LDI calculation. However,
a comparison of recent aerials and our on the ground knowledge indicated that the LandSat
Coverage was 20-40% inaccurate and was deemed unusable. Some of the land coverages that
were more similar on an aerial may have some inaccuracies such as Managed and Unmanaged
herbaceous upland were differentiated by the presence of scattered trees and shrubs (indicating
managed). High density and low density development was also a subjective judgement base on
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in the field observation. Generally neighborhoods were considered “low” density while strip
malls and 4-lane roads were considered high density.

Section 3.3 — Level 2 — Ohio Rapid Assessment Method

The Ohio Rapid Assessment Method v. 5.0 (Mack, 2001, see Appendix B for copy of ORAM
form) was used to calculate a disturbance score for each of the wetland sites. ORAM is an
existing functional evaluation tool that was suggested for use by the EPA. ORAM contains six
rapid assessment metrics: 1. wetland area, 2. upland buffers and surrounding land use, 3.
hydrology, 4. habitat alteration and development, 5. special wetlands, 6. plant communities,
interspersion, and microtopography. Metric 5, which was specific to Ohio wetlands, was not
used in the assessment. Both project coordinators and a technician completed the assessments
independently to avoid bias. The maximum score for a quality wetland in NC would be 90
without the use of metric 5. Headwater wetland site ORAM scores were normally distributed for
both the Coastal Plain and Piedmont combined and ranged from 20.5 to 74.3 with an average
score of 52.9 and median score of 55.8 (see Table 3.2). The North Carolina wetland rapid
assessment method, NC Wetland Assessment Method (NCWAM), has been developed however
the scoring calculator was being finalized when the analysis for the report was being completed.
Additionally, NCWAM is a “functional” evaluation as opposed to a “conditional” evaluation like
ORAM. ORAM contains some general metrics that appear to be usable for evaluating NC
wetlands although ORAM has not been specifically calibrated for NC. Metrics 2, 3, and 4, are
all completely applicable to describing NC headwater wetlands. Metric 1, acreage, would
typically result in a lower score for smaller wetland types, like Piedmont headwater wetlands,
therefore some of the Coastal Plain sites may have scored a point or 2 higher. Metric 6a, wetland
vegetation communities, contains some answers that would not be appropriate for headwater
wetlands like “mud flats” and “open water”. In this study, headwater wetlands are not being
compared to other types of wetlands that would have mudflats and open water. Headwater
wetlands also typically have low or no horizontal dispersion as described in Metric 6b, but again
headwater wetlands are not being compared to other wetland types in this study. Metric 6c,
invasive plant cover, and 6d, microtopography, are applicable for headwater wetlands.

Section 3.4 — Disturbance Measurements Developed from Level I11 Intensive Surveys
Section 3.4.1 — Water Quality Disturbance Measures

Disturbance measurements for water quality parameters were developed with average site
surface water quality results for 19 water quality parameters. These include ammonia, calcium,
copper, dissolved organic carbon (DOC), dissolved oxygen (percent and mg/L), fecal coliform,
lead, magnesium, nitrite + nitrate (NO2+NO3), phosphorous, specific conductivity, total kjeldahl
(TKN), total organic carbon (TOC), total suspended solids (TSS), turbidity, and water
temperature, zinc and pH. The soil pore water quality results (no dig results) were not included in
the average calculation, see Section 4. Summing the relative averages of the surface water results
was also used to develop combination water quality disturbance measurements for all the sites
together and for each region separately. The combination disturbance measurements that were
developed are a nutrient disturbance measurement (NO2+NO3, TKN, phosphorous, and
ammonia); a metals disturbance measurement (copper, lead, zinc, calcium and magnesium); a
copper-lead-zinc disturbance measurement; and a pollutant disturbance measurement that
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included the four nutrients, five metals, total suspended solids and specific conductivity. The
different measurements, including the average surface water quality results and four different
combination disturbance measurements were tested for normality by plotting normal quartile
plots and using the Shapiro-Wilk W Test (P > 0.05 indicated a normal distribution). Normality
tests were done with the data of 23 sites together and with the regional specific data separately.
The combination disturbance measurement for each region (the average relative nutrients +
relative metals + relative fecal coliform + relative TSS + relative specific conductivity) is
displayed in Table 3.2. All other water quality disturbance measurements are found in Appendix
C Tables C.3.1, C.3.2, and C.3.3.

Section 3.4.2 - Soil Disturbance Measures

At each wetland site, 10 soil samples were collected and analyzed for a number of parameters
including pH, copper, lead, and zinc. As explained in Section 6, four samples were collected in
the upland, four samples collected in the wetland, and two more samples collected in either the
lower wetland or stream areas (bank of stream) of the site (collections adjacent to the stream
along the bank were often done for Piedmont sites, especially). The average value for each site’s
four wetland samples, two stream samples, and six wetland plus stream samples in combination
were calculated for pH, copper, lead, and zinc at each site. The average wetland, average stream,
and overall average of wetland and stream results were used as disturbance measurements for
soil pH, soil copper, soil lead and soil zinc (see Table 3.2). Upland soil samples were not used as
disturbance measurements or in the disturbance measurement calculation as all
macroinvertebrate samples were collected in the site’s wetland or stream areas (See Section 8).
In addition, many of the amphibians were observed in the wetland or stream areas of the study
sites during the amphibian survey (see Section 7).

Section 3.5 — Statistical Analysis of Abiotic Data

Various statistical tests were used to analyze water quality, hydrology, and soils data. Similarly
to the biotic indices, abiotic data sets were tested for normality by plotting normal quartile plots
and using the Shapiro-Wilk W Goodness of Fit test (p-value < 0.05 indicated a normal
distribution). The water quality analysis used the Analysis of Variance (ANOVA) and ranks
sums tests to determine significant differences between regional data sets (Coastal Plain
compared to Piedmont) and station location data sets (upstream compared to downstream
stations) for the different parameters. Both the ANOVA and ranks sums test were used for the
station comparison tests within region but only the ranks sum test was used for the station
comparison tests within sites due to the small sample size. The ANOVA assumptions were also
checked by performing a Goodness of Fit test (p-value < 0.05) on the error residuals. The
Spearman’s Rho correlation analysis was run on the water quality parameter data sets and the
disturbance measurements, ORAM and LDI (see sections 3.2 and 3.3). An exploratory cluster
analysis was also performed on the water quality data to see which sites were more similar or
less similar based solely on water quality results (see Section 4). The data for the hydrology was
presented in graphical form, showing the hydroperiods. Water level fluctuations in the
headwater wetlands were recorded from about January 2006 to April 2007. No statistical tests
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were done on the hydrology data. The soils data were summarized using means for the soil
parameters. Analysis of Variance was used to analyze the soil data along the variables of
ecoregions (Coastal Plain and Piedmont), Sample location (Wetland area, Centerline, and
upland), and topography. A p-value of <.06 was used for determining significance.

Section 3.6 — Statistical Concerns

The problem of the inflated alpha (p-value) was of concern. In any statistical analysis, the more
tests that are performed, the higher the potential to commit a Type | error (i.e. a false significant
result). Multiple correlations, regressions, ANOVA’s, and rank’s sums tests (Wilcoxon and
Kruskal-Wallis) were performed, thereby increasing the likelihood that a Type | error may occur.
DWAQ is willing to accept that risk given the exploratory nature of this research. In other words,
DWQ wants to discover all possibly significant results in order to guide future research and
analysis, as this research will continue. During future monitoring studies, as more data are
collected the statistical analysis will become more refined and the significant results will be less
likely to be at risk of a Type I error.

In a similar manner, DWQ has chosen to accept a larger significance level for the same reasons
stated above, plus the fact that field research by its very nature, is less likely to have the same
level of control as a laboratory experiment. Therefore, a p-value < 0.15 was considered
significant for many of the statistical results. Due to these decisions to accept a greater risk of
Type | statistical error, DWQ believes that the risk is not only acceptable given the stated
reasons, but also that these results will show practical significance. For example, an important
“practical” result for a downstream water quality parameter that showed improvement would be
a statistically significant result of p-value < 0.15 as opposed to the traditional p-value of < 0.05.
There is also more confidence in the “practical” significance of a p-value < 0.15 for the
downstream water parmameter that showed improvement if other downstream water quality
parameters that show improvement have similar p-values of < 0.15. There will then be greater
confidence in not committing a Type 1 error as more water quality parameters show
improvement with at least a practical significance level of a p-value < 0.15. Finally, a number of
statistical tests performed used a stricter p-value of < 0.10 or < 0.05 and are specified in the
various method sections. Finally, the exact p-values for the significant results are always
reported in each of the results and conclusion sections.
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Table 3.2 Headwater Wetland Disturbance Scales Used to Test IBl Candidate Metrics

Water
ORAM | watershea | Bufler | Bufier | Q1Y | gl | Avesols | gk
. . Value Value Value Scale* PH Zinc
Region | Site Name

Batchelor 69.83 1.9688 1.8758 1.2481 48.5 3.83 0.58 2.12

Battle Park 55.83 3.7166 3.3477 1 141.34 4.68 0.74 3.24
Boddie Noell 35.5 2.1992 3.9169 2.235 144.6 4.44 0.66 2.21

.% Cox 43.67 2.5345 1.88 1.2906 87.13 4.56 0.25 0.67
o East Fayetteville North 70.5 2.2652 2.2205 1.0993 59.05 4.48 0.74 1.18
= East Fayetteville South 57 1.5135 1.9417 1.406 140.49 | 4.22 0.5 1.37
§ Hog Farm Lower 37.67 2.6053 2.263 1.6622 86.56 4.47 0.76 2.61
O Hog Farm Upper 42.67 2.669 2.7204 1.1758 219.51 5.15 0.47 3.95
Nahunta 47.67 2.9807 2.9719 2.4159 120.13 4,99 0.68 3.49

PCS 57.17 1.3717 1.5985 1.204 97.06 3.84 05 2.68
Rough Rider 64 2.0479 2.3439 1.4005 55.64 473 0.1 0.85

Black Ankle Non-Powerline 64.17 2.3289 2.0975 1.1198 99.46 4.46 0.92 1.19

Black Ankle Powerline 58.33 1.5503 2.1324 1.0273 140.76 4.52 0.67 1.44

Duke Forest 535 1.151 1.2591 | 1.0748 83.88 | 6.16 | 2.02 1.2

East of Mason 60.33 1.2907 1.9306 1 161.91 4.48 0.45 3.39

Y= Fire Tower 455 3.2091 2.3031 2.6598 99.58 4.72 1.26 4.66
£ | KellyRd 48.33 2.0395 1.8302 | 1.5308 70.04 4.54 0.83 5.57
g Moonshine 42 3.1222 3.9891 1.0081 75.42 4.65 0.53 14
o Pete Harris 59.67 1.7574 1.7466 1.1227 174.86 491 0.84 1.11
Spring Garden 74.33 1.1687 1.6471 1.0796 65.31 4.98 0.49 1.68
Troxler 20.5 5.3097 4.8182 3.9466 79.75 5.24 2.8 14.18
Umstead 70 1.07 1.1625 1 104.17 4.9 0.43 1.27
Walmart 38.17 5.9549 5.791 5.1612 44.86 4.95 1.09 7.51

*Water Quality Pollutant Disturbance Scale = Sum of Relative Average Values by Region for Nutrients+Metals+Fecal Coliform+TSS+Specific Conductivity (surface water only).
See Appendix XX for other Water Quality Disturbance Scales
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Section 4 - Water Quality Monitoring Section
Section 4.1 Water Quality Introduction and Background

Headwater wetlands are believed to play a critical role in terms of water quality, hydrology, and
habitat in North Carolina watersheds. Water quality in North Carolina has been affected by
watershed development: urbanization, agriculture, and silviculture have decreased the quality of
storm- water runoff that flows into wetlands and streams. This can result in the increase of
pollutants such as nutrients, pesticides, metals, oil, grease, bacteria, and sediments that enter
wetlands and streams. Headwater wetlands and streams (1%t and 2"¢ order) drain 55-85% of
watersheds in North Carolina (USFWS 2000). Since headwater systems are small and numerous
in the landscape, historically their importance has been underestimated and therefore managed
poorly in comparison with rivers and lakes (Peterson et al. 2001). A better understanding of the
role these headwater systems have on improving water quality and how the surrounding
landscape affects that water quality is necessary to better protect and manage these highly
important aquatic systems.

Pollutants enter bodies of water, including wetlands and small streams, through “point source”
and “nonpoint source” means. “Point source” refers to pollutants that originate from a single
source. Examples are discharges from sewage treatment plants or any industry that utilizes water:
textile mills, pharmaceutical plants, and pulp and paper mills. “Nonpoint source” pollution refers
to pollutants that do not enter from a single point. Examples are all other sources of inflow:
stormwater runoff, base flow, surface flow, rain, and tides. Water can carry pollutants in
particulate and dissolved forms that can be organic or inorganic in nature (Vigil 2003).

Stormwater runoff from urban roadways, parking lots, and new development areas contains
metals (copper, zinc, lead, magnesium, and calcium), sediments, and oil and grease. Sediments
can be abrasive or clog the gills of fish, amphibians, mollusks, and smother other
macroinvertebrates. Toxic metals accumulate in fish and amphibians, causing malformations and
posing a danger to wildlife higher on the food chain (Ohio EPA, Mitch and Gosselink 2003).
Sediment and silt can cause turbidity in the water, affecting visibility and the ability of light to
penetrate and reach aquatic plants. Excessive oil or grease can also be toxic to aquatic life. High
sediment loads can scour and remove plant life during storm surges (Reinelt and Horner 1995,
Ohio EPA). Sediments, metals, oil, and grease can also originate from point source industrial
discharges and agricultural areas.

Agricultural lands, golf courses, and even neighborhood lawns are often a source of fertilizer-
driven nutrient loads of phosphorous and nitrogen. Additionally, nitrogen-fixing crops and
animal waste can add to the nitrogen levels in agricultural areas (Peterson et al. 2001, Vigil
2003). Other sources of nitrogen include sewage treatment plants and septic tanks (Vigil 2003).
Hog farming in North Carolina can be a major source of phosphorous and nitrogen in rural areas
of the Coastal Plain (Environmental Defense 2000). High levels of nutrients can cause
eutrophication and algal blooms, producing decaying plant material that decreases oxygen in
downstream waters (WI DNR 2006). Initially, increases in levels of nitrogen causes plant species
to increase in diversity, but excessive levels will cause a decrease in diversity (U.S. EPA 1998).
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Nitrogen in the form of ammonia can be toxic to freshwater organisms in higher concentrations
(Scorecard).

Stormwater runoff from agricultural areas, road rights-of-way, golf courses and lawns can also
contain toxic pesticides bound to the inflowing sediments. Certain types of pesticides act by
inhibiting important enzymes in the nervous system. Pesticides have been known to cause large
species Kills of fish, frogs, turtles, mussels, water birds, and even rare and endangered species
like peregrine falcons, bald eagles, and osprey (University of California 2006, Virginia
Cooperative Extension 1996, USFWS Peregrine Falcon).

Fecal coliform are micro-organisms that live in the intestines of humans and other warm-blooded
animals. Fecal coliform bacteria are generally harmless, although Escherichia coli (E-coli) and
viruses that attach to certain bacteria can be highly harmful (Vigil 2003). Fecal coliform
originates from livestock operations, sewage treatment plants and septic tanks (Vigil 2003).

Wetlands act as a natural filter for these pollutants by removing, reducing, or transforming
pollutants through the processes of sedimentation, biodegradation, filtration, and sorption (Ohio
EPA, Azous and Horner 2001, Mitsch and Gosselink 2000, Vigil 2003). Sedimentation is the
process by which particulate matter falls or settles out of the water column. Water flowing
through wetlands moves much slower than in rivers or streams, resulting in sediment deposition.
Nutrients such as phosphorous, nitrogen, and sediments can be removed through the process of
sedimentation. Filtration occurs in wetlands when water carrying solids passes through
vegetation or percolates through the soil. Sediment, metals in particulate forms, and phosphate
can be removed through the process of filtration. Biodegradation is the process by which
complex organic materials are broken down into simpler substances by micro-organisms,
particularly bacteria. Oils and pesticides are removed from wetlands through the process of
biodegradation. Sorption is the combined process of absorption and adsorption. Absorption
occurs when pollutants come in contact with absorbent materials that have an affinity for the
pollutant, while adsorption occurs when pollutants adhere to the surfaces of materials they are
attracted to. Nutrients, metals, pesticides, and fecal coliform are removed through the process of
sorption (Vigil 2003, Mitch and Gosselink 2000, Reinelt and Horner 1993).

Small first or second order headwater streams also have been documented to remove nitrogen
from the water by biological assimilation and denitrification. Ammonia can be removed within
200-300m while nitrates need five times the distance. Headwater streams have also been
documented to remove more than half of all nitrogen imports (Peterson et al. 2001).

Many different factors can directly affect a wetland’s ability to remove pollutants and work as a
natural filtering system within the larger surrounding watershed. A wetland’s location within the
landscape is of particular importance. Wetlands that are isolated often have intermittent surface
or groundwater connections to streams and rivers, therefore their proximity to downstream
waters can still effect water quality even though there may not be a surface hydrological
connection (Whigham and Jordan 2003). Headwater wetlands and wetlands that have inflow and
out flow, and wetlands associated with rivers like riverine swamps and bottomland hardwoods
have the potential to directly affect the quality of downstream waters (Mitsch and Gosselink
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2000). Headwater wetlands are of particular importance due to their location in upper reaches of
the watershed where they can filter pollutants from their upstream watershed.

The surrounding land use and the size of the watershed relative to wetland size can also have an
effect on the wetlands ability to remove pollutants (Brown and Vivas 2003, Azous and Horner
2001, Reinelt and Horner 1993). A study in Washington State showed that a rural wetland
removed 56% total suspended solids and 82% total phosphate in comparison to the 14% and 8%
removal, respectively, of a wetland located in an urban area (Reinelt and Horner 1993). Another
Washington State study showed that urban wetlands have higher pH, conductivity, ammonia,
nitrite + nitrate (NO2+NO3), and total phosphate in comparison with rural wetlands; however, the
same study showed that dissolved oxygen levels were due to wetland morphology rather than
urbanization. Wetland morphology includes the wetland’s shape, perimeter, length, internal
dimensions, inlet and outlet structure, and topography (Azous and Horner 2001). Wetland
morphology also affects water flow patterns and pooling patterns. The amount of recent
precipitation and surrounding impervious surfaces, in addition to wetland morphology, also
affect flow rate (Azous and Horner 2001, Reinelt and Horner 1993, Ohio EPA). Faster flowing
water has a lower residence time, therefore less sedimentation or filtration will occur in the
wetland. Sedimentation is often the principal mechanism in which pollutants are retained by
wetlands. Wetlands with a higher flow velocity have lower temperatures, higher dissolved
oxygen levels and higher pollutant concentrations, especially NO2+NOs (Azous and Horner
2001).

Seasonality can also be a highly important factor in a wetland’s ability to remove, reduce, or
transform pollutants. Seasonal plant growth is related to temperature and precipitation because
plants absorb metals, phosphates and other pollutants during the growing season. Seasonal rains
affect surface and base flow rates and therefore sediment, nutrient, and other pollution loads.
Azous and Horner (2001) showed the following seasonal trends: (1) dissolved oxygen tends to
increase from November to May due to flow and colder temperatures; (2) conductivity
sometimes increased from May to November; (3) total suspended solids increased from
November to March due to runoff and flow rates; (4) ammonia and phosphorous decreased from
November to May probably due to the lack of fertilizer applications during the colder months;
and (5) fecal coliform, although variable, tended to increase in late August to September and
decrease from mid-November to February. Wetlands can be a sink or a source for nutrients
depending on the season (Mitsch and Gosselink 2000). During the growing season, higher
temperatures accelerate microbial activity plus plant growth and uptake. This reduces nutrient
levels and causes wetlands to be a nutrient sink (import > export) whereas during the fall and
winter wetlands can become a nutrient source (export > import).

If wetland water quality standards exist, these can be compared to wetland water quality results
to assist in determining the quality of a wetland. In North Carolina (as in many other states), a
set of numeric wetland water quality standards does not exist for wetlands nor has a large
comprehensive study of wetland water quality been done prior to this research. However, North
Carolina does have numeric standards for North Carolina streams, rivers and lakes
(www.h2o0.enr.state.nc.us/csu/ 2007). In addition, the North Carolina DWQ Ambient Monitoring
System (AMS) maintains a large water quality data set obtained from rivers, streams (mostly),
and lakes in the Coastal Plain, Sand Hill, Piedmont and Mountain regions of North Carolina. The
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AMS is a network of stations established to provide site-specific and long-term water quality
information on significant rivers, streams, and estuaries throughout the state. It should be noted
that a number of the DWQ AMS stations were chosen because it was suspected there was a
water quality discharge problem. Additionally, there are dissimilarities between streams and
wetlands due to the the flow and morphological differences of these two systems. Therefore, this
data set cannot be considered a reference data set. However, this is a large existing NC data set
and some general comparisons can still be made while taking into account the differences
between wetlands and streams which are discussed further below. Table 4.1.1 contains results
from the North Carolina DWQ AMS, the EPA, and the U.S. Geological Survey. The EPA results
are from the “Ambient Water Quality Criteria Recommendations for Rivers and Streams in
Nutrient Ecoregion IX and XIV” (US EPA 2000). The US Geological Survey results are from
the “Water Quality in the Appalachian Valley and Ridge, the Blue Ridge, and the Piedmont
Physiographic Provinces, Eastern United States” (USGS 1997). The results in Table 4.1.1 were
compared to the wetlands researched by DWQ in this study and will be discussed further in the
Results and Conclusion Section In this study, headwater wetlands of the Piedmont tended to be
bowl-shaped wetlands that graded into streams. While some of the Coastal Plain sites were
similar, others were flatter and larger systems that exhibited a slower moving, sheet flow
hydrology. Additionally, some of the sites had intermittent surface water connections to
downstream waters. Wetlands that were bowl-shaped with a steeper gradient may be more
comparable to stream results than some of the Coastal Plain wetlands or other slow moving, open
water wetland systems. The Azous and Horner study, in Washington State, compared 346
wetlands located in non-urban, medium urban, and high urban areas to streams and found the
following results which outlines some of the differences between streams and wetlands:

1. Flowing streams had higher dissolved oxygen levels with the median value of streams
twice that of wetlands.

2. Wetlands located in moderate to highly developed urban areas had similar conductivity as

streams, but rural wetlands had a median value lower than that of streams.

Total suspended solid levels were similar between wetlands and streams.

4. Ammonia levels were higher in wetlands than streams probably due to the presence of
decomposed organic matter in wetlands.

5. Streams had higher levels of NO2 + NO3 possibly due to the slower rate of nitrification in
the oxygen depleted wetland environment.

6. Median stream phosphate levels were higher in wetlands located in rural areas, but lower
in wetlands located in moderate to highly urbanized areas.

7. Median fecal coliform levels of streams were lower than wetlands; however stream data
did not contain larger data outliers as in wetlands.

w

The location of headwater wetlands in the landscape is highly significant for water quality.
Downstream waters from headwater wetlands flow into small streams, rivers, lakes, other
wetlands, and estuaries and oceans. The water quality results, obtained from monitoring 12
Piedmont and 11 Coastal Plain headwater wetland sites (see Figure 2.1), were used to develop
Indices of Biotic Integrity (see Section 3.1). Water chemistry and physical parameters were
obtained at two to three sample stations (upstream, downstream, and further downstream) within
each site over the course of 18 months. These results were also used to answer the following
questions:
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e How does the water quality of headwater wetlands within more developed watersheds
compared with the water quality of headwater wetlands within less developed
watersheds?

e Are headwater wetlands able to filter pollutants by comparisons of upstream station
results to downstream station results?, and

e Do headwater wetlands located in a more natural watershed have a better filtering
capacity for removing pollutants than wetlands located in a more developed watershed?

30



Table 4.1.1 Stream Water Quality for Streams in the Coastal Plain, Piedmont, and Sand Hills of North Carolina and the U.S.

Source and Region for North Carolina North Carolina North Carolina EPA EPA " é
stream parameter results | Coastal Plain? Piedmont? Sand Hills? Coastal Plain? Piedmont? 23
o
S 1S 1S S S
Parameters £ 5 £ 5 £ 5 £ 5 o = 5 o
eE| E| 8| 8| E| &| | E| 8| | E g| 2| E 5| &
= < ° = < ° = < ° = < c 2 = < c 2 °
3= © a7} £ [ D £ [ D = © o = © o )
= = = = = = = = = = = N Qo = = N Qo =
Ammonia (mg/L) 0.01 3.80 0.04 0.01 18 0.04 | 001 | 120 |0.03 |- 0.05
Calcium (mg/L) 1.6 6.1 4.2 3.7 19 16 - 25
Copper (ug/L) 2 180 2 1.9 350 34 |2 42 2 -
Dissolved Oxygen (mg/L) | 0 19.5 7.7 0 20 8.7 0.3 166 |81 |- 4.1
Fecal Coliform cfu/100mL | 1 9600 | 18 1 61000 | 91 1 7400 | 46 -
Lead (ug/L) 10 680 10 10 8900 | 10 10 25 10 |-
Magnesium (mg/L) 1.40 2.30 1.50 0.79 6.9 1.4 - 6.6
NO2+NO3 (mg/L) 0.01 490 0.32 0.01 31 0.49 | 0.01 |14 0.21 | 0.10 | 4.12 0.31 0 9.78 0.125 | 0.99
Total Phosphorus (mg/L) | 0.01 7.4 0.10 0.01 20 0.10 [ 001 |0.68 | 004 |0 0.09 0.0024 | 0.24 0.0036 | 0 0.05
Specific Conductivity 1 58760 | 5760 | 6 3746 | 102 |6 423 |44 |- 280
(us/cm)
Total Kjeldahl (TKN) 0.1 70 0.45 0.01 61 04 |01 1.8 0.3 | 0.05 | 145 0.30 0.05 1.45 0.30
(mg/L)
Total Organic Carbon 45 85 9.0 2.8 37 5 5 10 6 -
(mg/L)
Total Suspended Solids B 200 e B 2000 | 7 1 62 3 i 159
(mg/L)
Turbidity (NTU) 0.84 | 2.58 1.68 0.175 | 1625 | 7.02
Water, Temperature (C°) | 0 36 18.5 0 36.8 17 1 31 15.4 | - 14
Zinc (mg/L) 3 2300 | 13 9 4000 | 145 | 10 180 1 |-
PH (S.U). 2 13.3 7.3 2.7 10 7.10 | 310 | 8.2 62 |- 6.7

References: *:NCDWQ Ambient Monitoring System 2007, 2EPA 2000, USGS 1997
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Section 4.2.1 Water Quality Field Methods and Lab Analysis

Water quality parameters were sampled on a quarterly basis during six time periods; April 2005,
July 2005, October 2005, January 2006, April 2006, and July 2006. Sampling during these times
allowed DWQ to obtain information on water quality during the dry season, wet season, and
transition periods. Physical parameters (pH, DO, specific conductivity, and temperature) were
taken in the field with a YSI pH 100 meter and YSI model 85 meter and recorded on field sheets
(see Appendix B). All water samples were collected, preserved, and transported in accordance
with Division of Water Quality Laboratory Standard Operating Procedures (NCDWQ 2003) and
DWQ Laboratory Sample Submission guidelines (NCDWQ 2005). Water samples were always
analyzed for nutrients (P, NO2+NO3 as N, total Kjeldahl nitrogen [TKN], NH3-N), heavy metals
(Mg, Ca, Cu, Pb, and Zn), dissolved organic carbon (DOC), total organic carbon (TOC), total
suspended solids (TSS), and fecal coliform. Turbidity was only analyzed in the first sample
period and was then deemed to be an unnecessary parameter for headwater systems.
Additionally, due to drought conditions, DOC was not analyzed in the second and third (July
2005 and Oct 2005) sample periods, while magnesium and calcium were not analyzed in the first
sample period. Chlorine was tested in the field using chlorine strips during the first and second
sample periods. All results were negative and no samples were further analyzed at the lab. A
total of up to 20 sample parameters were collected during each sample session at each sample
station; however, numerical values were not collected for chlorine so only up to 19 parameter
results were collected. Water sample lab analysis and water meters were funded by a 319 state
grant for the first 4 quarters of water sampling.

Water samples were taken near the well at the head of the wetland and 200 feet downstream in
order to obtain a measure of the wetland’s capacity to affect pollutant levels (See Figure 4.2.1 for
an example). Sample station locations were recorded with GPS and marked in the field with
flagging. Additionally, station locations were photographed with a digital camera each time the
station was sampled in order to make a visual record of the station’s hydrology. The best
sampling methodology was chosen according to the hydrological conditions on the sampling
day. Samples were taken by 4 methods: 1) direct grab, 2) bail, 3) dig (with plastic/metal shovel),
and 4) bailed. DOC, turbidity, and TSS were not taken at recently dug sample sites since water
was turbid. Digging with a shovel could affect the results as a metal shovel (in particular) may
affect the metal results for copper, lead, or zinc. For the data analyses, as described in the next
section, a set of analyses was completed using “all” the data (samples collected with direct grab,
bail, and dug with plastic or metal shovel methods) and “dig” only data (samples collected by
digging first). A few of the metal results from digging were extreme outliers that were not used
in the analysis. Field data sheets were completed for each station as well as DWQ lab sheets and
labels for sample bottles (see Appendix B). A unique station number that reflected the site name,
sample location (upstream, downstream), and sample time (month and year) was assigned for
each sample event. Field data sheets included information on physical parameters, sample
location, station number, 48-hour precipitation history from the nearest weather station, wetland
site name, date, sampler’s initials, air temperature, sample method, chlorine strip results, picture
number, sample method, comments on hydrology, water quality, and details on the microhabitat
of station location, sample time, preservation time, and which lab tests were to be performed.
All samples were analyzed at the Division of Water Quality Laboratory Section in Raleigh,



North Carolina. Lab sheets and bottle labels are used by the DWQ Lab to identify the proper lab
test to perform on each water sample.

Meters were calibrated at the beginning and end of each day and during the day if deemed
necessary. Probes were rinsed with deionized water before and after each use. To avoid
contamination of samples, gloves were worn for sampling, filtering, and preservation. Bail
bottles were triple rinsed before usage. For DOC samples, 200 ml of water collected in the field
was suction-filtered through 0.45-micron filters within half an hour of collection. DOC filtering
equipment was triple-rinsed with deionized water before and after each sample was filtered and
filters were changed between samples. Filtering blanks were prepared at the beginning and end
of each sample day to test for DOC contamination. Additionally, one set of unlabeled duplicates
was sent to the lab during each sample period to check for accuracy. DWQ Standard Operating
Procedure and Laboratory Sample Submission Guidelines were followed to ensure that sample
preservation, storage, labeling, and hold times are met. The DWQ Lab was responsible for
selection and preparation of sample containers, sample volumes needed for each chemical
analysis, and decontamination of any lab equipment. Details of these processes are explained in
“The Quality Assurance Manual for the North Carolina DWQ Laboratory section” (NCDWQ
2003b).
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Figure 4.2.1 Hog Farm Upper Water Quality Sample Stations
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Section 4.2.2 Water Quality Data Analysis Methods
Section 4.2.2.1 General Water Quality Analysis Methods

Water quality results were organized and entered into an Excel spreadsheet. All duplicate results
were averaged and physical parameter outliers deleted on days when the meters did not calibrate
correctly. Microsoft Access was further used to organize data according to sample method. JMP
(Version 6, SAS Institute Inc., 2006) statistical software was used for all statistical analyses on
the data. Generally, two sets of results were calculated for each statistical analysis. One set of
results was calculated with “all” water quality data and the other set was calculated with just the
“no dig” data. The “no dig” data were from samples obtained by bail and direct grab methods,
rather than digging with a plastic or metal shovel. These two sets of analyses were in order
account for the effects that digging to obtain a sample might have on the sample. This is why a
separate analysis for surface water was completed.

REGIONAL DATA ANALYSIS

For each region, the overall mean and median were calculated for each water quality parameter
using all the data results and using just the no dig results. An analysis of variance (ANOVA) was
run to determine if there was a significant difference between regions (Coastal Plain versus
Piedmont) for all the data and for the no dig data results. ANOVAs were run on both raw and
log-transformed results for both sets of data. The residual errors of the ANOVA analyses (All,
All-transformed, No Dig, No Dig transformed) were tested for normality using the Shapiro-Wilk
W Goodness of Fit test. The ANOVA results that had normally distributed raw data residuals
were shown in the results table. Otherwise ANOVA results of log-transformed data that had
normally distributed were shown in the results table when raw data residuals were not normally
distributed. ANOVA analyses that did not have normally distributed residual errors, either raw
data or log-transformed, and therefore did not meet the assumptions of the ANOVA test, were
not shown in the results table. The non-parametric and less powerful ranks sum Wilcoxon test
was also performed to see if there were any significant differences between regions for all the
raw data and for the raw no dig data sets. A p-value < 0.10 was considered significant for the
regional comparison of water quality data.

REGIONAL DATA ANALYSIS BY STATION

The overall mean and median for the station locations (upstream, downstream, and further
downstream) were determined for each parameter within each region using all the data and the
no dig data sets. The upstream (UP), downstream (DN), and further downstream (FD) results
were compared to determine if there was an average overall improvement of water quality
downstream. Station comparisons, upstream to downstream (UP-DN), upstream to further
downstream (UP-FD), and downstream to further downstream (DN-FD) were deemed to have
either “improvement” or “no improvement” for each of the 19 parameters. A reduced result
value for all parameters at the downstream station (DN or FD) indicated improvement, except for
dissolved oxygen (percent and mg) and pH, where an increased result indicated improvement.
Samples were collected for the first year (four sample sessions) at just the upstream and
downstream results; however, preliminary results suggested there was not much improvement in



water quality from the upstream to downstream stations in the Coastal Plain so a further
downstream station was added at five of the Coastal Plain Sites (Cox, East Fayetteville North,
East Fayetteville South, Hog Farm Upper, and PCS). It was not possible to locate further
downstream stations at the other Coastal Plain sites. The “further downstream” station was
located 200ft-300ft downstream from the “downstream” station.

For the regional station comparison, a chi-square test was performed on the categorical nature of
the water quality (improved or not improved). The chi-square test was performed to determine if
the number of site comparisons that improved was significantly different for the number of site
comparisons that did not improve. The chi-square test was performed on both sets of data (all
and no dig).

The upstream to downstream to further downstream data sets were compared (UP-DN, UP-FD,
DN-FD) to see if there was a significant improvement in downstream water quality. An ANOVA
test was performed to see if there was a significant difference between station locations (UP, DN,
and FD) within regions for all the water quality data and the no dig data separately. Similar to the
regional comparison of the results, ANOVAs were also run on raw and log-transformed results
for both sets of data. Residual errors for the ANOVA analyses ([Coastal Plain — all, no dig, all
transformed, no dig transformed] and [Piedmont — all, no dig, all transformed, no dig
transformed]) were tested for normality with the Shapiro-Wilk W Goodness of Fit test. ANOVA
results that had normally distributed raw data residuals were shown in the results table.
Otherwise, ANOVA results of log-transformed data that had normally distributed residuals were
shown in the results table when raw data residuals were not normally distributed. ANOVA tests
that did not have normally distributed residual errors, either raw data or log-transformed, and
therefore did not meet the assumptions of the ANOVA test, were not shown in the results table.
The non-parametric ranks sum Wilcoxon test, for the comparison of two sets of data in the
Piedmont, and Kruskal-Wallis test for the comparison of three sets of data in the Coastal Plain,
were also used on all site station comparisons (UP-DN, UP-FD, or DN-FD) to determine if there
was a significant difference between stations for all the data and the no dig data. For the Coastal
Plain, follow-up multiple comparison tests (Tukey Kramer, HSU’s MCB and Student’s T-test)
were used to determine which station comparison (UP-DN, UP-FD, or DN-FD) was significantly
different in situations where the ANOVA and / or Kruskal Wallis Test(s) had a significant result
(p-value < 0.10). Results of the comparison of the station means, as previously described, were
used to determine if there was significant improvement or no improvement at downstream
stations.

SITE PAIRED STATION COMPARISON DATA ANALYSIS FOR REGION

Station comparison (UP-DN, UP-FD, and DN-FD) statistical analyses (ANOVA and ranks sums
tests) were also performed for each parameter within each region using sample period results in
which a water quality sample was obtained from at least two sample stations; upstream and
downstream, upstream and further downstream, or downstream and further downstream. This
statistical analysis will be referred to as “site-paired” station comparisons. Sample period data in
which water quality samples were collected at only one station were not used in this analysis.
ANOVAs were run on raw and log-transformed results for all the “site-paired” data and for the
no dig “site-paired” data. Residual errors for the ANOVA analyses ([Coastal Plain — all, no dig,
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all transformed, no dig transformed] and [Piedmont - all, no dig, all transformed, no dig
transformed]) were tested for normality with the Shapiro-Wilk W Goodness of Fit test. ANOVA
results that had normally distributed raw data residuals were reported. ANOVA results of log-
transformed data that had normally distributed residuals were reported when raw data residuals
were not normally distributed. ANOVA tests that did not have normally distributed residual
errors, either raw data or log-transformed, and therefore did not meet the assumptions of the
ANOVA test, were reported only if both the ranks sum test and ANOVA test on the raw data
were significant. The non-parametric ranks sum Wilcoxon test was used for the comparison of
two sets of data (UP-DN) and Kruskal-Wallis test was used for the comparison of three sets of
data for the five Coastal Plain sites that had further downstream stations (UP-DN, UP-FD, and
DN-FD). The ranks sums tests were used to determine if there was a significant difference
between stations for all the raw data and the no dig raw data. For the Coastal Plain, follow-up
multiple comparison tests (Tukey Kramer, HSU’s MCB and Student’s T-test) were used to
determine which station comparison (UP-DN, UP-FD, or DN-FD) was significantly different in
situations where the ANOVA and / or Kruskal Wallis Test(s) had a significant result (p-value <
0.10). Station means were compared to see if there was significant “improvement” or “no
improvement” at the downstream station.

SITE STATION DATA ANALYSIS

The mean for the water quality results of each parameter at each station location (UP, DN, and
FD) was also calculated within each site using all the data results and using just the “no dig”
results.  Station comparisons, upstream to downstream (UP-DN), upstream to further
downstream (UP-FD), and downstream to further downstream (DN-FD), were deemed to have
had either “improvement” or “no improvement” for each of the 19 parameters at each site. A
reduced result value for all parameters at the downstream station (DN or FD) indicated
improvement, except for dissolved oxygen (percent and mg) and pH, in which an increased result
value indicated improvement. A tally of the “improvements” or “no improvements” was
determined for the station comparisons (UP-DN, UP-FD, and DN-FD) at each site. The total
number of improvements for each station comparison within region was also tallied for all the
data and the no dig data separately. An additional chi-square analysis was performed on the
categorical data (“improved” or “not improved”) results for each station comparison within
region for all data and no dig data sets. Both the regional and site comparison analyses of station
location means and medians were completed to determine if headwater wetlands filter out
pollutants.

The non-parametric ranks sums tests (Wilcoxon or Kruskal-Wallis) were also performed for each
parameter station comparison at each site, to determine the number of sites that independently
showed significant improvement (or no improvement) for each parameter. The ranks sums tests
were performed on the parameter data at each site for all the data and for all the site-paired data.
A ranks sums test was used, rather than an ANOVA test, to detect significant differences
between stations due to the non-parametric nature and small size of the data sets (up to 6). A p-
value of 0.10 was considered to be significant. This analysis was not performed on no-dig data
since the data set was even smaller. The comparison of station means (UP-DN, UP-FD, and DN-
FD), as described previously, were used to determine which site station comparisons had
significant “improvement” or “no improvement”. In situations where there were three station
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comparisons (UP-DN, UP-FD, and DN-FD) the station comparison that had the greatest absolute
value was considered to be the significant result of the ANOVA or Kruskal-Wallis statistical test.

Section 4.2.2.2 Exploratory Analysis of Seasonal Trends, Comparisons to known Stream
Parameters and Cluster and Partition Analysis

Additional general summary water quality analyses were completed, including the analysis of
seasonal trends, comparison of headwater wetland parameters to stream parameters, and cluster
and partition analysis. For the time series analysis, the overall median for each sample time
series (April 2005, July 2005, October 2005, January 2006, April 2006, and July 2006) by region
was determined to see if there were any notable seasonal trends. The median parameter values of
each site were compared to the parameter values for streams in the Piedmont and Coastal Plain
shown in Table 4.1.1 in order to see how water quality of Coastal Plain and Piedmont headwater
wetlands compared to North Carolina Coastal Plain and Piedmont streams.

A cluster and a partition analysis using the 19 water quality parameter means and medians for
each site was performed to see how similar the sites were based on water quality results alone.
The cluster analysis was performed on the water quality parameters to attempt to determine
clustering patterns of the sites in terms of how they related to each other and to the water quality
data results. A mean and median cluster analysis was performed using all the water quality data
results and just the sample directly water quality data results resulting in four cluster analyses.
The cluster analysis used Wade’s hierarchical cluster method in which the sites that are closest
together were joined together in groups. The objective of the cluster analysis was to minimize
with-cluster variation and maximize between-cluster variation.

A partition analysis was performed on the site’s water quality parameter mean and median
results for all the data and the sample directly data. This is a useful method for exploring
relationships without having a good prior model. When the results are continuous, (as was in
this analysis), the Partition method fits means between the sites and creates splits that
significantly separate the means based on the sums of squares. This method looks at how the
sites predict the results, whereas the Cluster analysis looks at how similar the sites are based on
the results.

Section 4.2.2.3 Correlation Analysis with ORAM and LDI Watershed Values

Correlation analyses were run using Spearman’s Rho non-parametric correlation analysis with
the results of the water quality analysis for each parameter against two different general
disturbance measurements, ORAM and LDI watershed scores calculated for each site (See
Section 3.3 and 3.2). Spearman’s Rho correlation analysis was used since this test can be used on
data sets that are not normally distributed as was the case with the LDI data and some of the
water quality parameter data sets. Two sets of Spearman’s Rho non-parametric correlation
analyses were run for each water quality parameter against each site’s ORAM score and each
site’s LDI score. One set contained all the water quality results data and the other set contained
only the no dig data. The correlation of ORAM and the water quality parameters shows how the
water quality parameters measured at each site compares with the rapid wetland assessment
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results of each site. North Carolina has also recently developed rapid assessment methods, North
Carolina Wetland Assessment Method (NCWAM) (NC WAM 2007) that is currently being
finalized. NCWAM forms were completed on the headwater wetland sites and will be used in
future wetland monitoring work but are not reported in this EPA final report. The correlation of
the watershed LDI and the water quality parameters shows how the water quality parameters
measured at each site compares with the quality of the land use of each site’s watershed.

A final set of Spearman’s Rho correlation analyses were run to determine if headwater wetlands
that are more disturbed, or located in a more developed watershed, have a lower capacity to filter
out pollutants than more pristine headwater wetlands located in more natural watersheds. The
percent improvement capacity of each wetland site was determined with the following equation
by using the station water quality parameter mean comparisons that were calculated in the site
station data analyses.

[(UP — DN) + (UP — FD) + (DN - FD)]improvemem
[(UP - DN) + (UP — FD) + (DN — FD)]improvemem + noimproverent
Spearman’s Rho correlation analysis was run with the wetland site improvement capacity against
the wetland site ORAM score. Another correlation analysis was run with the wetland site
improvement capacity against the wetland site watershed LDI score. Both correlation analyses

were run using wetland improvement capacities calculated from all the water quality results and
from the no dig results only.

-A

Percent Improvement Capacity =

Section 4.3 Water Quality Results and Conclusions
4.3.1 General Summary Data Results

REGIONAL DATA ANALYSIS RESULTS

Table 4.3.1A and 4.3.1B shows the summary results for the regional comparison between the
Coastal Plain and Piedmont. Table 4.3.1A shows all the water quality data results and Table
4.3.1B shows only the no dig results (samples collected when surface water was present and no
digging was required to obtain the sample - see methods section). Overall means and medians
are also shown on these tables. The ANOVA assumptions were met (normal distribution of
residual errors) for the log-transformed data for calcium, DOC, fecal coliform, TSS, turbidity for
all the data and for calcium, dissolved organic carbon (DOC), total organic carbon (TOC), total
suspended solids (TSS), and turbidity for the no dig data. The ANOVA assumptions were also
met for pH (not log-transformed) for all the data and for the no dig data. The ANOVA analysis
showed there was a significant difference for calcium, DOC, and pH for the regional comparison
of all the data (see Table 4.3.1.A). The Ranks Sum’s Wilcoxon test showed there was a
significant difference between 12 of the 19 parameters, including the same significant parameters
as shown by the more powerful ANOVA test. Those parameters are: ammonia, calcium, DOC,
dissolved oxygen (percent and mg/L), magnesium, NO2+NOs, phosphorous, specific
conductivity, TKN, TOC, and pH (see Table 4.3.1A). It should also be noted that the ANOVA
analysis of all the raw data on parameters that were significant (although not meeting the
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assumptions of the ANOVA test for raw or transformed residuals) and also significant for the
Ranks sum test included dissolved oxygen (percent and mg/L at p-value < 0.0001), NO2+NOs (p-
value = 0.0009), phosphorous (p-value = 0.0628), specific conductivity (p-value < 0.0001), and
TOC (p-value = 0.095). Since these ANOVA results did not meet the test assumptions, they were
not shown in the results table.

For the analysis of the no dig data, the ANOVA test showed there was a significant difference
for calcium, DOC, TOC, and pH between the Coastal Plain and Piedmont regions. Similar to the
analysis of all the data, the Wilcoxon test showed there was a significant difference between
regions of the same parameters as the ANOVA test. There was a total of 14 significant
differences for parameters between regions, including ammonia, calcium, copper, DOC,
dissolved oxygen (% and mg/L), fecal coliform, magnesium, NO2+NOs, phosphorous, specific
conductivity, TKN, TOC, and pH (see Table 4.3.B). It should also be noted that the ANOVA
analysis of the no dig raw data on parameters that were significant (although not meeting the
assumptions of the ANOVA test for raw or transformed residuals) and also significant for the
Ranks sum test included dissolved oxygen (p-value = 0.0001 and 0.0006), magnesium (p-value =
0.0003), NO2+NO3z (p-value = 0.0021), phosphorous (p-value = 0.0196), specific conductivity
(p-value < 0.0001), and TOC (p-value = 0.0078). Since these ANOVA results did not meet the
test assumptions they were not shown in the results table.

These differences can potentially be attributed to the regions’ physiography, soil and plant cover,
and surrounding land uses. Dissolved oxygen levels in the Piedmont were higher likely because
there was usually a greater slope and water flow rate at these sites in comparison with the
Coastal Plain. The difference in pH is likely a factor of soil type since more sites in the Coastal
Plain had organic soils, making the water more acidic. The higher levels of calcium and
magnesium in the Coastal Plain may be because the Coastal Plain tends to have harder water.
The higher rates of nutrients and specific conductivity in the Coastal Plain are probably due to
land use activities, i.e. atmospheric deposition from hog farming and phosphate mining in some
sites. The differences in DOC and TOC are probably related to the dense plant cover and slow
moving water in the flatter Coastal Plain sites, allowing organic matter to build up.

Table 4.3.1a Regional Comparison of Summary Results (All Water Quality Results)

Coastal Plain Piedmont

ANOVA [Significance| Wilcoxon | Significance
Parameter Mean |Median| Mean |Median | P-value |by ANOVA*| P-value |by Wilcoxon
Ammonia mg/L 0.11 0.05 0.09 0.03 N/A 0.0697 | Significant
Calcium mg/L 8.14 5.3 5.71 3.25 | 0.0152 |Significant| 0.0151 | Significant
Copper ug/L 14.87 2 20.64 3.05 N/A 0.1129 Not
DOC mg/L 14.51 13 7.71 5.6 |<0.0001 |Significant| <0.0001 | Significant
Dissolved Oxygen (%) 24.8 16.95 | 37.63 36.9 N/A <0.0001 | Significant
Dissolved Oxygen (mg/L) | 2.46 151 3.66 3.58 N/A <0.0001 | Significant
Fecal Coliform cfu/100 ml [2403.42| 170 |1525.23 90 0.2259 Not 0.2034 Not
Lead ug/L 47.35 10 48.67 10 N/A 0.5154 Not
Magnesium mg/L 3.97 2.25 2.73 1.48 N/A 0.0551 | Significant
NO2+NO3s mg/L 2.61 0.02 0.04 0.02 N/A 0.0003 | Significant
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Table 4.3.1a Regional Comparison of Summary Results (All Water Quality Results)

Coastal Plain Piedmont

ANOVA [Significance| Wilcoxon | Significance
Parameter Mean |Median| Mean |Median | P-value |by ANOVA*| P-value |by Wilcoxon
Phosphorus mg/L 0.56 0.23 0.35 0.1 N/A 0.0075 | Significant
Specific Conductivity 118.5 84 53.59 47.4 N/A <0.0001 | Significant
Total Kjeldahl (TKN) mg/L| 6.88 1.2 2.54 0.82 N/A 0.0001 | Significant
TOC mg/L 138.64 26 38.87 13 N/A <0.0001 | Significant
TSS mg/L 184.79 52 269.43 | 57.5 | 0.8243 Not 0.9842 Not
Turbidity NTU 43.85 25 90.31 27 0.5657 Not 0.8101 Not
Water, Temperature C° 17.06 16.5 17.32 17.55 N/A 0.6576 Not
Zinc mg/L 51.77 19 75.44 16.5 N/A 0.7478 Not
pH S.U. 4.78 4.73 5.43 5.4 ]<0.0001 |Significant| <0.0001 | Significant

Table 4.3.1b Regional Comparison of Summary Results (No Dig Water Quality Results)

Coastal Plain Piedmont

ANOVA |[Significance| Wilcoxon |Significance|
Parameter Mean |Median| Mean |Median| P-value |by ANOVA*| P-value |by Wilcoxon
Ammonia mg/L 0.06 0.04 0.06 0.02 N/A 0.0488 |Significant
Calcium mg/L 6.72 4.9 3.51 3.05 | 0.0003 |Significant] 0.001 |Significant
Copper ug/L 4.52 2 4.38 2.4 N/A 0.0749 |Significant
DOC mg/L 14.33 13 7.7 5.5 | <0.0001 |Significant|<0.0001 [Significant
Dissolved Oxygen (%) 28.07 | 20.7 | 41.14 41 N/A <0.0001 |Significant
Dissolved Oxygen (mg/L) | 2.79 1.82 3.97 3.9 N/A 0.0001 |Significant
Fecal Coliform cfu/100 ml| 929.66 | 140 |573.18 | 72.67 N/A 0.0747 |Significant
Lead ug/L 15.97 10 17.17 10 N/A 0.2436 Not
Magnesium mg/L 3.8 1.8 1.48 1.2 N/A 0.0149 |Significant
NO2+NO3z mg/L 3.16 0.02 0.04 0.02 N/A  [<0.0001 |Significant
Phosphorus mg/L 0.31 0.17 0.16 0.08 N/A 0.0003 |Significant
Specific Conductivity 122.47| 84 55.49 | 47.8 N/A <0.0001 |Significant
Total Kjeldahl (TKN) mg/L| 2.15 1.1 0.89 0.63 N/A <0.0001 |Significant
TOC mg/L 33.36 | 20.5 | 17.07 11 <0.0001 |Significant|<0.0001 |Significant
TSS mg/L 13291 | 48 |164.04| 54 0.6331 Not 0.7436 Not
Turbidity NTU 43.85 25 89.96 | 29.5 | 0.5456 Not 0.7358 Not
Water, Temperature C° 1639 | 163 | 17.16 | 174 N/A 0.3488 Not
Zinc mg/L 25.03 14 21.59 14 N/A 0.4651 Not
PH S.U. 4.87 4.81 5.39 5.4 | <0.0001 [Significant| 0.0001 [Significant

* N/A ANOVA results mean the residuals were not normally distributed, therefore the assumptions of the ANOVA test were not

met.
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REGIONAL ANALYSIS BY STATION RESULTS

The results of the comparison of the means of the regional station water quality parameters are
shown in Tables 4.3.2A, 4.3.2B, and 4.3.2.C. Table 4.3.2A shows the results for the analysis of
all Coastal Plain water quality data. Table 4.3.2B shows the results for the analysis of the no dig
data (no digging was done to obtain water quality samples). Table 4.3.2C shows results for the
Piedmont with the total data analysis on the left side of the table and the no dig data analysis on
the right side of the table. The regional mean of the upstream (UP), downstream (DN), and
further downstream (FD) water quality results are shown for each parameter on the tables.
Stations were sampled up to six times at the upstream and downstream stations in the Coastal
Plain and Piedmont (sampling depends on whether water was present within 8 inches of the
surface, see section Field Methods 4.2.1) and twice at the further downstream location at five of
the Coastal Plain sites. These further downstream stations were established from 200ft to 300ft
further downstream from the downstream station. It was possible to sample at further
downstream locations at only five of the Coastal Plain sites (Cox, East Fayetteville North, East
Fayetteville South, Hog Farm Upper and PCS). In the Coastal Plain, three sample station
comparisons were made in order to determine if water quality improved as it flowed downstream
in the headwater wetland. Comparisons of the sample station mean parameters were made
upstream to downstream (UP-DN), upstream to further downstream (UP-FD), and downstream
to further downstream (DN-FD) (Tables 4.3.2A-4.3.2C). In the Piedmont, there was just one
sample station comparison (upstream to downstream [UP-DN]). The numerical difference (UP-
DN, UP-FD, and DN-FD) between the sample station location water quality parameter means
and whether an actual “improvement” or “no improvement” occurred is shown on all three
tables. UP-DN, UP-FD, and DN-FD values that were greater than zero indicated an improvement
for all parameters except pH and dissolved oxygen (% and mg/L), which improved if UP-DN,
UP-FD, and DN-FD values were less than zero. A summary table that is appended to each of the
4.3.2A-4.3.2C tables shows the number of water quality parameters that showed improvement or
no improvement for each of the UP-DN, UP-FD, and DN-FD station comparisons. This
summary table shows the number of parameter improvements by station comparison for both the
means (also shown in the main table) and the medians. There were generally more improvements
when comparing the means of stations than when comparing the medians of stations. This may
be due to the effects of outliers and that samples were taken six times (April 2005, July 2005,
October 2005, January 2006, April 2006, and July 2006) with a possible seasonal weighting of
the results.

In the Coastal Plain, the number of parameters that improved or did not improve for the UP-DN
station comparisons were fairly similar when analyzing all the data (10 of 19 and 8 of 19
improved for the mean and median, respectively), but less similar when analyzing just the no dig
data (4 of 19 and 3 of 19 improved for the mean and median, respectively). The further
downstream water quality samples had generally better results for most parameters. For the
analysis of all water quality results, the UP-FD station comparison resulted in 16 and 13
parameters improving for the mean and median, respectively. The results of the UP-FD station
comparison were the same for the no dig data. The DN-FD results were also comparable for the
analysis of all the data and the no dig data with 16 and 13 (mean and median) improving for all
the data and 15 and 11 improving for the no dig data (see Tables 4.3.2A and 4.3.2B).
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For the Coastal Plain analysis, ANOVAs were performed on 12 and 9 of the 19-parameter station
comparisons for the analysis of all the data and the no dig data, respectively (other parameter
results by station did not meet ANOVA assumption for normality of residual errors) (see Tables
4.3.2.A and 4.3.2.B). Fecal coliform was the only parameter that had significant results although
not as expected for the Coastal Plain analysis of all the data. Fecal coliform showed significant
“no improvement” for the UP- FD station comparison for both the ANOVA (p-value = 0.0380)
and Ranks Sums (p-value = 0.0606) tests (see Table 4.3.2A). Fecal coliform also showed
significant no improvement for the analysis of the no dig data only for the UP-FD station
comparison for both the ANOVA (p-value = 0.0624) and Ranks Sums (p-value = 0.0628) tests
(see Table 4.3.2.B). The fecal coliform result may be attributed to fecal coliform data being
extremely variable, and it is probable that one or two outliers weighted the results. For instance,
one sample taken further downstream at the East Fayetteville South site had 110,000 cfu/100ml,
a result that was more than twice any other fecal coliform sample analyzed in this study. For the
no dig data, there was also a significant improvement for copper from the DN to FD station for
the Ranks Sums test (p-value = 0.0802) (see Table 4.3.2.B). All ANOVA and Rank Sums Tests
performed on water quality data utilized the raw data of “all” data and “no-dig” data sets, not the
means of the data sets.

Other Coastal Plain parameters were approaching significant improvement (p-value < 0.15) for
the Ranks Sums analysis of all the data including ammonia (UP-DN, UP-FD), copper (DN-FD),
percent dissolved oxygen (UP-FD), specific conductivity (DN-FD), TKN (UP-FD), TSS (UP-
FD, DN-FD), and zinc (DN-FD). For the analysis of the no dig data with the Ranks Sums test,
ammonia (UP-DN, UP-FD), TKN, (DN-FD), TSS (DN-FD), and zinc (DN-FD) were also
approaching significant improvement. The ANOVA test was also approaching significant
improvement for percent dissolved oxygen (UP-FD) for the analysis of all the data, and TSS
(DN-FD) for the analysis of the no dig data. It should be noted that there were only 10 samples
(with 2 sample periods) taken for each parameter during April 2006 and July 2006 at the further
downstream station, while other parameters were sampled at 11 sites up to six times (with 6
sample periods) at the upstream and downstream stations. Therefore, the UP-DN station
comparison is a more powerful comparison than the UP-FD and DN-FD station comparisons due
to the larger sample size. It is possible that the flat topography and lack of flow at a number of
the Coastal Plain sites resulted in fewer improvements from the upstream to downstream stations
than from the upstream and further downstream and downstream to further downstream stations.

Overall, the Piedmont results were more consistent in terms of downstream water quality
improvement than in the Coastal Plain (see Table 4.3.2.C). Water quality improved downstream
for 14 of the 19 parameters for the mean and 13 of the 19 parameters for the median when
analyzing all the data results, but only 9 of 19 for the mean and 9 of 19 for the median when
analyzing the no dig data only. The ANOVA test met the assumption of normally distributed
residuals for 10 Coastal Plain and 10 Piedmont parameters for the analysis of all the data, and
nine Coastal Plain and 11 Piedmont parameters for the analysis of the no dig data (see Table
4.3.2.C). For the ANOVA analysis of all the water quality data, there was significant
improvement for dissolved oxygen (percent - p-value = 0.0544, mg/L p-value = 0.0225) and TSS
(p-value = 0.0962). For the Ranks Sum’s Wilcoxon analysis of all the water quality there was
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significant improvement for copper (p-value = 0.0043), dissolved oxygen (percent p-value =
0.0270, mg/L p-value = 0.0232), phosphorous (p-value = 0.0055), TKN (p-value = 0.0010), TOC
(p-value = 0.0188), turbidity (p-value = 0.0962) and zinc (p-value = 0.0195). There was also
significant no improvement for the Wilcoxon test for lead (p-value = 0.0242) (see Table 4.3.2C).
The analysis of the Piedmont no dig data had fewer significant results than the analysis of all the
water quality for the Piedmont. The ANOVA test showed there was significant improvement
downstream for dissolved oxygen (mg/L p-value = 0.0715) and TKN (p-value = 0.0824). The
Wilcoxon analysis of the no dig data showed there was significant improvement downstream for
just dissolved oxygen (mg/L p-value = 0.0851), TKN (p-value = 0.0361), and turbidity (p-value
=0.0870) (see Table 4.3.2C).

Table 4.3.2D shows an additional analysis of the comparison of the regional station location
result means using the chi-square test. The ANOVASs were a quantitative analysis of the water
quality data using the actual measurements; however, the results show that most parameters
showed improvement, but not enough to gain statistical significance using the ANOVA.
Therefore, the chi-square analysis used the categorical approach to determine whether the
majority of the parameters that improved downstream and further downstream (in the Coastal
Plain) were significant. For the analysis of all the water quality there was a chi-square significant
result for the Piedmont UP-DN (p-value = 0.039), Coastal Plain UP-FD (p-value = 0.001), and
Coastal Plain DN-FD (p-value = 0.001). Coastal Plain UP-DN was not significant for the
analysis of all the water quality. For the analysis of the no dig water quality there was a chi-
square significant result for Coastal Plain UP-DN (p-value = 0.012), UP-FD (p-value = 0.001)
and DN-FD (p-value = 0.005). Piedmont UP-DN was not significant for the analysis of the no
dig water quality.
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Table 4.3.2a Coastal Plain Station Summary Results - All Water Quality Results

Coastal Plain Parameter

Means Coastal Plain Parameter Improvement
N o n
2 EA EEA gé? §a§§ %a§§ <82¢
= A T = B = E Upstream to @ T = £|Upstream to Further| & 7 =&| Downstream to ZE589 7
3 a a 580 Downstream 5 89| Downstream £ R Ol|Further Downstream| < 3+ =
Parameter 2 Improvement Improvement o Improvement X
Ammonia mg/L 0.12 0.12 0.04 0.01 No improvement 0.09 improvement 0.08 improvement RS - Not
Calcium mg/L 9.65 7.54 4.3 2.11 improvement 5.35 improvement 3.24 improvement A
Copper ug/L 15.57 16.25 3.22 -0.68 no improvement 12.35 improvement 13.02 improvement RS Not
Dissolved Oxygen (%) 21.74 25.76 36.3 -4.03 improvement -14.56 improvement -10.54 improvement e R
Dissolved Oxygen (mg/L) 2.11 2.68 3.13 -0.57 improvement -1.02 improvement -0.44 improvement ANt e
DOC mg/L 16.71 | 13.42 11 3.29 improvement 5.71 improvement 2.42 improvement | "\t
UP-FD
Imp P=0.0380
Fecal Coliform cfu/100 ml | 1721.41 | 989.33 | 15071.5 | 732.09 improvement -13350.1| no improvement [-14082.2 | no improvement N 0608
Lead ug/L 44.93 55.29 15.78 -10.36 no improvement 29.15 improvement 39.52 improvement RS - Not
Magnesium mg/L 4.53 3.75 2.53 0.78 improvement 2 improvement 1.22 improvement e R
NO2+NO3 mg/L 2.5 2.79 2.24 -0.29 no improvement 0.26 improvement 0.55 improvement RS - Not
Phosphorus mg/L 0.54 0.65 0.24 -0.11 no improvement 0.3 improvement 0.41 improvement et e
Specific Conductivity 119.25 | 121.97 | 94.74 -2.72 no improvement 24.5 improvement 27.22 improvement RS - Not
Total Kjeldahl (TKN) mg/L | 10.19 4.63 1 5.55 improvement 9.19 improvement 3.63 improvement RS - Not
TOC mg/L 171.15 | 126.29 | 26.64 44.87 improvement 144.51 improvement 99.64 improvement RS Not
TSS mg/L 200.02 | 202.93 | 44.93 | -2.92 | noimprovement | 155.09 | improvement | 158.01 | improvement | “““xac "
Turbidity NTU 41.91 46.01 . -4.1 no improvement . . Ao
Water, Temperature C° 17.16 16.53 19.44 0.64 improvement -2.28 | noimprovement | -2.92 | no improvement Ao e
Zinc mg/L 49.87 60.12 15 -10.25 | no improvement 34.87 improvement 45.12 improvement RS - Not
pH S.U. 4.68 4.84 4.95 -0.16 improvement -0.26 improvement -0.11 improvement Ao e
RS=Ranks sums Kruskal-Wallis
or Wilcoxon
Water Quality All Data |UP-DN | UP-DN | UP-FD | UP-FD DN-FD
Results Coastal Plain Mean | Median | Mean | Median DN-FD Mean Median
Improvement 10 8 16 13 16 13
No Improvement 9 11 2 5 2 5




Table 4.3.2b Coastal Plain Station Summary Results - No Dig

Coastal Plain Parameter Means

Coastal Plain Parameter Improvement

- £ & & @
o [a) o oE te = =
3 ~ = - [} =] [} EHh @ - ke
o o L Qa3 23 28 O0cs2®
2 7 o= ZSE SSE 20 Downstream to zZxo>
g H g 5806 Upstream to © 23 |upstream to Further| 3 20 Further R
> ] = Downstream 2 Downstream o E Downstream X
Parameter L Improvement 2 Improvement w Improvement
Ammonia mg/L 0.07 0.07 0.03 0 no improvement | 0.04 improvement 0.04 improvement RS — Not
Calcium mg/L 6.61 7.45 4.18 -0.84 | no improvement 2.44 improvement 3.28 improvement RS — Not
Copper ug/L 3.97 5.48 2 -1.51 | noimprovement | 1.97 improvement 3.48 improvement e Goses
Dissolved Oxygen (%) 25.15 28.74 38.41 -3.59 improvement -13.27 improvement -9.68 improvement RS — Not
Dissolved Oxygen
(mg/L) 2.45 3.01 3.31 -0.57 improvement -0.87 improvement -0.3 improvement | anova&Rs Not
DOC mg/L 17.06 12.74 11 4.32 improvement 6. 06 improvement 1.74 improvement | anova&Rs Not
UP-FD
Fecal Coliform cfu/100 ANOVA Sig No Imp
mi 722.1 |1010.81 | 1510.29 | -288.71 | no improvement | -788.19 | no improvement | -499.48 |no improvement| o imp e
Lead ug/L 12.73 19.95 10 -7.22 | no improvement 2.73 improvement 9.95 improvement RS — Not
Magnesium mg/L 3.92 3.97 2.7 -0.05 | no improvement 1.22 improvement 1.28 improvement RS - Not
NO2+NOs mg/L 3.05 3.39 2.52 -0.35 | noimprovement | 0.53 improvement 0.88 improvement RS - Not
Phosphorus mg/L 0.23 041 0.16 -0.18 | no improvement 0.07 improvement 0.25 improvement | anova&Rs Not
Specific Conductivity 120.02 | 128.69 100.71 -8.67 | noimprovement | 19.31 improvement 27.98 improvement RS — Not
Total Kjeldahl (TKN)
mg/L 1.52 2.96 0.93 -1.44 | no improvement 0.59 improvement 2.03 improvement RS — Not
TOC mg/L 26.21 42.81 17.98 -16.61 | no improvement 8.23 improvement 24.84 improvement | anova&Rs Not
TSS mg/L 114.6 170.4 37.34 -55.79 | no improvement | 77.26 improvement 133.05 | improvement | anovasRs Not
Turbidity NTU 41.91 46.01 . -4.1 no improvement . . ANOVA & RS Not
Water, Temperature C° 16.23 16.08 18.88 0.15 no improvement | -2.64 | no improvement -2.8 |no improvement| anovaeRs Not
Zinc mg/L 23.01 29.17 12.63 -6.15 | no improvement | 10.39 improvement 16.54 improvement RS — Not
pH S.U. 4.73 4.99 4.91 -0.25 improvement -0.17 improvement 0.08 |no improvement| anova &Rs Not
RS = Ranks Sum Kruskal Wallis or
Wilcoxon
Water Quality All Data | UP - DN | UP-DN UP-FD UP-FD DN-FD
Results Coastal Plain | Mean | Median Mean Median DN-FD Mean Median
Improvement 4 3 16 13 15 11
No Improvement 15 16 2 5 3 7
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Table 4.3.2c Piedmont Summary Results All data and no dig data

All Data

No Dig Data

Piedmont Means

Piedmont Improvement

Piedmont Means

Piedmont Improvement

@ &
& 3 Z §g 2 & 3 Z §G 2
O c 2 sSc 0 o3 c 2 s5€c€ 9
= 2 Q % bS = % Q % = Upstream to
3 8 Sa° Upstream to Downstream ANOVA / Qo [a) 5a° Downstream ANOVA /
Parameter 2 Improvement Wilcoxon 2 Improvement Wilcoxon
Ammonia mg/L 0.1 0.08 0.01 improvement WC - Not 0.06 0.07 0.01 |no improvement WC - Not
Calcium mg/L 5.16 6.17 -1.01 no improvement ANOVA & WC - Not 3.12 3.73 -0.61 improvement | anova &wc -Not
Copper ug/L 2211 | 19.34 2.77 improvement o | 4.43 4.35 0.08 |noimprovement|  we- ot
ANOVA Sig Imp P =
Dissolved Oxygen (%) 33.39 | 4151 -8.13 improvement 0o Voare | 37.59 43.88 | -6.29 | improvement WE - Not
ANOVA Sig Imp P= ANOVA Sig In_1p P=
Dissolved Oxygen (mg/L) 3.18 4.09 -0.91 improvement o e | 3.52 4.32 -0.8 improvement | * elo0er
DOC mg/L 7.99 7.5 0.49 improvement ANOVA & WC -Not 7.85 7.59 0.25 |no improvement| anova & wc -Not
Fecal Coliform cfu/100 ml | 1705.33 | 1367.18 | 338.16 improvement anovagwe-not | 1028.74 | 277.07 | 751.68 | improvement WC - Not
Lead ug/L 34.67 | 60.95 | -26.27 no improvement NS | 17.04 17.25 | -0.21 |noimprovement|  wc- o
Magnesium mg/L 2.66 2.79 -0.13 no improvement WC - Not 1.29 1.59 -0.3  |no improvement| anova & wc -Not
NO2+NOsz mg/L 0.04 0.04 0 no improvement WC - Not 0.04 0.04 0 no improvement WC - Not
Phosphorus mg/L 0.41 0.29 0.11 improvement e 0.15 0.17 -0.01 |no improvement|  wc-not
Specific Conductivity 49.98 56.89 -6.9 no improvement ANOVA & WC -Not 52.64 57.55 -4.91  |no improvement| anova e wc -Not
. B ANOVA Sig Imp P=
Total Kjeldahl (TKN) mg/L 3.1 2.03 1.07 improvement e e 1.12 0.75 0.38 improvement | *®oio0ser
TOC mg/L 40.77 37.16 3.61 improvement Moo 18.36 16.2 2.16 improvement | anova & wc -ot
TSS mg/L 396.3 | 168.58 | 227.72 improvement A ooss | 155.25 | 170.31 | -15.06 |no improvement| anovaswec -t
Turbidity NTU 114.82 | 67.85 46.97 improvement Shmep ooeee | 110.89 72.84 38.05 | improvement | ps0son
Water, Temperature C° 17.58 17.08 0.5 improvement ANOVA & WC -Not 17.64 16.8 0.84 improvement | anovaewc -Not
Zinc mg/L 91.39 61.44 29.95 improvement e ey Tl 20.72 22.15 -1.43  |no improvement|  wc_ ot
PH S.U. 5.38 5.48 -0.1 improvement ANOVA & WC -Not 5.34 5.44 -0.1 improvement | anovaewc -Not
\WC=Wilcoxon
Water Quality No Dig
Water Quality All Data | UP - DN | UP-DN Data Results UP — DN UP-DN
Results Piedmont Mean Median Piedmont Mean Median
Improvement 14 13 Improvement 9 9
No Improvement 5 6 No Improvement 10 10
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Table 4.3.2D Further Analysis Regional Station Location Comparison of Water Quality Parameter Means

All Water Quality Data

UP-DN Station Comparison Count UP-FD Station Comparison Count DN-FD Station Comparison Count
) No Chi-Square No Chi-Square No Chi-Square
Region Improvement Improvement | Significance | Improvement Improvement | Significance | Improvement Improvement | Significance
p-value =
Piedmont 14 0.039 N/A N/A N/A N/A N/A N/A
Coastal Plain 10 Not Significant 16 2 P =0.001 16 2 P =0.001
No Dig Water Quality Results Only
UP-DN Station Comparison Count UP-FD Station Comparison Count DN-FD Station Comparison Count
) No Chi-Square No Chi-Square No Chi-Square
Region Improvement Improvement | Significance | Improvement Improvement | Significance | Improvement Improvement | Significance
Piedmont 9 10 Not Significant N/A N/A N/A N/A N/A N/A
p-value =
Coastal Plain 4 15 0.012 * 16 2 P =0.001 15 3 P = 0.005

UP-DN = Upstream to Downstream Station Comparison of Regional Parameter Means
UP-FD = Upstream to Further Downstream Station Comparison of Regional Parameter Means

DN-FD = Downstream to Further Downstream Station Comparison of Regional Parameter Means
Improvement = Water Quality Parameter Improvement from upstream station location to
downstream station location

No improvement = No Water Quality Parameter Improvement from upstream station location to
downstream station location

Significant = p-Value<.05, Approaching Significant = p-Value =0.05<0.15
* p-value for no-dig Coastal Plain indicated there were significantly few improvements than
improvements
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SITE-PAIRED STATION COMPARISON DATA ANALYSIS FOR REGION RESULTS

The ANOVA and ranks sum (Wilcoxon for two station comparisons and Kruskal-Wallis for
three station comparisons) statistical analysis results for the site-paired station comparisons were
very comparable to the Regional Analysis by Station Results as reported in the previous section
and shown in Tables 4.3.2A-4.3.2.C. The Coastal Plain analysis of the fecal coliform data
showed significant no improvement for the UP-FD station comparison for both the ANOVA (p-
value = 0.0226) and Kruskal-Wallis (p-value = 0.0390) statistical tests for the analysis of all the
data. Similarly, there was significant no improvement for UP-FD for both the ANOVA (p-value
= 0.0265) and Kruskal-Wallis (p-value = 0.0303) statistical analysis of the no dig fecal coliform
data. It should be noted that fecal coliform had a 60% relative percent difference (RPD) of the
duplicates (the RPD for the no dig duplicates was 42%) which was higher than all of the other
parameter RPD values. This high RPD value indicates that the lab analysis of the fecal coliform
parameter was highly variable. Fecal coliform samples have a hold time of 6 hours for NPDES
(National Pollution Discharge Ellimination System) standards however due to logistics it was not
possible to submit the majority of our samples in that time frame to the DWQ Lab, all were
submitted in 24 hours. Additionally, there was an outlier in the fecal coliform results at the
Fayetteville South Further Down site of 110000 CFU/100ml which was more than two times as
high as the next highest reading of fecal coliform at all the wetland sample stations of all sites. It
is also possible there was a point source issue at that further down station, but nothing was
observed that would suggest this. There were no other significant results for the Coastal Plain
site-paired data. Comparing the upstream, downstream, and further downstream means of the
data sets (all and no dig) for the site-paired data does show there was a number of improvements,
though none of them were significant. Again, this is potentially due to the flat topography and
lack of flow at the Coastal Plain sites.

The statistical analysis of the Piedmont site-paired data showed there were a notable number of
improvements for the analysis of all the data. The Wilcoxon test had significant improvement
results for copper (p-value = 0.0002), percent and mg/L dissolved oxygen (p-value = 0.0079 and
0.0068), phosphorous (p-value = 0.0006), TKN (p-value = 0.0003), TOC (p-value = 0.0016), and
zinc (p-value = 0.0039); however, there was significant no improvement for lead (p-value =
0.0018). ANOVA results of the analysis of all the data that met the assumptions of the ANOVA
test (normally distributed raw or log-transformed residuals, see Section 4.2.2.1) and showed
significant improvement for the site-paired analysis of all the data were percent and mg/L
dissolved oxygen (p-value = 0.0194 and 0.0064), TOC (p-value = 0.0010), and TSS (p-value =
0.0821). ANOVA results of all the raw site-paired data that did not meet the assumptions of the
ANOVA test (raw and log-transformed residuals were not normally distributed) and had
comparable significant results to the Wilcoxon test were phosphorous (p-value = 0.0113) and
TKN (p-value = 0.0061), which significantly improved, and lead (p-value = 0.0067), which did
not improve significantly. The ANOVA and Wilcoxon analysis tests on the site-paired no dig
data in the Piedmont had no significant results.

SITE STATION DATA ANALYSIS RESULTS

The results of the comparison of the site station means for UP-DN, UP-FD, and DN-FD are
shown in Tables 4.3.3A-4.3.3C. Table 4.3.3A and 4.3.3B show the number station comparisons

49



for UP-DN, UP-FD, and DN-FD that had “improvement” and “no improvement” for the 19
parameters for the analysis of all the water quality (Table 4.3.3A) and the analysis of just the no
dig water quality (Table 4.3.3.B). “Improvement” or “no improvement” was calculated by
comparing the means of the upstream, downstream, and further downstream station locations.
Table 4.3.3C shows the total number of stations analyzed for UP-DN, UP-FD, and DN-FD in the
Coastal Plain and Piedmont for all the water quality results and the no dig results only.

For the Coastal Plain analysis of all the data, the East Fayetteville South site had the best rate of
improvement, with 43 of the 54 for station comparison parameters improving (15+16+12=43
improved and 3+2+6=11 no improvement- see Table 4.3.3A), while the Cox and Hog Farm
Upper sites had the second best rate of improvement with 41 of 55 station comparison
parameters improving. The Hog Farm Lower site showed the least improvement with only 5 of
19 station comparison parameters improving, with the Bachelor site being second with 7 of 12
parameters improving. If the UP-FD and DN-FD station parameter comparisons are not included,
then the PCS site would have only slightly better results than the Hog Farm Lower site with 5 of
18 parameters improving. The Hog Farm Lower site receives direct stormwater discharges from
a nearby hog farm operation and it is likely the PCS site is influenced by nearby phosphate
mining operations through atmospheric deposition. The analysis of the no dig data was
somewhat different; the Bachelor site had the best results with 15 out of 19 parameters
improving, and the Hog Farm Upper site had the second best results with 40 out of 55 station
parameter comparisons improving. The Nahunta site had the least improvement downstream,
with only 5 of 19 downstream station means improving. The Hog Farm Lower site had the
second least improvement with 7 of 19 stations improving downstream (see Table 4.3.3A and
4.3.3B).

In the Piedmont region, the Black Ankle Powerline and Troxler sites were tied for the best rate of
improvement with 17 of the 19 parameters improving downstream for the all water quality
analysis of station comparison of means. The least improvement was at the Black Ankle Non-
Powerline site in which only 4 of 19 parameters showed improvement. For the no dig only
results, the Black Ankle Powerline and Fire Tower sites had the best results with 15 out of 19
and 14 out of 19 parameters improving, respectively, and the Black Ankle Non-Powerline and
Moonshine sites had the least improvement with 5 of 19 parameters and 6 of 17 parameters
improving, respectively.

The summary Table 4.3.3C, Regional Sample Station Location Comparisons by site of Water
Quality Parameter Means, shows there are 385 “improvements” and 224 “no improvements” for
total station comparisons, or a 63% rate of improvement (385/609) for the analysis of all the
water quality data. The improvement rate of 56% for the no dig data was not quite as high with
results being 326 “improvement” and 254 “no improvement”. The total results of each station
location comparison for the Coastal Plain and Piedmont show there was a 66% rate of
improvement ([117+73+66]/[205+90+90]) for the Coastal Plain and 58% rate of improvement
(130/224) for the Piedmont for the all water quality data analysis of the station means. For the no
dig results there was a 58% rate of ([104+55+63]/[205+90+90]) improvement for the Coastal
Plain and 53% (104/195) rate of improvement for the Piedmont.
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As with the regional station site results, a chi-square analysis was used to see if the number of
“improvements”, as compared with the number of “no improvements”, were significantly
different. For the Coastal Plain site’s all data analysis, the number of improvements for UP-DN
were significant (p = 0.04), as was the number of improvements for UP-FD and DN-FD (both at
p < 0.0001); however, for the no dig data the number of improvements for UP-DN was not
significant. The number of improvements was significant for UP-FD (p = 0.035) and for DN to
FD (p < 0.0001). In the Piedmont, there were significantly more improvements for UP-DN
station comparisons (p = 0.016 for the all data summary analysis), but not for the no dig
summary analysis (p = 0.35).

These results, along with the results by ecoregion, show that the number of water quality
parameters that improve downstream is significantly larger than the number of parameters that
do not improve. Furthermore, for the Coastal Plain, sampling further downstream did show
more improvement. This indicates that sampling closer to or outside of the outflow location, as
was generally done in the Piedmont, appears to demonstrate better water quality improvements.

There are some differences between the analysis of all the water quality results and the no dig
results, though both sets of results showed improvement of water quality. The lower
improvement results for the regional and site comparison of stations (UP-DN, UP-FD, DN-FD)
for the no dig data may be seasonally related. Much of the digging to obtain samples occurred
during the drier season when flow rates were down and seasonal plant growth and microbial
activity were up. The wetlands may have had a better capacity to remove pollutants during the
warmer season when water has a longer residence time and plant uptake of nutrients and
microbial activity aids in pollution reduction. The dig samples were rarely obtained during the
colder sampling periods when wetlands may have been less efficient at removing pollutants as
during the warmer months.

Tables 4.3.4A and 4.3.4B show the results of the ranks sums test on parameter station
comparisons at each site for all the data and the site-paired data sets. The site-paired results (see
Table 4.3.4B) were very similar to the non-site-paired results (see Table 4.3.4A). The non-site-
paired results of the analysis of all the data had 65 station comparisons that were significantly
different, and the site-paired results of the analysis of all the data had 52 station comparisons that
were significantly different. The larger non-site-paired data set was probably the cause of more
significant results than the site-paired data set. For the non-site-paired analysis, 54 of the 65
station comparisons showed significant improvement downstream. For the site-paired analysis,
46 of the 52 station comparisons showed significant improvement downstream (p-value < 0.10).
The non-site-paired data set had significant results for all 19 parameters except turbidity and
NO2+NOs3, and the site-paired data set had significant results for all 19 parameters except TSS,
turbidity, and NO2+NOa. Turbidity was only tested during the first sample period, therefore, the
data set was too small to obtain a significant result for any of the sites for other site-paired or
non-site paired data sets.

The parameters that showed the most improvements were: dissolved oxygen (percent and mg/L)
at five sites for non-site-paired and four sites for site-paired; TKN at six sites for non-site-paired
and four sites for site-paired; copper at four sites for non-site-paired and five sites for site-paired,;
zinc at five sites for non-site-paired and four sites for site-paired; and TOC at four sites for non-
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site-paired and site-paired (See Tables 4.3.4A and 4.3.4B). More moderate improvements were
shown for the following: lead at four sites for non-site-paired and three sites for site-paired;
magnesium at four sites for non-site-paired and three sites for site-paired; specific conductivity at
four sites for non-site-paired and three sites for site-paired; ammonia at three sites for non-site-
paired and two sites for site-paired; phosphorous at three sites for non-site-paired and site-paired,;
pH at three sites for non-site-paired and site-paired; and calcium at two sites for non-site-paired
and site-paired. There was significant no improvement for DOC at two sites for non-site-paired
and one site for site-paired; and for one site for fecal coliform for both site-paired and non-site-
paired. The site-paired data set also had one site that showed significant improvement for fecal
coliform (see tables 4.3.4A and 4.3.4B). The significant improvements downstream for dissolved
oxygen may be attributed to streams having higher levels of oxygen than wetlands due to
flowing water. Wetlands also tend to have higher levels of carbon than streams, which would
explain the number of sites that had significantly reduced total organic carbon (TOC), though
this would not explain why there was only significant no improvement for DOC at downstream
stations. The more acidic pH found within wetland sites as compared to downstream sites was
not unusual, as wetlands with standing water are generally more acidic than flowing streams.
The other parameters that showed significant improvement downstream (TKN, copper, zinc,
magnesium, lead, specific conductivity, ammonia, phosphorus, and calcium) indicate headwater
wetland sites are in fact filtering out pollutants.

The sites that had the highest number of parameters with significant downstream improvement
were Walmart and Fire Tower, both at 12 parameters for the analysis of the site-paired data and
12 and 11, respectively, for the non-site-paired data. PCS and Hog Farm Upper had significant
downstream improvements for six parameters for the site-paired data and six for the non-site-
paired data. Boddie Noell had significant improvement for four parameters downstream for the
non-site-paired data, but no significant results for the site-paired data. All other sites had
between zero and three parameters that significantly improved downstream for both sets of data.

For the non-site-paired data and site-paired data, Spring Garden and East of Mason had no
significant improvements and one significant no improvement (DOC for Spring Garden and fecal
coliform for East of Mason). For the non-site-paired and site-paired data sets there were no
significant results for Black Ankle Non-Powerline, Rough Rider, Troxler, Kelly Road and
Moonshine. In addition, there were no significant results for the site-paired data for Pete Harris,
Boddie Noell, Battle Park, Cox, and Duke Forest. The sites with the highest number of
improvements, Walmart, Fire Tower, Hog Farm Upper, and PCS all had downstream or further
downstream stations that were located in unquestionably perennial waterways. The PCS sample
was taken in a perennial ditch and the other three samples were taken in perennial streams. The
significant improvements occurred at the further downstream stations in all cases for PCS and all
cases for the site-paired data set, and five out of six times for the non-site-paired data set for Hog
Farm Upper. It should be noted that the downstream seepage at Hog Farm Upper curves from
southeast to directly south. Potential pollutants most likely are received between the upstream
and downstream water quality stations at Hog Farm Upper due to the fact that field runoff comes
from the northeast, the curvature of the headwater seepage, and location of the water quality
stations. This is probably why there are higher pollutants at the downstream station than the
upstream and further downstream stations, even though the downstream and further downstream
stations occur in a perennial stream.
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Walmart and Fire Tower had 11 or 12 parameters that significantly improved and Hog Farm
Upper and PCS had six parameters that significantly improved may be that these sites received
higher rates of pollutants in the headwater areas, thereby allowing for greater difference between
headwater and downstream stations. Walmart is an urban site, while Hog Farm Upper receives
input from neighboring hog farm operations, Fire Tower is downstream of a mobile home park
and adjacent to a car junkyard, and PCS, although located in a natural setting, is situated near a
phosphate mine.
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Table 4.3.3.a Wetland Study Sites Station Location Comparison Water Quality Parameters Means — All

UP-DN UP-FD DN-FD
Region Site Name improvement | no improvement |improvement | no improvement |improvement | no improvement
Bachelor 7 12
Battle Park 12 7
Boddie Noell 12 5
< |Cox 13 6 14 14
{—f East Fayetteville North 12 7 11 10 8
®  |East Fayetteville South 15 3 16 12
§ Hog Farm Lower 5 14
© Hog Farm Upper 13 15 3 13 5
Nahunta 13
PCS 5 13 17 1 16 2
Rough Rider 10 9
Black Ankle Non-Powerline 4 15
Black Ankle Powerline 17
Duke Forest 12
East of Mason 8 11
= Fire Tower 16 3
2 |Kelly Rd 6 13
E Moonshine 6 11
e Pete Harris 8 11
Spring Garden 10 9
Troxler 17 2
Umstead 11 8
Walmart 15 2

UP-DN = Upstream to Downstream Station Comparison of Site Parameter Means

UP-FD = Upstream to Further Downstream Station Comparison of Site Parameter Means

DN-FD = Downstream to Further Downstream Station Comparison of Site Parameter Means

Improvement = Water Quality Parameter Improvement from upstream station location to downstream station location
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Table 4.3.3.b Wetland Study Sites Station Location Comparison Water Quality Parameters Means - No Dig

UP-DN UP-FD DN-FD
Region Site Name improvement|no improvement|improvement|no improvement|improvement|no improvement

Bachelor 15 4

Battle Park 12 7

Boddie Noell 12 5 . . . .
.% Cox 5 14 9 9 14 4
o |East Fayetteville North 13 6 5 13 5 13
8 |East Fayetteville South 7 11 12 6 15 3
§ Hog Farm Lower 7 12 . . . .
O |Hog Farm Upper 12 7 15 3 13 5

Nahunta 5 14 . . . .

PCS 6 12 14 4 16 2

Rough Rider 10 9

Black Ankle Non-Powerline 5 14

Black Ankle Powerline 15 4

Duke Forest 10 7

East of Mason 8 11
= |Fire Tower 14 5
£ |Kelly Rd 9 10
§ |Moonshine 6 11
& |pete Harris 12 7

Spring Garden 8 10

Troxler 2 3

Umstead 11 8

Walmart 4 1

UP-DN = Upstream to Downstream Station Comparison of Site Parameter Means
UP-FD = Upstream to Further Downstream Station Comparison of Site Parameter Means

DN-FD = Downstream to Further Downstream Station Comparison of Site Parameter Means
Improvement = Water Quality Parameter Improvement from upstream station location to downstream station location
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Table 4.3.3c Regional Sample Station Location Comparison by Site of
Water Quality Parameter Means

All Water Quality Results

Piedmont Coastal Plain
Upstream to Downstream TOtaI. Site
Station Comparisons UP-DN | UP-DN | UP-FD | DN-FD Stations
Improvement 130! 1172 733 664 385
No Improvement 941 882 173 244 224
Total Site Stations 224 205 90 90 609
Chi-square Results  1=P=0.016 2=P=0.043 3=P<0.0001 4=P<0.0001
Approaching Significant Significant Significant
No Dig Water Quality Results Only
Piedmont Coastal Plain
Upstream to Downstream Total Site
Station Comparisons UP-DN | UP-DN | UP-FD | DN-FD Stations
Improvement 104* 1042 5538 634 326
No Improvement 91! 1012 353 274 254
Total Site Stations 195 205 90 90 580
Chi-square Results 1=P=0.35 2=P=0.83 3=P=0.035 4=P<0.0001

Not Not

Significant ~ Significant

UP-DN = Upstream to Downstream Station Comparison of Site Parameter Means

UP-FD = Upstream to Further Downstream Station Comparison of Site Parameter Means

DN-FD = Downstream to Further Downstream Station Comparison of Regional Parameter Means

Improvement = Water Quality Parameter Improvement from upstream station location to

downstream station location

No improvement = No Water Quality Parameter Improvement from upstream station location to

downstream station location

Table 4.3.4a Parameter Station Comparisons for Individual Sites

V‘}Q'r‘fg’;(glr" Significant
wallis p- | Station
Site Name Parameter value | Comparison
Bachelor Specific Conductivity 0.009 UP-DN
Battle Park Ammonia 0.0833 UP-DN
Battle Park Dissolved Oxygen (%) 0.0833 UP-DN
Battle Park Dissolved Oxygen (mg/L) | 0.0833 UP-DN
Black Ankle Powerline Dissolved Oxygen (%) 0.0495 UP-DN
Black Ankle Powerline Dissolved Oxygen (mg/L) | 0.0495 UP-DN
Boddie Noell Dissolved Oxygen (%) 0.0641 UP-DN
Boddie Noell Dissolved Oxygen (mg/L) | 0.0641 UP-DN
Boddie Noell Lead 0.0491 UP-DN
Boddie Noell Zinc 0.0603 UP-DN
UP-DN & DN-
Cox TKN 0.0642 FD
Duke Forest TKN 0.0833 UP-DN
UP-DN & DN-
East Fayetteville North Copper 0.0979 FD
East Fayetteville North pH 0.0995 UP-DN
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Table 4.3.4a Parameter Station Comparisons for Individual Sites

Wilcoxon /

Significant
\'Z,Zfﬁ's‘a,i'_ gtation
Site Name Parameter value | Comparison

East Fayetteville North Specific Conductivity 0.0244 DN-FD
East Fayetteville South Magnesium 0.0635 UP-DN
East Fayetteville South pH 0.0861 UP-DN
East of Mason Fecal Coliform 0.0339 UP-DN
Fire Tower Calcium 0.0731 UP-DN
Fire Tower Copper 0.0021 UP-DN
Fire Tower Dissolved Oxygen (%) 0.0027 UP-DN
Fire Tower Dissolved Oxygen (mg/L) | 0.0027 UP-DN
Fire Tower Lead 0.0074 UP-DN
Fire Tower Magnesium 0.0758 UP-DN
Fire Tower pH 0.0026 UP-DN
Fire Tower Phosphorus 0.0037 UP-DN
Fire Tower TKN 0.0065 UP-DN
Fire Tower TOC 0.0039 UP-DN
Fire Tower Total Suspended Residue | 0.0603 UP-DN
Fire Tower Zinc 0.0401 UP-DN
Hog Farm Lower DOC 0.0641 UP-DN
Hog Farm Lower Phosphorus 0.0679 UP-DN
Hog Farm Lower Specific Conductivity 0.0176 UP-DN
Hog Farm Lower TKN 0.0174 UP-DN
Hog Farm Lower TOC 0.0176 UP-DN
Hog Farm Upper Dissolved Oxygen (%) 0.0041 UP-FD
Hog Farm Upper Dissolved Oxygen (mg/L) | 0.0099 UP-FD
Hog Farm Upper Magnesium 0.0802 UP-FD
Hog Farm Upper Phosphorus 0.0266 UP-FD
Hog Farm Upper TKN 0.0873 UP-DN
Hog Farm Upper TOC 0.0069 UP-FD
Nahunta Zinc 0.0459 UP-DN
PCS Ammonia 0.0289 DN-FD
PCS Copper 0.0871 DN-FD
PCS Lead 0.0477 DN-FD
PCS TKN 0.0414 DN-FD
PCS TOC 0.049 DN-FD
PCS Zinc 0.0287 DN-FD
Pete Harris Calcium 0.0833 UP-DN
Pete Harris Magnesium 0.0833 UP-DN
Spring Garden DOC 0.0833 UP-DN
Umstead Water, Temperature 0.0209 UP-DN
Walmart Ammonia 0.0086 UP-DN
Walmart Calcium 0.0143 UP-DN
Walmart Copper 0.0027 UP-DN
Walmart Dissolved Oxygen (%) 0.05 UP-DN
Walmart Lead 0.0028 UP-DN
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Table 4.3.4a Parameter Station Comparisons for Individual Sites

V\Q'r‘;‘;’li‘;?_/ Significant
Wallis p- | Station

Site Name Parameter value | Comparison
Walmart Magnesium 0.0143 UP-DN
Walmart Phosphorus 0.0082 UP-DN
Walmart Specific Conductivity 0.0176 UP-DN
Walmart TKN 0.0088 UP-DN
Walmart TOC 0.0061 UP-DN
Walmart Zinc 0.0041 UP-DN

Bold Blue = Improvement and Red = No Improvement

Table 4.3.4b Parameter Site-Paired Station Comparisons for Individual Sites

Wicoxon /| - significant
Wallis P- Station
Site Name Parameter Value Comparison
Bachelor Specific Conductivity 0.009 UP-DN
Black Ankle Powerline Dissolved Oxygen (%) 0.0495 UP-DN
Black Ankle Powerline Dissolved Oxygen (mg/L) 0.0495 UP-DN
UP-DN & DN-

East Fayetteville North Copper 0.0979 FD
East Fayetteville North pH 0.0995 UP-FD
East Fayetteville North Specific Conductivity 0.0244 DN-FD
East Fayetteville South pH 0.0941 UP-FD
East of Mason Fecal Coliform 0.0495 UP-DN
Fire Tower Calcium 0.0731 UP-DN
Fire Tower Copper 0.0021 UP-DN
Fire Tower Dissolved Oxygen (%) 0.0039 UP-DN
Fire Tower Dissolved Oxygen (mg/L) | 0.0039 UP-DN
Fire Tower Fecal Coliform 0.0758 UP-DN
Fire Tower Lead 0.0074 UP-DN
Fire Tower Magnesium 0.0758 UP-DN
Fire Tower pH 0.0037 UP-DN
Fire Tower Phosphorus 0.0037 UP-DN
Fire Tower TKN 0.0065 UP-DN
Fire Tower TOC 0.0039 UP-DN
Fire Tower Zinc 0.0401 UP-DN
Hog Farm Lower Phosphorus 0.0758 UP-DN
Hog Farm Lower Specific Conductivity 0.0283 UP-DN
Hog Farm Lower TKN 0.016 UP-DN
Hog Farm Lower TOC 0.0283 UP-DN
Hog Farm Upper Dissolved Oxygen (%) 0.0041 UP-FD
Hog Farm Upper Dissolved Oxygen (mg/L) | 0.0099 UP-FD
Hog Farm Upper Magnesium 0.0802 UP-FD
Hog Farm Upper Phosphorus 0.0266 UP-FD
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Table 4.3.4b Parameter Site-Paired Station Comparisons for Individual Sites

V‘Q'rfj‘;’li‘;?/ Significant
Wallis P- Station
Site Name Parameter Value Comparison

Hog Farm bpper TKN 0.0873 UP-DN
Hog Farm Upper TOC 0.0069 UP-FD
Nahunta Zinc 0.0459 UP-DN
PCS Ammonia 0.0289 DN-FD
PCS Copper 0.0871 DN-FD
PCS Lead 0.0477 DN-FD
PCS TKN 0.0414 DN-FD
PCS TOC 0.049 DN-FD
PCS Zinc 0.0287 DN-FD
Spring Garden DOC 0.0833 UP-DN
Umstead Copper 0.0495 UP-DN
Umstead Water, Temperature 0.0495 UP-DN
Walmart Ammonia 0.0202 UP-DN
Walmart Calcium 0.0209 UP-DN
Walmart Copper 0.0052 UP-DN
Walmart Dissolved Oxygen (%) 0.0209 UP-DN
Walmart Dissolved Oxygen (mg/L) 0.0433 UP-DN
Walmart Lead 0.0053 UP-DN
Walmart Magnesium 0.0209 UP-DN
Walmart Phosphorus 0.018 UP-DN
Walmart Specific Conductivity 0.009 UP-DN
Walmart TKN 0.0202 UP-DN
Walmart TOC 0.009 UP-DN
Walmart Zinc 0.0071 UP-DN

Bold Blue = Improvement and Red = No Improvement

Section 4.3.2 Exploratory analysis of seasonal trends — comparisons to known stream
parameter values, and results of cluster and partition analysis.

SEASONAL TRENDS ANALYSIS OF WATER QUALITY RESULTS

Seasonal trends of water quality parameter means and medians for all the data in the Coastal
Plain and Piedmont were similar to the Azous and Horner (2001) study. Seasonal trends were
fairly similar between regions. The nutrients (phosphorous, ammonia, TKN, and NO2+NOQO3) all
tended to have higher levels in the warmer months. Ammonia and NO2+NOz3 had higher levels in
the April and July sampling, phosphorous had higher levels in the April, July and October
sampling, and TKN had higher levels in the July and October sampling. Figure 4.3.1 shows the
ammonia seasonal trend. Temperature was lower in January, which enabled DO levels to be
highest at this time of year. Fecal coliform was higher in July and October than April and
January. TOC was higher in April and July (DOC was not sampled year-round). Specific
conductivity was highest in April, July, and October, but low in January. pH did not exhibit
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much in the way of seasonal trends. None of the metals except magnesium exhibited seasonal
trends either. Magnesium appeared to be higher in July.

Figure 4.3.1 One-way Analysis of Mean(Result) By Time Series Parameter-Ammonia
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COMPARISON OF HEADWATER WETLAND AND STREAM WATER QUALITY IN
NORTH CAROLINA

The median results of each parameter for each site were compared to the appropriate stream
region parameter results to data from the DWQ Ambient Monitoring System (AMS), EPA, and
USGS (see Table 4.1.1). The comparison of Coastal Plain and Piedmont stream water quality to
Coastal Plain and Piedmont wetland water quality in this study yielded results similar to the
Azous and Horner (2001) study (see Section 4.1). As was expected there were differences
between certain wetland and stream water quality parameters, even within the same region. For
ammonia, most wetland sites were comparable to the stream median results; however, five sites
had values greater than twice the median stream values. NO2+NOz median levels were lower at
most wetland sites, except the Hog Farm Upper site at 16 mg/L, which was considerably higher
than stream median levels. For the other nutrients, phosphorous and TKN had higher median
levels in wetlands than streams. Calcium levels were generally lower in wetlands than streams,
except for the Duke Forest site, where the wetland value was nearly twice as high as the stream
value. Magnesium was generally similar between wetland sites and streams, though the Hog
Farm Upper, PCS and Duke Forest sites had median values above maximum stream levels.
Copper and lead median levels were similar between wetlands and streams for approximately
75% of the sites, while the other 25% had higher copper and lead levels, considerably higher for
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lead even with the no dig data evaluation. As expected, dissolved oxygen (% and mg/L) was
lower in wetland sites than stream sites. Temperature was comparable but specific conductivity
and pH was lower in wetlands. Total suspended solid levels were considerably higher in
wetlands with both data sets (all and no dig). The DWQ AMS program did not assess DOC, but
TOC was higher in wetlands. Fecal coliform median levels were higher in wetlands at about a
third of the sites, and due to outliers, extremely higher at five of the wetland sites.

CLUSTER ANALYSIS RESULTS

Four cluster analyses were done: the means and medians of the water quality parameters for all
the data and for sampled directly data only. Table 4.3.5 shows the sites in the groups for the four
cluster analyses. The relationships between the groups are difficult to identify, but some
consistent patterns can be found. The rule of thumb was to find consistent groupings or pairings
of sites in three of the four cluster analysis runs.

First, Hog Farm Upper and Pete Harris sites came out grouping by themselves in three of the
four cluster analyses, so these two sites appear to be unique and therefore not similar to any of
the other sites. Moonshine and Umstead paired in all four analyses. The similarity between these
two sites may be due to their proximity to each other in Wake County. Both sites are on sloping
ground with a less defined, bowl-shaped topography. The surrounding vegetation for both sites
is woodland. In terms of the water quality parameters the two sites had similar pH levels,
ammonia levels, TOC levels, TKN levels, phosphorus levels, NO,+NOg levels, lead levels, fecal
coliform levels, DOC levels, and copper levels. Given the number of parameters where they
were similar, this shows why they were paired so strongly.

PCS and East Fayetteville South paired three times, and in the fourth analysis, they were in
adjacent groups. The pairing of these two sites is strong but difficult to understand because they
are very different in terms of vegetation (PCS is pocosin-like and East Fayetteville South is
mixed) and topography (PCS is Flat and East Fayetteville South is bowl-shaped), and are
separated spatially with PCS being in the outer Coastal Plain and East Fayetteville South being
in the inner Coastal Plain, which borders the Piedmont. For the water quality parameters, the
two sites were similar on dissolved oxygen levels, ammonia levels, and NO2+NOs levels.

Also being paired three times were Boddie Noell and Battle Park. Both of these sites are within
two miles of each other and both are urban sites. Topographically, Boddie Noell is slightly
sloping and Battle Park has an elongated bowl. There is woodland vegetation in both sites, but
Battle Park has several bald cypress trees (Taxodium distichum). The two sites were similar on
several water quality parameters: ammonia levels, calcium levels, dissolved oxygen levels,
magnesium levels, phosphorus levels, specific conductivity levels, and TKN levels.

Another grouping was the pairing of Kelly Road and Spring Garden three times, Kelly Road and
Black Ankle Non-Powerline three times, with all three sites paired twice. All three sites are
typical Piedmont headwater wetlands with a bowl-shaped topography and well-defined streams.
The vegetation for all three sites is typical Piedmont woodland, and all three sites are in different
counties. In terms of the water quality parameters, all three sites were similar on DOC levels,
NO2+NOs levels, TKN levels, and pH levels. Kelly Road and Spring Garden were also similar
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in levels of ammonia, calcium, copper, dissolved oxygen, lead, magnesium, TOC, and TSS.
Kelly Road and Black Ankle Non-Powerline were also similar in levels of phosphorus levels and
zinc.

Bachelor and East Fayetteville North were paired three times, and East Fayetteville North and
Rough Rider were paired in three of the four cluster analyses. The three sites were then grouped
together twice. Bachelor is in the inner Coastal Plain and has vegetation similar to a pocosin
with wide and flat topography. Rough Rider too is also in the inner Coastal Plain and is also
very flat, but the vegetation is more woodland, resembling a bottomland hardwood forest. East
Fayetteville North is in the outer Coastal Plain and its topography is bowl-shaped and its
vegetation is woodland. All three sites were similar in terms of the water quality parameters on
levels of fecal coliform, lead, magnesium, NO2+NQOgz, phosphorus, and specific conductivity.
Bachelor and East Fayetteville North were additionally similar on ammonia levels and TKN
levels, and East Fayetteville North and Rough Rider were similar on levels of calcium, dissolved
oxygen, TOC, and zinc.

For the two sampled directly cluster analyses (mean and median), one larger group occurred in
both results and is worth noting since there was no other large grouping that consistently
resulted. The sites were Spring Garden, Kelly Road, Black Ankle Non-Powerline, Fire Tower,
and Walmart. All of these sites have a bowl-shaped topography and are in the Piedmont.
Vegetation at these sites is forested with mature trees, but there are some differences. Walmart
and Fire Tower are similar to each other but different from the other three. Walmart is a heavily
urban site. There were six water quality parameters that were similar in the five sites: calcium
levels, DOC levels, lead levels, magnesium levels, NO2+NO3 levels, and specific conductivity
levels.

The Partition Analysis (see Table 4.3.5) resulted in exactly the same six groups for all the data
and for the no dig data. The only relationship to the cluster analyses is that Umstead and
Moonshine are again paired, and Boddie Noell and Battle Park, while not paired, are in adjacent
groups.

The first group (Nahunta, Black Ankle Non-Powerline, and East Fayetteville North) in Table
4.3.5, had similar ammonia, phosphorus, and pH water quality parameters. For the second group
there were ammonia, calcium, fecal coliform, lead, magnesium, phosphorus, TKN, and pH water
quality parameters. For the third group at least three of the four members were similar on
calcium, DOC, NO2+NOs3, phosphorus, and TKN. The four group members were not similar as
a total group on any one water quality parameter.

The fourth group (Boddie Noell, Hog Farm Lower, and Spring Garden) had similar results on the
calcium, copper, and fecal coliform water quality parameters. The largest group was the fifth
group (see Table 4.3.5). This group was similar on the fecal coliform, magnesium, NO2+NOs,
and TKN levels. The last group had similar water quality results for levels of calcium, copper,
fecal coliform, lead, NO2+NOs, TKN, and pH .

The results of the Cluster Analysis and the Partition Analysis await further analysis. Similarities
in the water quality parameters give the basis for the clusterings or groupings, but additional
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variables, such as Land Development Index (LDI), Ohio Rapid Assessment Method (ORAM),
region, soil type, etc., need to be included to better understand what is causing these groupings or
whether they are even the correct groupings. This should give a better understanding of the sites
relationship to each other, on what parameters they relate, and how they relate to land use,
disturbance, etc.
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Table 4.3.5 Partition and Cluster Analyses

Partition Analysis

Groupl Group2 Group3 Group4 Group5 Group 6
Nahunta Troxler Hog Farm Upper Boddie Noell Bachelor Kelly Rd.
Black Ankle NonP Cox E Fayetteville North Hog Farm Lower Black Ankle Pow  Rough Rider
E Fayetteville South Fire Tower PCS Spring Garden Walmart Umstead
Pete Harris Duke Forest East of Mason Moonshine
Battle Park
Cluster Analysis for No Dig Median Analysis
Groupl Group2 Group3 Group4 Group5 Group 6 Group 7
Hog Farm Upper Battle Park Moonshine Spring Garden Pete Harris Nahunta Rough Rider
Boddie Noell Umstead Kelly Rd Hog Farm Lower E Fayetteville South
Duke Forrest Walmart East of Mason E Fayetteville North
Black Ankle Pow Fire Tower Cox
Black Ankle Non-Powerline PCSs
Bachelor
Cluster Analysis for No Dig Water Quality Mean Analysis
Groupl Group2 Group3 Group4 Group5 Group 6 Group 7
Pete Harris East of Mason Hog Farm Upper Moonshine Spring Garden Nahunta Rough Rider
E Fayetteville South  Black Ankle Pow Umstead Duke Forest Hog Farm Lower
PCS Boddie Noell Walmart E Fayetteville North
Cox Battle Park Kelly Rd Bachelor
Fire Tower

Black Ankle Non-Powerline
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Table 4.3.5 Partition and Cluster Analyses

Cluster Analysis for All Water Quality Mean Data

Groupl Group2 Group3 Group4 Group5 Group 6 Group 7 Group8
PCS Hog Farm Upper Pete Harris Troxler Spring Garden Rough Rider Walmart Umstead
Nahunta Duke Forest Kelly Rd Boddie Noell Hog Farm Lower Moonshine
E Fayetteville South East of Mason Battle Park Fire Tower
Black Ankle Non-Powerline Black Ankle Powerline E Fayetteville North
Cox
Bachelor
Cluster Analysis for All Water Quality Median Data
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10
Hog Farm upper Troxler PCS Boddie Noell Walmart Cox Pete Harris Rough Rider East of Mason Bachelor
Spring Garden E Fayetteville South Nahunta Hog Farm Lower Kelly Rd
Umstead Black Ankle Pow Battle Park Fire Tower Black Ankle NonP
Moonshine

Duke Forest
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Section 4.3.3 Correlation Analysis with ORAM and LDI Watershed Values Results

Table 3.2 in Section 3 shows the Land Development Index scores (LDI) for each site’s watershed
and Ohio Rapid Assessment Method (ORAM) site scores (LDI and ORAM are explained further
in Sections 3.2 and 3.3) . LDI scores rate the land use of a given area according to development
of each parcel of land in that given area. Watershed LDI scores ranged from 137.17 to 317.66
and 107.00 to 595.49 in the Coastal Plain and Piedmont, respectively. The LDI scores average
235.2 in the Coastal Plain and 249.6 in the Piedmont. ORAM scores range from 0 to 90, with
higher scores indicating a higher quality wetland site. ORAM scores ranged from 35.50 to 70.50
in the Coastal Plain and 20.5 to 74.33 in the Piedmont.

The Correlation Analysis results are shown in Tables 4.3.6A and 4.3.6B. The results for the
analysis of all the water quality results are shown on the left side of the tables and the results for
the analysis of the no dig results (surface water sample only) are shown on the right side of the
tables. Generally, these two sets of results were comparable. The sign of the correlation value
(Spearman’s p) indicates whether there was a positive correlation or negative correlation
between the water quality parameter results and the LDI or ORAM scores. Therefore, a positive
Spearman’s p for the LDI scores means that the water quality parameter increases as the LDI
score increases or the land cover type becomes more developed. Higher water quality results
indicate degraded water quality for all parameters except dissolved oxygen and pH, as lower
dissolved oxygen higher acidic pH indicates a lower water quality level. A p-value< 0.10
indicates there was a significant correlation between the water quality parameter and the LDI or
ORAM score.

Table 4.3.6A shows the correlation analysis for the site watershed LDI scores against the water
quality parameter results. There is a significantly positive correlation between the LDI scores and
fecal coliform, magnesium, and NO,+NOg for all the water quality results and no dig results.
This indicates that as land use intensifies in the watersheds of headwater wetlands, fecal
coliform, magnesium, and NO>+NOs levels increase, causing a decrease in water quality. A
transformation of the fecal coliform data set was done for a second correlation, using Pearson’s
correlation coefficient and pairwise comparisons, in order to reduce the effects of outliers. The
transformed fecal coliform data showed there was a significant positive relationship for all the
data and watershed LDI scores and no significant relationship for the no dig data and watershed
LDI scores. The significant correlation between the LDI and fecal coliform and LDI and
NO2+NO:s is likely because of hog farming operations in the Coastal Plain. Other agricultural
practices would also affect the NO2+NOs levels within the Coastal Plain watersheds. The Hog
Farm Upper site in Sampson County had particularly high levels of NO>+NOs (19.21 mg/L
average).

Table 4.3.6B shows the Spearman’s Rho correlation analysis for the site ORAM scores against
the water quality parameter results. The ORAM metrics completed for this analysis did include
information on upland buffers and surrounding land use, as well as wetland size, hydrology,
habitat alteration and development, plant communities, interspersion, and microtopography (see
Appendix B). There was a significant negative correlation for calcium, magnesium, NO2>+NOs3,
specific conductivity, and zinc for both sets of results (all water quality data and no digs data
only). There was also a significant negative correlation for ammonia and fecal coliform for the
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no dig correlation analysis. Therefore, calcium, magnesium, NO2+NOs3, specific conductivity,
and zinc increased as the quality of the wetland and surrounding buffer decreased as indicated by
the ORAM score. Ammonia and fecal coliform also increased as the ORAM score decreased
(lower quality wetland) for the no dig data sample correlation analysis. Similar to the LDI
analysis, a Pearson’s correlation coefficient and pairwise comparison analysis was also run with
transformed fecal coliform results for both data sets against the ORAM scores. There was no
significant correlation of the transformed fecal coliform data and ORAM scores for the analysis
of all the data or for the analysis of the no dig data only.

In summary, it can be concluded from the results of the Watershed LDl and ORAM correlation
analyses that headwater wetlands located in the more urban and highly agricultural watersheds
have lower water quality than wetlands in more natural areas with regard to magnesium,
NO>+NOs, and fecal coliform. Wetland quality as assessed by ORAM is also directly related to
ammonia, calcium, magnesium, fecal coliform, NO2+NQOs, specific conductivity, and zinc levels.

Table 4.3.6a Correlation Analysis - Site Watershed Land Development Index by Water Quality Results

All Sample Data Sample Directly Data Only
o 25 g | s 32 g
Sa £ o 2 Sa £ o F:a
S§ £5 £ S S§ £S5 £ S
s E o® ° 3 sE o® ° 3
23 z2 = g 3 z2 = 2
Water Quality Parameter| S & 28 o S S& 23 > 3
Ammonia mg/L 0.0737 | 0.3022 Not 0.1073 | 0.1926 Not
Calcium mg/L 0.0438 0.587 Not 0.1477 | 0.1184 Not
Copper ug/L -0.113 0.1094 Not -0.2565 | 0.0014 |[Significant No
DOC mg/L -0.1525 | 0.0773 |Significant No -0.19 0.0346 |Significant No
Dissolved Oxygen (%) -0.0124 | 0.8609 Not 0.0051 0.949 Not
Dissolved Oxygen (mg/L) | 0.0026 | 0.9701 Not 0.0286 0.719 Not
Fecal Coliform cfu/100 ml | 0.1304 | 0.0685 |Significant] Yes 0.1439 | 0.0779 |Significant| Yes
Lead ug/L -0.0935 | 0.1855 Not -0.2106 0.009 |Significant No
Magnesium mg/L 0.1346 | 0.0939 |Significant] Yes 0.219 0.0198 |Significant] Yes
NO2+NOs mg/L 0.3235 | <0.0001 |Significant| Yes 0.424 | <0.0001 [Significant Yes
Phosphorus mg/L -0.0123 | 0.8638 Not -0.0507 | 0.5394 Not
Specific Conductivity 0.0188 | 0.7925 Not 0.0515 | 0.5209 Not
Total Kjeldahl (TKN) mg/L | -0.0047 | 0.9481 Not -0.0762 | 0.3559 Not
TOC mg/L -0.1215 | 0.0864 |Significant No -0.2291 | 0.0047 |[Significant No
TSS mg/L -0.2054 | 0.0132 |Significant No -0.2334 0.008 |Significant No
Turbidity NTU -0.2185 | 0.1644 Not -0.3433 | 0.0324 |Significant] No
Water, Temperature C° 0.0448 | 0.5212 Not 0.0451 0.5661 Not
Zinc mg/L -0.0287 0.685 Not -0.1335 | 0.0999 |[Significant No
pH S.U. 0.0402 | 0.5737 Not 0.1085 | 0.1789 Not
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Table 4.3.6b Correlation Analysis - Site ORAM Scores by Water Quality Results

All Sample Data Sample Directly Data Only
© ©
> >
=g =
v 83 s 0 g2 s
3 °3 = 3 S o =
> a o ) ?:) >a af ) 9;)
55 £5 = 8 5§ £5 e 8
RE SE i 5 BE SE i =
O ® =0 = [} o ® = = [}
. = 55 ) = =g 55 > 5
Water Quality Parameter S8a 350 5 8 & 30 5 8
Ammonia mg/L -0.0973 | 0.1726 Not -0.1556 0.058 |Significant] Yes
Calcium mg/L -0.2781 | 0.0004 |Significant] Yes -0.384 | <0.0001 |Significant|  Yes
Copper ug/L -0.0689 | 0.3296 Not 0.0466 | 0.5673 Not
DOC mg/L -0.0124 | 0.8866 Not 0.0232 | 0.7986 Not
Dissolved Oxygen (%) -0.051 0.4712 Not -0.0441 | 0.5796 Not
Dissolved Oxygen (mg/L) | -0.0651 | 0.3559 Not -0.0642 | 0.4183 Not
Fecal Coliform cfu/100 ml | -0.1096 | 0.1262 Not -0.1561 | 0.0557 |Significant| Yes
Lead ug/L 0.0082 | 0.9083 Not 0.1179 | 0.1465 Not
Magnesium mg/L -0.3911 | <0.0001 |Significant| Yes -0.4689 | <0.0001 [Significant| Yes
NO2+NOs mg/L -0.367 | <0.0001 |Significant]  Yes -0.4713 | <0.0001 |Significant|  Yes
Phosphorus mg/L -0.0867 | 0.2243 Not -0.0889 | 0.2811 Not
Specific Conductivity -0.2194 | 0.0018 |[Significant] Yes -0.2665 | 0.0007 |[Significant] Yes
Total Kjeldahl (TKN) mg/L | -0.0896 | 0.2093 Not -0.045 0.5859 Not
TOC mg/L 0.0428 | 0.5473 Not 0.1463 | 0.0731 |Significant No
TSS mg/L 0.1058 | 0.2052 Not 0.1387 | 0.1184 Not
Turbidity NTU 0.0614 | 0.6991 Not 0.1855 | 0.2582 Not
Water, Temperature C° 0.0024 | 0.9722 Not -0.0326 0.679 Not
Zinc mg/L -0.1919 | 0.0062 |Significant] Yes -0.1393 | 0.0859 |Significant| Yes
pH S.U. -0.0251 | 0.7257 Not -0.0432 | 0.5936 Not

Table 4.3.7A and 4.3.7B summarizes the results of the Spearman’s Rho Correlation analysis for
site percent improvement capacity against sitte ORAM and Watershed LDI scores separately.
Table 4.3.6A shows the results for the analysis of all the data and Table 4.3.6.B shows the results
for the analysis of the no dig data. The percent improvement capacity is the number of site
station comparisons (UP-DN + UP-FD + DN-FD improvement) that showed improvement
divided by the total number of station comparisons (UP-DN + UP-FD + DN-FD total) for that
site (see Section 4.2.2.3). There was a significant correlation of a Prob>|p| = 0.07 with a
correlation coefficient (Spearman’s p) of —0.38 for the analysis of ORAM against the percent
improvement capacity of all the data (see Table 4.3.7.A). The negative Spearman’s p correlation
coefficient for the ORAM correlation with percent improvement capacity indicated that the
ORAM score increases (or the quality of the wetland improves) as the percent improvement
capacity decreases. There were no significant results for the analysis of percent improvement
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capacity for all the data against watershed LDI or for any of the no dig data analysis (see Table
4.3.7.B). The results of the correlation analysis of all the water quality indicate that headwater
wetlands still maintain the ability to filter pollutants even when not of the highest quality. This
reinforces the importance of maintaining these headwater wetland systems even when they do
not appear to be of the highest quality.

Table 4.3.7a Correlation Analysis of Wetland Site Improvement Capacity by ORAM and Land
Development Index - All Data

Percent

Coastal Plain Sites Pemerg;rggcrﬁ;emem Piedmont Sites Img;opvaecr;:im

Bachelor 0.37 Black Ankle Non-Powerline 0.21

Battle Park 0.63 Black Ankle Powerline 0.89

Boddie Noell 0.71 Duke Forest 0.63

Cox 0.75 East of Mason 0.42

East Fayetteville North 0.60 Fire Tower 0.84

East Fayetteville South 0.80 Kelly Rd 0.32

Hog Farm Lower 0.26 Moonshine 0.35

Hog Farm Upper 0.75 Pete Harris 0.42

Nahunta 0.68 Spring Garden 0.53

PCS 0.70 Troxler 0.89

Rough Rider 0.53 Umstead 0.58

Walmart 0.88

ORAM Spearman’s p -0.384 o

Prob>|p| 0.071 Significant

Watershed LDl Spearman’s p 0.248 . th
Prob>|p| 0.253 Significant

Table 4.3.7b Correlation Analysis of Wetland Site Improvement Capacity by ORAM and Land
Development Index - No Dig Data

Percent Percent
Coastal Plain Sites Img;%\/aec?tfm Piedmont Sites 'mSL%Vaec’Rye”t

Bachelor 0.79 Black Ankle Non-Powerline 0.26
Battle Park 0.63 Black Ankle Powerline 0.79
Boddie Noell 0.71 Duke Forest 0.59
Cox 0.51 East of Mason 0.42
East Fayetteville North 0.42 Fire Tower 0.74
East Fayetteville South 0.63 Kelly Rd 0.47
Hog Farm Lower 0.37 Moonshine 0.35
Hog Farm Upper 0.73 Pete Harris 0.63
Nahunta 0.26 Spring Garden 0.44
PCS 0.67 Troxler 0.40
Rough Rider 0.53 Umstead 0.58

Walmart 0.80
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Table 4.3.7b Correlation Analysis of Wetland Site Improvement Capacity by ORAM and Land

Development Index - No Dig Data

Percent Percent
. . Improvement . . Improvement
Coastal Plain Sites Capacity Piedmont Sites Capacity
ORAM r-Value -0.041 ' N(?t
P-Value 0.853 Significant
Watershed LDI r-value -0.073 _ Not
P-Value 0.742 Significant
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Section 5 — Hydrology Monitoring Section
Section 5.1 Hydrology Introduction and Background

Most wetlands experts would agree that hydrology is the single most important variable in the
formation and maintenance of wetland systems. When the hydrology of a wetland is altered,
significant changes to the functioning of the wetland often occur. Some alterations to hydrology
occur naturally, such as storms, hurricanes and beavers; however, most are human-induced, such
as harmful agricultural and silvicultural practices, ditching and channelization of streams,
invasive plant species introductions, and road construction.

Hydrologists investigate the relationship of the water table relative to the ground surface.
Hydrology is concerned with the transport of water through the air, over the ground surface, and
through the strata of the earth (Ward and Elliot 1995 and Davie 2003). While definitions of
wetlands may differ among scientists, individual states, and government agencies (Tiner 1997),
the important role of hydrology in wetlands is not in dispute. Mitsch and Gosselink (1993) state
that “hydrology is probably the single most important determinant of the establishment and
maintenance of specific types of wetlands and wetland processes”. Wetlands are more sensitive
to changes that affect their hydrology than to changes to either soil or vegetation. If the plants
were to be eliminated but the hydrology remained, wetland plants will soon re-inhabit the
wetland. Hydric soi