ABSTRACT
LEWIS, ROBERT Q. The Lasting Impacts of Post-Colonial Agriculture and Water-Powered
Milldams on Current Water Quality, Umstead State Park, Wake County, North Carolina.
(Under the direction of Karl Wegmann).

European settlers began building water-powered milldams in the eastern United
States in the 1600s, a practice that continued until the early 20th century. At the same time,
regional land clearing for agriculture and development along with poor soil management
practices increased upland erosion rates 50 to 400 times above the Holocene background,
impacting sedimentation rates in regional waterways. Milldams impounded substantial
volumes of sediment from eroded upland soils. The buildup of these “legacy” sediments
forced stream channels to aggrade until most-to-all of the storage capacity behind the dams
was replaced with fine-grained sediments. Current analysis of the impact that these stored
sediments have on modern water quality in North Carolina is not well understood.

It is proposed that the erosion of these sediments has led to a dramatic increase in
total suspended solids (TSS) and turbidity. Three streams, Reedy, Richland, and Sycamore
Creeks, located within W.B. Umstead State Park, Wake County, Raleigh, North Carolina,
had reaches impounded behind historic milldams. Sediments exposed along stream banks
were analyzed to determine the total volumes of aggraded sediment and their contribution to
modern water quality impairment through bank erosion processes. This was accomplished
through mapping of eroded upland regions, visual designations based on stratigraphy and
silt/clay content of the stream bank, magnetic susceptibility (MS), radiocarbon dating, and
through the measurement of bank erosion rates. Erosion rates were determined from the
decadal to event specific scale. This was accomplished by the use of planimetric surveys,

root dendrochronology and sampling of insitu total suspended sediments in the stream.



Root Dendrochronology is the study of anatomical alterations that occur at the
cellular level of the tree root. These alterations occur when the soil covering the root is
removed either through continuous denudation or rapid exposure. The study of changes to the
root structure allows for the determination of the first year in which the exposure occurred.

An advantage that this method has is in its ability to accurately record rates of stream bank
erosion and changes to stream form as well as inferences regarding the processes that led to
the uncovering of the root.

Mapping revealed extensive gully incision and sheet erosion of upland soils
attributed to post-settlement agricultural practices. Stream bank sediments were categorized
as pre-European sediment, pre-dam legacy sediment (sediment accumulated along valley
bottoms prior to dam construction), milldam legacy sediment (sediment deposited in the
millpond after the dam was in place), and the modern top soil. MS values obtained from bank
profiles containing legacy sediments systematically increased above the pre-European
sediment unconformity. Radiocarbon dating revealed that pre-European soils ranged from
350 to 3,880“C years before present (ybp), while legacy sediments ranged from 85 to 205
14C ybp. Results from the planimetric surveys and root dendrochronology studies showed

bank erosion occurring on all time scales leading to increased TSS in present day streams
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CHAPTER 1

1.1 Introduction
1.1.1 Environmental Perspective

In 2007, the United States Environmental Protection Agency concluded that
suspended sediments are the single largest contributor to stream water impairment across the
nation (USEPA, 2007). Urbanization and agriculture are frequently blamed for this type of
water quality degradation. There is little dispute that these anthropogenic influences are
culpable for a considerable amount of the impairment of fluvial systems; however, current
streams often remain impaired after the implementation of extensive soil conservation
practices intended to reduce their effects (Meade, 1982; Knox, 2002; Schenk and Hupp,
2009). Further, a study conducted by the U. S. Geological Survey from 1983 to 1995 in the
Research Triangle Area of North Carolina found no clear patterns linking water-quality
trends to development and growth patterns (Childress and Neeti, 1997), with regard to stream
water quality and regional development. There is now support for previously unknown
sources of non-point source pollution being one of the significant causes for increased levels
of total suspended solids (TSS) and nutrients in today’s streams (Walter and Merritts, 2008).
Walter and Merritts (2008) concluded that “legacy sediments”, soil eroded from upland
sources by post-European settlers and subsequently deposited in millponds, are a potentially
large contributor to non-point source stream pollution.This study was conducted along three
tributaries of Crabtree Creek, a large tributary flowing through Raleigh to the Neuse River; a
major river that discharges into the Pamlico Sound. The Neuse River basin is one of a

number of stream systems



draining the Atlantic Piedmont physiographic province containing significant channel
reaches that are impaired for both TSS (or turbidity) and nutrients (Deamer, 2009). The
Neuse is the third largest river basin in North Carolina and includes 5,454 km of freshwater
streams, 7,245 hectares of freshwater reservoirs, 230 km of saltwater streams, and 150,050
estuarine/saltwater hectares (Deamer, 2009). The majority of the freshwater streams in the
basin are impaired due to elevated turbidity, biological integrity, and low dissolved oxygen
(Deamer, 2009). In 2007, the Neuse River was listed among thertopostendangered

U.S. river systems by a national conservation organization (American Rivers, 2007).

This study identified the possible upland sources and approximate volume of legacy
sediment that accumulated along the base of hillslopes and alluvial valleys within Umstead
State Park, Wake County, North Carolina. The purpose of this research is to determine the
effects that post-European settlement agriculture and the construction and demise of water-
powered milldams is having on modern water quality. This research asserts that the ongoing
erosion of historically-aggraded sediments from stream banks is currently degrading water
quality by increasing TSS and turbidity levels at the stream-reach scale.

1.1.2 Historical background

European settlers began building low-head water-powered milldams in the eastern
United States in the 1600s, and dam construction continued until the early 20th century
(Walter and Merritts, 2008). In addition, regional scale land clearing associated with
agriculture and development activities increased upland erosion rates 50 to 400 times above
long-term geologic rates (Trimble, 1975), and therefore have impacted stream sedimentation

rates. The cumulative effect of a an abundance of early American milldams and chains of



slack-water millponds extending up many of the small-to-medium sized perennial streams
along the Atlantic Piedmont physiographic province has only recently been recognized as a
cause of modern stream channel degradation (Walter and Merritts, 2008). The construction of
milldams along piedmont streams raised regional base levels (1 to 5 meters on average). This
led to the entrapment of sediments derived from rapidly-eroding upland soils due to poor
agricultural practices that otherwise would have been flushed through the fluvial system.

This trapped “legacy” sediment, commonly mistaken for floodplain deposition, has gone
largely unrecognized by the geology, fluvial geomorphology, and civil engineering — stream
restoration communities until recently (Walter and Merritts, 2008). The buildup of legacy
sediments behind milldams forced stream channels to aggrade until eventually most-to-all of
the storage capacity behind the dams was replaced with primarily fine-grained sediments.
Subsequent breaching of these historic milldams led to rapid channel incision (Walter and
Merritts, 2008).

Today, many streams in the lenglief mid-Atlantic Piedmont are incised into poorly-
consolidated soils, with steep eroding banks, and carry anomalously high amounts of
suspended sediment (Gellis et al., 2005). Erosion of historic mill pond deposits may be one
of the causes. Stream banks comprised of legacy sediments are highly erodible and may
contribute substantial percentages to the non-point source pollution (i.e., total suspended
solids and nutrients Nitrogen, Phosphorous, as well as organic Carbon) of regional
waterways and estuaries. This work has implications for interpretation of alluvial
sedimentation and stream channel form and evolution wherever low-head water-powered

milldams were used in conjunction with land use practices resulting in large loads of upland



sediment delivered to regional drainage networks.
1.1.3 Agricultural History

Early colonial and post-colonial America was primarily an agrarian society, engaging
in self-sufficient farming and the production of crops for the commercial market (Cathey,
1951). Though American society was deeply invested in agriculture, they lagged behind,
agrarian countries in Europe, in farming technology and practices (Cathey, 1951). Many of
these outdated customs were brought over to America by settlers from Europe (Trimble,
1974; Costa, 1975; Meade, 1982; Trimble, 1985). These practices involved the use of
inferior tools, single-crop rotations, open-tillage farming, slash and burn land clearing, lack
of cover crops, and the abandonment of exhausted fields (Bennett, 1932, 1931, Cathey, 1951,
Trimble, 1974; Costa, 1975; Meade, 1982; Trimble, 1985; Percy, 1992; Nelson,1997; Helms,
2000). One of the reasons for the persistence of these agricultural practices was the
seemingly endless supply of land (Cathey, 1951; Trimble, 1985; Percy, 1992). The use of
these outdated farming traditions led to the degradation of once fertile upland soils. Extensive
erosion of the landscape can be directly attributed to open-tillage farming, land clearing, and
the lack of cover crops during the winter months (Hall, 1949; Cathey, 1951; Trimble, 1974,
Costa, 1975; Trimble, 1985). The removal of vegetation and tilling of recently cleared land
leaves the landscape susceptible to surface erosion by processes such as increased raindrop
impact, reduction of surface hydraulic roughness, destruction of the soil structure, and the
more-rapid development of both Hortonian overland flow (HOF)and channelized flow
(Bennett, 1931, Pearce, 1976; Trimble, 1985; Vandaele, 1996; Nelson, 19997; Knox, 2002).

Increased soil erosion occurred because of either sheet wash (HOF) across the soil surface or



through flow channelization and the formation of gullies, which leave behind an undulated
topography no longer suitable for farming (Bennett, 1932, 1931; Happ, 1945; Hall, 1949;
Trimble, 1974; Meade, 1982; Trimble, 1985; Helms, 2000). Even in the presence of meager
soil conservation efforts such as hillside ditching (as a means to divert water) and terracing
(Hall, 1949), rates of upland erosion following agricultural disturbance continued to
significantly outpace the rate of soil formation (e.g., Trimble, 1985). The impacts of upland
erosion were greatest in the southern piedmont, from Alabama to North Carolina (Cathey,
1951; Trimble, 1974; Meade, 1982; Trimble, 1985; Percy, 1992), corresponding to non-
glaciated sub-tropical regions with thick clay-rich soil profiles and extensive saprolite that
developed over millions of years.

One natural derivative of the erosion brought about by the aforementioned
agricultural practices was valley-bottom sedimentation. It has been estimated, that 5 to 30 cm
of vertical upland soil loss, in the southern Piedmont, can be directly attributed to these
agricultural practices (Costa, 1975). Trimble (1975) concludes that the southern Piedmont
from Virginia to Alabama has lost on average soil depth of nearly 18 cm during the period of
extensive agricultural-driven upland erosion; yet much of this eroded sediment can still be
found on the hillslopes and floodplains of the Piedmont basins. Meade (1982) and Trimble
(1975) reported that 90% of upland eroded soils are stored in the hillslope and valleys of the
southern Piedmont, with only small volumetric amounts being transported to depositional
sites in either the coastal plain, estuaries, or transferred to offshore marine depocenters
(Phillips, 1992; Phillips, 1993; Phillips, 1997; Benedetti et al., 2006). While in Maryland,

Costa (1975) documented that two-thirds the eroded soil volume is still confined to the



Piedmont. Erosion and transport of the upland soils has led to significant aggradation of the
lower hillslopes and alluvial valleys. Bennett (1931) estimated that the Piedmont alluvial
bottomlands, from the southeast corner of Pennsylvania to Alabama, have experienced 0.05
m to 2 m of aggradation, while Happ (1945) demonstrated that South Carolina Piedmont
streams had experienced an average of 1 m of aggradation. Similarly, Costa (1975) attributes
0.8 m of valley bottom sediment accumulation, in the Piedmont of Maryland, to the eroded
agricultural uplands. Milldams and their impounded upstream ponds would have been
additional local depocenters along Piedmont streams were eroded sediment could be
temporarily stored in the landscape to a thickness less than or equal to the height of the dam.

Trimble (1975) estimated averages of 15 cm of soil loss for North Carolina, and 10
cm for Wake County specifically. Though rates of erosion have been estimated for North
Carolina, the thickness of valley bottom aggradation has not previously been documented.
This study aids in the understanding of alluvial bottom accretion of eroded upland soils by
guantitatively measuring stream banks heights and volumes of stored sediment within the
study area.
1.1.4 Millponds

Classical studies have shown that the characteristic stream form for mid-Atlantic
Piedmont streams is a meandering gravel-bedded channel bordered by a low-elevation fine-
grained flood plaifWolman and Leopold, 1957; Leopold and Wolman, 19606¢se
floodplains were formed by a combination of channel migration and overbank deposition of
silts and clays. Modern valley bottoms along Piedmont streams of the eastern U.S. are

typically comprised of fine-grained sediments that are thicker than would be expected if they



were aggraded as recent overbank flood deposits (Wolman and Leopold, 1957). This
geometry of single-channel meandering streams has been viewed as the result of self-
adjusting hydraulic variables in response to changing discharge and sediment load, with
agriculture and urbanization widely cited as the drivers of recent aggradation and degradation
(Leopold, 1973). Recent research has implicated post-colonial agricultural practices and the
construction of milldams as the reason behind rapid historic floodplain aggradation (Walter
and Merritts, 2008; Schenk and Hupp, 2009; Merritts et al., 2011). The damming of streams,
from the late 1% century through the early ®@entury was essential to trapping this

sediment in broad valley flats that correspond to reservoir surfaces (Walter and Merritts,
2008; Schenk and Hupp, 2009; Merritts et al., 2011). An 1840 census of the US
manufacturing sector recorded more than 65,000 water-powered milldams in the eastern
United States (Walter and Merritts, 2008). These water-powered milldams converted
floodplains, for which overbank deposition on average is quite slow (Wolman and Leopold,
1957), into aggradational sediment sinks (Wohl and Merritts, 2007). The subsequent
breeching or removal of milldams resulted in local base-level fall and rapid channel incision,
creating steep near-vertical banks up to 5 m high, along numerous stream reaches in the
eastern United States (Wohl and Merritts 2007; Walter and Merritts, 2008; Schenk and Hupp,
2009). The combination of abundant milldams and chains of slack-water millponds have
affected modern Piedmont streams in such a way that they exist in one of two dominant
states: perched high upon fine-grained alluvium, disconnected from groundwater baseflow, in
the case where dams are still in place; or incised deeply into the valley fill along reaches

where dam breaching has occurred (Wohl and Merritts, 2007).



1.1.5 Bank Erosion

Over the past century and a half, many historic dams were breached or removed
following mill abandonment. Breaching has led to vertical incision of streams into the often
thick accumulation of sediments impounded behind these reservoirs and to locally significant
erosion of the resulting steep stream banks (Walter and Merritts, 2008). Studies in the
Chesapeake Bay watershed have shown that rapid rates of lateral bank erosion following dam
removal or breaching, account for between 40 to 80% of the fine-grained sediment currently
flowing into the bay (Wohl and Merritts, 2007). Schenk and Hupp (2009) similarly
concluded that in the Conestoga river valley, a tributary to the Susgehanna ,which flows into
Chesapeake Bay, 63% of the this river’s annual sediment yield was due to erosion of stored
legacy sediments from banks and within the channel above former dam locations, as well as
to a downstream floodplain function (Schenk and Hupp, 2009). Similarly, Pizzuto and
O’Neal (2010) documented accelerated reach-scale bank erosion associated with breached
historic milldams along Virginia’s South River. Bank erosion rates are highly variable
through time; however, sections of stream valleys containing significant quantities of legacy
sediment tend to maintain anomalously high rates when compared to estimates of
background stream meander rates for Atlantic margin Piedmont streams. For example, rates
of linear bank erosion along the Conestoga River measured at six sites for durations ranging
between 1.5 to 105 years yielded averages between 20 to 100 cm/yr, and when converted to
sediment production rates equaled 0.7 to 1.3 metric ton/m/yr (Walter and Merritts, 2007).
The available literature collectively indicates that bank erosion along stream reaches

formerly impounded behind milldams is rapid, contributing significant quantities of sediment



to piedmont streams annually. To establish the effect that the erosion of legacy sediment has
on water quality in Umstead state Park specifically, and more generally to Crabtree Creek
and the Neuse River downstream, rates of bank erosion and the volume of eroded legacy
sediments was estimated via three techniques: (1) root dendrochronology at 5 to 10-year time
scales, (2) meander-bend planimetric surveys at monthly-to-annual scales, and (3) from total
suspended sediment loads during increases in stream discharge resulting from individual

precipitation events.
1.2 Study Site

Research was conducted in Umstead State Park (USP), Raleigh, North Carolina, along
portions of Reedy, Richland, and Sycamore creeks in the north-west portion of Wake County

(Fig. 1.1, 1.2). Before this area was declared a state park in 1943, it had been previously
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poor agricultural practices, such as one-crop production, led to depleted soil conditions and



extensive hillslope erosion, evidenced by extensive gully formation, still visible across the
park today (U.S. Dept. of Agriculture, 1935). The authors of the 1935 USDA report state that

within the Umstead area:

People are obtaining income from stripping the last vestages of timber from

the land... the area is submarginal for agricultural purposes due to the steep

and rocky slopes which have been ruined by a continual soil erosion.
In an effort to restore severely damaged agricultural lands in the area that is now Umstead
State Park, the federal government and state agencies united to buy 2000 hectares (5,000

acres) in a recreation area demonstration project (North Carolina State Parks, 2009). After
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federal purchase of the Umstead acreage, the Civilian Conservation Corps (CCC) was
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contracted to mitigate and reduce upland erosion, for example, through the construction of
small gully-crossing rock check dams. It is estimated that they built over 3,000 such dams
across the streams and incised gullies of the recreational demonstration area (North Carolina
State Parks, 2009).

Seven water-powered milldams were located along the streams in and adjacent to
what is now Umstead State Park. This study focuses upon the stream reaches adjacent to four
of these historic milldams (Table 1.1). Several milldams not listed in historic archives have
been located during the course of this research within the study area, including “Betty’s Mill”
dam located in the Reedy Creek reach. Betty’s milldam is estimated to have been built prior

to 1810 based upon construction techniques employed, and breached sometime before 1870

Table 1.1Location of milldams in W.B. Umstead State Park, along with the millpond area (acres) and construction
and breach dates.

Stream Milldam  Latitude Longitude Pond Area  Constructed Breached
(acres)
Crabtree Company 35.843534° -78.755516° 11 pre 1810  late 1930s
Rhodes  35.844519° -78.718016° 108 pre 1816 ?
Reedy Betty  35.829461° -78.753342° 6 pre 1810 early 1900
Allen 35.840112° -78.745327° 15 mid 1800 ?
Sycamore G. Lynn  35.854745° -78.742654° 11 mid 1800 ?
Richland Cook  35.834146° -78.720228° 25 1850 1910
Pat's Branch Pat's 35.875085° -78.757531° 3 mid 1800 intact

due to its lack of inclusion in the Hydrologic survey of Wake County (Bevers, 1871). Cooks
Mill was built on Richland Creek around 1865 and breached possibly in 1910 due to a large
discharge event (Bevers, 1871; R.D. Swords, personal communication). Sycamore Creek had
two known milldams impacting the reach of stream studied; they were the Hinton and G.

Lynn Mills. The Hinton milldam is named in an 1816 lawsuit and the G. Lynn mill appears
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on the Bevers 1871 map, but the dates of construction and beaching are unknown. The G.
Lynn mill was located on Sycamore Creek, while the Hinton mill was on Crabtree Creek but
the millpond impounded the lower portion of Sycamore Creek. All of the milldams in
Umstead can be found in varying stages of disrepair or are no longer existent. The research
for this project was conducted along waterways once occupied by these dams and their
ponds. Umstead State Park is an ideal location for this study since it has undergone
widespread re-forestation, which slowed modern erosion and helped preserve historic
erosional features, while adjacent lands have undergone fairly rapid suburban-to-urban
development since about 1970.

1.3 Methods

1.3.1 Geomorphic Mapping

To determine the upland sources of sediment and the distribution of legacy sediment
types deposited along alluvial valleys of USP, geomorphic mapping was conducted across
the of the portions of Reedy and Sycamore Creek watersheds located within the park
boundaries. These areas were field mapped at a scale of 1:12 000 using a hillshade digital
elevation model (DEM) base map derived from 6-m pixel resolution airborne lidar (North
Carolina Division of Emergency Management, 2006). Upland erosional source areas were
identified by the presence of gullies and erosional features, such as undulating topography,
caused by agricultural practices. The presence of sediment-control check dams, built across
ephemeral to first-order tributary drainages by the Civilian Conservation Corps, were also
mapped. The maps include the field-verified locations of known, historic milldams as well as

the possible locations of probable milldam sites (Table 1.1; Figs. 1.3, 1.4) found in the park,
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but where physical field evidence was not observed. Mapping included the demarcation of
aggraded sediment and those deposited upstream maps were digitized in ArcGIS using the 6

m lidar to create a geomorphic map.
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Fig. 1.2 Digital shaded relief map showing post-colonial anthropogenic geomorphic alterations to the portion of the
Reedy Creek watershed located inside the park boundaries. Highlighted in orange are the areas of erosion, gully incision
and sheet erosion. The millpond sediments are designated in brown, yellow denotes the location of post-settlement soils
found along the alluvial flats. The delta forming out of currently eroding sediments is shaded in green. Red lines indicate
the location of CCC check dams found in the watershed and were installed to slow down the erosion occurring in the
region due to poor agricultural practices.
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Fig. 14 Digital shaded relief map showing post-colonial anthropogenic geomorphic alterations to the portion of the
Sycamore Creek watershed located inside the park boundaries. Highlighted in orange are the areas of erosion, gully
incision and sheet erosion. The millpond sediments are designated in brown, yellow denotes the location of post-
settlement soils found along the alluvial flats. Red lines indicate the location of CCC check dams found in the watershed
and were installed to slow down the erosion occurring in the region due to poor agricultural practices.
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1.3.2 Stream Bank Stratigraphy

The stratigraphy of unconsolidated near-vertical stream bank exposures was
documented at 22 sites along Reedy, Richland, and Sycamore Creeks (Fig. 1.2). In order to
determine the extent of valley bottom sedimentation resulting from the erosion of upland
agricultural soils, stratigraphic units were differentiated in the field based upon their physical
composition and stratigraphy, including the presence or absence of discernable macroscopic
organic material (e.g., preserved leaves, seeds, and stems), evidence for deposition in either
fluvial or slack-water environments based upon the continuity of preserved bedforms (cross
bedding vs. laminar bedding), and field-observable grainsize variations (e.g. silt-sand
couplets). Four valley-bottom stratigraphic units were differentiated from bank exposures

within USP, with all four typically present in former millpond reaches (Fig. 1.5). The
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Fig. 1.t Stratigraphic analysis (picture on left) show distinct layers representing the pre-European sediments, a relic
stream bed in this instance, the pre-dam and milldam legacy sediments. The interpretation of the stratigraphy is based on
sand, silt, and clay contents of the sediment layers.
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accumulated deposits are categorized as pre-European sediment (PES), pre-dam legacy
sediment (PDLS; sediment aggradation prior to dam construction), millpond legacy sediment
(MPLS; sediment deposited in the millpond after the dam was in place), and the modern top
soil (MTS; entisol-to-inceptisol soils developed in millpond parent material that may include
thin accumulations of more recent overbank clay, silt, and sand). Along portions of stream
not impounded behind former milldams, yet where valley bottom aggradation is attributed to
erosion from upland sources (based upon mapping), stream bank sediments are classified as
either pre-European or post-settlement sediments (PSS; commensurate to pre-dam/milldam
legacy sediments). Post-settlement deposits are eroded upland soils which have been
transported and deposited along the stream channel, but were not impounded behind a
milldam. The term “legacy sediment” refers to all sediment layers attributed to the period
following European settlement of the area. The field designations were corroborated through
the use of magnetic susceptibility measurements of stream bank exposures and radiocarbon
dating.
1.3.3 Magnetic Susceptibility

Early European-American farmers employed slash-and-burn practices in order to
quickly clear the land and provide needed soil nutrients (Otto and Anderson, 1982; Helms,
2000). Measurement of stream bank magnetic susceptibfitg€¢fined as the magnetic
force in a material divided by the strength of the magnetic field inducing magnetization
(Ketterings et al., 2000), support field stratigraphic descriptions in the identification and
differentiation of pre-and-post European valley bottom deposits. Specifically, magnetic

susceptibility of fine-grained alluvial deposits is useful for the identification of sediments
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derived from soils that experienced heating due to forest burning (both human induced and
natural). Le Borgne (1955) was one of the first to suggest that the heating of the ground due
to the burning of vegetation could lead to an increase in the magnetic susceptibility of a soil,
or thermoremanent magnetization (Kvamme, 2005). Le Borgne attributed changes in the
post-fire soil magnetic properties to the reduction of iron oxides, such as hematite, to more
magnetic phases such as maghemite and/or magnetite. The hotter the fire at ground level, the
greater the potential increase in a soils magnetic susceptibility (Oldfield, 2006).

Magnetic susceptibility was used as a means for establishing which stream-bank
stratigraphic units were anthropogenically influenced. Magnetic susceptibility values were
obtained using a GF Instruments SM-20 magnetic susceptibility meter. Magnetic
susceptibility readings were performed at 21 stream bank locations along reaches of Reedy

and Sycamore Creek (Fig. 1.6,
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Fig. 1.7 Digital shaded relief map noting the location of the samples sites for the Magnetic susceptibility analysis along
Sycamore Creek.
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for the instrument. Each reported magnetic susceptibility value is the average of 3
measurements. Magnetic susceptibility values are reported in unitsvbfch is
dimensionless. Stream bank stratigraphy and bank height were also measured at each profile
location.
1.3.4 Radiocarbon Geochronology

Samples of organic material for radiocarbon dating were recovered from stream bank
exposures along Reedy, Richland, Sycamore, and Crabtree Creeks (Table 1.2). Dated
samples consisted of detrital charcoal and wood, hardwood leaves and seeds (nut) and buried
tree trunks preserved in anoxic pre-European hydric soils. With the exception of the rooted
tree stumps, bulk sediment samples (~500 g) were collected from specific stratigraphic

intervals at key localities. These sediments were wet-sieved to fine-sand sized particles, after
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which organic matter was identified via binocular microscope. Dating was performed at the
University of California Irvine and at Beta Analytic, Inc. The fraction of modern carbon in
each sample was determined by accelerator mass spectrometry. Radiocarbon ages are
reported following standard procedures (Stuiver and Polach, 1977). Radiocarbon ages were
converted to calibrated calendar years BC / AD with the CALIB Radiocarbon Calibration

online radiocarbon calculator (Stuiver et al., 2005).

Table 1.Z 15 radiocarbon ages were taken to determine how much sedimentation is anthropogenically derived. The
dates show two distinct layers, the pre-European sediments and legacy sediments which consist of post-settlement, pre-
dam and milldam sediments. The 6 samples taken from the pre-European soils represent ~4100 calendar years and
conversely the 7 legacy sediment samples only record the last 280 calendar years using the maximum and minimum
values. These radiocarbon ages verified the stratigraphic analysis performed in the field as well as the MS
measurements.

Lab ID Other ID Lat. Long. d®C + fraction + e + e age + Calibrated Ages at ¥
(N) (W) (%0) Modern (%o) (BP) (BC/AD)
Sycamore creek - Hinton Millpor
millpond legacy sediment 1680-1695; 1725-1740; 1755-1760; 1800-1815;
UCI-68067 charcoal -26.8 0.1 0.9824 0.0016 -17.6 1.6 140 15 |1835-1840; 1850-1865; 1875; 1915-1940; 1(AD)
millpond legacy sediment (base 1675-1685; 1730-1765; 1770-1775; 1800-1810;
UCI-68063 leaves & seeds -28.8 0.1 0.9807 0.0014 -19.3 1.4 155 15 |1925;194((AD}
pre-dam legacy sedimen 1670-1685; 1735-1780; 1800-1805; 1935-1940
UCI-68065 charcoal -26.1 0.1 0.9795 0.0013 -20.5 1.3 165 15 |(AD:
pre-European sedimen 1485-1521; 1575-1585; 1590-1625
UCI-68066 charcoal -27.6 0.1 0.9572 0.0013 -42.8 1.3 350 15 [(AD:
Sycamore creek - upstream of Hinton Millpo
post-settlement sediment 1705-1720; 1820-1835; 1880-1915
UCI-86060 charcoal 35.85482 78.74284 - - 0.9893 0.0018 -10.7 1.8 85 15 |(AD:
pre-European sedimen
UCI-86059 charcoal 35.85482 78.74284 - - 0.6274  0.0011 -372.6 1.1 3745 15 |2195-2165;2150-214(BC
UCI-86058 charcoal 35.85482 78.74284 - - 0.6168 0.0012 -383.2 1.2 3880 20 |2455-2420; 2405-2375; 2370-2360; 2355-2340;
2320-230((BC
Reedy Creek - Betty's Millpond
Legacy Sediments
pre-dam legacy sediments 1680-1695; 1725-1740; 1755-1760; 1800-1815;
UCI-68071 charcoal -26.2 0.1 0.9827 0.0012 -17.3 1.2 140 15 |1835-1840; 1850-1865; 1875; 1915-1940; 1(AD;
UCI-68068 charcoal -27.1 0.1 0.9745 0.0012 -255 1.2 205 15 |1665-1670; 1780-1800; 1945-19(AD;
pre-European sedimen
UCI-86062 charcoal 35.82513 78.75465 - - 0.9470 0.0016 -53.0 1.6 435 15 |1440-145((AD;
UCI-68062  buried stump in growth position -26.0 0.1 0.8556 0.0011 -144.4 1.1 1255 15 |695-700; 705-750; 765-7(AD)
UCI-68070 charcoal -26.1 0.1 0.8136 _0.0010 -186.4 1.0 1655 15 |385-420(AD;
Reedy Creek - Downstream of Betty's Millpc
pre-European sedimen
Aeon-758 charcoal 35.832678 78.747339 -25.1 0.1 0.7691 0.0017 - - 2110 20 ]175-100(BC
Richland Creek - Cook's Mill Pond
pre-European sedimen
|BETA - 2760° charcoal -245 0.1 - - - - 1630 40 |400-430(AD;
Crabtree Creek
pre-European sedimen
Aeon-759 charcoal 35.84150 78.72983 -26.2 0.1 0.7978 0.0028 — — 1815 30 ]135-200; 455-460; 480-53AD)
Notes:

Radiocarbon concentrations are given as fractions of the Modern sland”C, and conventional radiocarbon age, following the conventior
Stuiver and Polach (Radiocarbon, v. 19, p.355, 1977).

Calibrated ages determend by using the method of Reimer et al. 2009

Sample preparation backgrounds have been subtracted, based on measuremi*C-free coal (organics) and calcite (carbona

All results have been corrected for isotopic fractionation according to the conventions of Stuiver and Polach (197"30 values measured
prepared graphite using the AMS spectrometer. These can differ 3C of the original material, if fractionation ocurred during sample graphitiz:
or the AMS measurement, and are not shown.

d"3C values shown above were measured to a precision of <0.1%. relative to standards traceable to PDB, using a Thermo Finr

Plus stable isotope ratio mass spectrometer (IRMS) with Gas Bench input.

Lab Codes: UCI = University of California, Irvine Keck Carbon Cycle AMS Facility; BETA = Beta Analytic, Inc.; Aeon = Ae
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1.3.5 Root Dendrochronology

To ascertain how much horizontal bank erosion has taken place in the last 5-10 years
along a section of Reedy Creek above and below Betty’'s milldam (Fig. 1.8), erosion rates
were calculated using exposed-root dendrochronology. Specifically, when roots are exposed
due to erosion, either rapidly or through continuous denudation, they may undergo

anatomical changes at the cellular level (Gartner et al., 2001). Rapid exposure refers to the
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Fig. 1.¢ Digital shaded relief map noting the locations of the root dendrochronology sample locations, as well as, the
locations of the BEHI analysis sites and the planimetric surveys. Highlighted in brown is the area comprised of millpond
legacy sediments.
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physical amount of time it takes to uncover a root during bank failure (a few seconds to
minutes). Changes in the environment can affect tree-ring growth characteristics allowing for
the dating of these alterations to the first year of exposure (Gartner, 2007). When roots are
exposed suddenly, (i.e. rapid lateral migration of stream banks), there tends to be an increase

in the number of cells and cell-wall thickness, and a paired decrease of inner cell volume. For
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coniferous trees (e.gRinus taeda- Loblolly pine)the first year of exposure is accompanied
by a reduction in cell size and an increase in the number of cells in the root’s earlywood
(Gartner et al., 2001). Deciduous trees display a decrease in the number of cells and cell size
and an increase in fibrous material, which the tree grows in order to support the suddenly
exposed root (Hitz et al., 2008). Both tree types exhibit changes in the anatomical structure of
their roots towards those more
closely resembling the limb (trunk)
structure of the tree.
Exposed roots were
selected along a 1.25 km stretch of
Reedy Creek from sections of
millpond sediments as well as
downstream in post-settlement
sediments (Fig. 1.8). Roots were
taken from living trees that were in

a stable growing position on top of

the bank, and for which the tip of

Fig. 1.9Schematic detailing the type of root, location, and sections of
roots to sample. Tree roots for this study were preferentially selected . .
from stable living trees located adjacent to the stream. The roots the protruding root was still
sampled were situated parallel to the stream, with their tips still buried

in the soil. This arrangement assures that the root is still living and : : : :

limits the need to reconstruct the original position of the root prior to buried in the soil (Flg 1'9)' A
exposure. To minimize disturbances from tree growth samples were

collected at a minimum distance of 50 cm from the tree. Disks were cufptal of 9 mature (50 to 100+ year
from the buried (A), transitional (B), and exposed (C) sections of the

root. To determine rates of erosion the distance from the outside edge of

the exposed portion of root ( i.e. 25 cm in the drawing) to the edge of 0ld) trees were sampled. Three
the bank is measured. Measurements are taken perpendicular to the root

and equidistant from the stream surface at the point furthest from the : :

bank, since this is assumed to be the first area exposed. 2.5-cm wide discs were cut from
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Fig. 1.10Schematic detailing the location of blocks to be cut from the root disks and proper alignment of thin sections

on the slide. Blocks should be taken along 1 or 2 radii depending on the size of the root selected. Blocks were cut along
the radii and numbered sequentially from the top of the root down. These blocks were than shave with a razorblade to
clean the surface. A sledge microtome was used to prepare the thin sections which were stained using a 1% aqueous
solution of Safranin. The thin sections are than mounted to a slide, careful attention should be paid when placing the
thin sections on the slide to assure proper alignment. Rays from the root can be used to ensure that the thin sections are
placed according to their location in the root sample.

the still-buried, transitional boundary (buried-to-exposed), and exposed sections of each root
(Fig 1.9). In the Wood Anatomy Laboratory at North Carolina State University the roots
were dissected into blocks along one or two radii, depending on the size of the root. The
number of blocks is dependent upon the size of the root. A sledge microtome was used to cut
15 to 20 pum thick slices from each block. Thin sections were mounted on glass slides and
analyzed with a Nikon SMZ 800 microscope (Fig. 1.10).
1.3.6 Cut bank Planimetric Survey

Planimetric surveys were conducted along two Reedy Creek cut banks formed in
millpond legacy sediments located 50 (site 1) and 150 (site 2) m upstream from Betty’s

milldam (Fig. 1.8). Rebar monument stakes were placed approximately 4 m back from the
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cut bank edge for site 1, and 2 m for site 2 along 30 m transects for each bend. A taught line
was extended between the markers. The horizontal distance from the transect line to the cut
bank face was measured every 25 cm along the length of the transect (Fig. 1.11). The cut
bank face was presumed to be vertical; this assumption introduces potential error (perhaps +
10-25%) into the rate of bank erosion and entrained sediment volume. Repeat surveys were
recorded over 18 and 7 month intervals for Sites 1 and 2, respectively. The first survey period
at Site 1 was conducted between November 21, 2009 to December 30, 2009, upon which the

transect datum had to be reestablished

following vandalism. The second study

period for Site 1 lasted from April 1,

2010 to April 2, 2011. Site 2 was

installed on September 11, 2010 and was

resurveyed once on April 17, 2011.

1.3.7 Bank Erodibility Hazard Index

(BEHI)

A Bank Erodibility Hazard Index

Fig. 1.1 The drawing depicts a 30 m long transect (BEHI) (Rosgen, 2001) comparison was
measuring lateral bank migration along a meander bend. A

taught line is stretched along the length of bank between reb
monument stakes. Initial location of the stakes is 4 m away onducted on meander bend 1 and a

from the bank. Measurements are taken every .25 m for 30 m.
This is repeated numerous times during the survey period. section of stream reach approximately

100 m downstream of the Betty's milldam site along Reedy Creek (Fig. 1.8) in order to
compare streambank erodibility between millpond reaches and those containing only post-

settlement sediments. The BEHI is based on stream variables that include: bank height ratio
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(stream bank height/maximum bankfull depth), ratio of rooting depth/bank height, rooting
density, percent surface area of bank protected by vegetation, bank angle, and the number,
relative position, and composition of stratigraphic layers preserved in the bank. These
variables are ranked on a scale from 1-10, representing low, moderate, high, very high, and
extreme bank erodibility potential (Rosgen, 2001).

1.3.8 Total Suspended Solids/Turbidity

In order to quantify the amount and levels of total suspended solids (TSS) and turbidity being
contributed to Reedy and Richland creeks from bank erosion of legacy sediments, stream
water samples were collected using automated ISCO 3700 samplers. The samplers were
deployed along the Betty’s Mill and Cook’s Mill reaches of Reedy and Richland Creeks,
respectively (Fig. 1.12). Three ISCO samplers were installed along Reedy Creek, the
upstream most where the stream exits the main stem reservoir south of Interstate 40, an
intermediate one where the stream enters the millpond sediment field immediately
downstream (east) of Interstate 40, and a third approximately 150 m downstream from the
site of Betty’s milldam (Fig. 1.12). At the Richland Creek study site, millpond legacy
sediments extend upstream from Cook’s milldam to the base of the modern reservoir;
therefore, only two ISCO samplers were placed along the Cook’s millpond reach (Fig. 1.12).
The first Richland Creek sampler was located directly below the reservoir, and represents the
baseline water quality location. The second Richland Creek site was located on private
property immediately downstream from Cook’s milldam, where Ebeneezer Church Road
now crosses the creek (Fig. 1.12). The design was such that a baseline for TSS was

established during each precipitation event at the upstream location and TSS measurements
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were taken at the point where the stream enters the reach containing legacy sediments to
determine the amount of TSS attributed to sources other than these millpond sediments. The
downstream monitoring location was used to evaluate sediment levels after the stream has
passed though the reach containing millpond deposits.

For each collection site, 48 samples were captured over a 24 hour period at a
sampling rate of 250 ml every 30 minutes, providing twenty-four 500 ml samples per
precipitation stream discharge event (Fig. 1.13). This sampling interval was chosen in an
attempt to record the representative TSS and turbidity levels during a discharge event and to
both minimize potential pulses of sediment that if sampled could result in an overestimation
of the amount of bank erosion from the study reaches, as well as so that those same pulses
would not be missed if sampling occurred with longer time between sampling.

Sampled stream water was processed for TSS at the Geomorphology and Surface
Processes lab at North Carolina State University using a modified version of the ASTM
standard D 3977-B filtration method. Stream water samples were filtered using oven-baked

pre-weighed 47mm diameter, 0.7 um thick GF/F
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Fig. 1.1Z Digital shaded relief maps showing the location of ISCO collection sites along Reedy (A) and Richland (B)
Creek. Samples were collected every 30 minutes for 24 hours during individual precipitation events. Site 1 on both

creeks was used to establish a baseline for TSS and Turbidity. Site 2 on Reedy Creek measured TSS and Turbidity

levels along a stream reach draining areas of impervious cover (i.e. parking lots and roof tops). Site 2 on Richland Creek
and Site 3 on Reedy Creek were used to establish the TSS and Turbidity levels after the stream has passed reaches were
stream banks are comprised of pre-dam and millpond legacy sediments
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Fig. 1.1: This graph illustrates the precipitation and stage relationship during the research period. Precipitation (in
black) is recorded on an hourly basis, while stage (in blue) was sampled every 15 mins. The stars represent the
individual precipitation events sampled. The graph also shows the drought-like conditions that persisted throughout
2010
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filters, Nalgene filtration towers, and a Barnant Company vacuum pump. The volume of the
post-filtered water was recorded. Filter papers were then oven dried at 55° C for 24 hours,
following which samples were re-weighed and the TSS concentration (mg/l) was calculated
by subtracting the final from initial filter weight and dividing by the filtered water volume.
Turbidity was measured in Nephelometric Turbidity Units (NTU) in the lab on 10 ml
subsamples from each 500 ml ISCO sample via a LaMotte turbidity meter. Each reported

NTU measurement is the average of three replicates.
1.4 Results

1.4.1 Geomorphic Map

Field mapping of Umstead State Park revealed that gully incision and hillslope
erosion is extensive throughout the park. In the Reedy Creek watershed (Fig. 1.3), erosional
areas accounted for 13% (c. 260,009 af the portion of the Reedy Creek watershed within
the boundaries of the park. In 1975, Trimble derived an average upland soil loss across Wake
County of 10.2 cm resulting from post-colonial agriculture. Applying Trimble’s estimate to
the 2 knf portion mapped within the larger Reedy Creek watershed, results in a volume of
204,000 M of upland soil loss due to erosion. The volume of eroded upland soils currently
deposited along the 1.3 km alluvial valley bottom between Betty’s milldam and Reedy Creek
Lake is estimated at 204,000 + 34,000 Whis equates to 157 + 27 (20 dump truck loads)
of sediment aggradation per linear meter of valley bottom. The volume of sediment estimated
to have been trapped within the 450 m long millpond behind Betty’'s dam on Reedy Creek is
91,000 + 9,000 fiyor 202 + 20 rhper linear meter of millpond. Combining the sediment

accumulated along valley bottoms and behind milldams results in a total of 295,000 + 43,000
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m® (c. 18,000 standard dump truck loads; if parked end to end they would stretch for 190
km).

Similar results were observed for the study section of the Sycamore Creek drainage
basin located within Umstead State Park (Fig. 1.4). Geomorphic mapping confirmed that
upland erosion resulting from post-colonial agriculture account for ca. 2110@02%) of
the 5 kni of the Sycamore Creek basin located within USP. Applying Trimble’s (1975)
appraisal of 10.2 cm of vertical upland soil loss to the Sycamore Creek area results in an
estimated 510,000 hof erosion. Collectively, the two millponds located on this reach of
stream impounded approximately 500,000 + 50,090freroded sediment, while c. 613,000
+ 104,000 mof post-settlement soils aggraded along the non-millpond reaches of the
alluvial channels.

1.4.2 Stream Bank Stratigraphy

Pre-European sediments typically consist of gleyed humic or sandy layers, consistent
with what is typically identified in the field as a buried soil layer overlying coarser axial
channel gravels. At a few locations these Pre-European deposits were comprised of gleyed
sandy sediments. Pre-dam legacy sediments showed signs of weak soil development, with
little ped development, as most material is weakly-bedded to massive silty sands. Field and
geochronologic evidence indicates that the contact between the PES and PDLS deposits is
most often disconformable. Millpond sediments typically display a depositional history
congruent to that of a slack-water environment, with alternating thinly bedded parallel layers
of silty clay and fine-to-coarse sand. Millpond deposits are unconsolidated and show little

signs of soil development. Post-settlement sediments are a thick package comprised mainly
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of massive to faintly-bedded silty clay with little to weak soil development evident (Fig. 1.5).
1.4.3 Magnetic Susceptibility

Magnetic susceptibility (MS) aided in the differentiation of stratigraphic intervals
exposed along stream banks of Reedy and Sycamore creeks into pre and post-European

layers. A total of 15 stream bank sedimentary profiles were analyzed along 6.5 km of stream
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Fig. 1.14Stratigraphic analysis (picture on right) show distinct layers representing the pre-European sediments, a relic
stream bed in this instance, the pre-dam and milldam legacy sediments. The interpretation of the stratigraphy for this
stream bank is borne out in the MS plot to the left. The spike in MS is apparent in the pre-dam legacy sediment and
begins to taper off at about 150 cm above baseflow, just prior to the sediment being impounded behind the milldam.

* The bank shown here does not correspond to site 4 it is just used to demonstrate how the stratigraphic layers and MS complement one
another.

reach on Sycamore Creek (Fig. 1.7). Mean NiBv@lues observed for the pre-European
sediment, corroborated by radiocarbon dating (see next section), fall within the narrow range
of 10-20 NMean MS measurements demonstrate a consistent increase, or spike from pre-
European levels to those in the pre-dam, millpond, and post-settlement soils, with MS values

typically decreasing near the modern top solil (Fig. 1.14, 1.15). Mean MS values for the post-
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Fig. 1.1f Represented here are typical magnetic susceptibility plots and their corresponding locations along Sycamore
Creek. Pre-European soils have relatively low MS values, which increase past the unconformity separating the pre-
European sediments and legacy sediments. This increase in MS is attributed to slash-and-burn land clearing practices
used to remove unwanted vegetation for farming. The heating of the soil results in the reduction of iron oxides, such as
hematite, to the more magnetic minerals, maghemite and magnetite. Note the decrease in MS around 150 cm above the
stream surface, at baseflow, it is proposed that this denotes the time in the landscape where most land clearing had
already taken place. This corresponds to the construction of milldams along Sycamore Creek, which most likely would
not have been built until the region’s population was sufficient to economically support it.
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European sediments range between 20 to N&dth most between the 20 to &dnterval.

Six sites were analyzed for MS along a 2 km reach of Reedy Creek. Results were
similar to those obtained from Sycamore Creek bank exposures for the pre-European
sediment with mean MS values restricted to a narrow range between 10\td@0ever,
values for the pre-dam, millpond, and post-settlement sediments only demonstrated an
increase in mean MS values for three of the profiles, and the observed variability was less at
only 25 to 43N One of the six Reedy Creek sites exhibits a decrease in MS within the post-
settlement sediment layer before returning to levels equal to the pre-European sediment, two
other locations exhibit a sharp increase at the modern top soil, while the sediments beneath
remained relatively unchanged from the values obtained from the pre-European sediment
(Appendix, 1.2).

1.4.4 Radiocarbon Geochronology

Fifteen organic samples were collected and dated via AMS radiocarbon analysis in
order to bracket the depositional timing of valley bottom sedimentary units now exposed
along stream banks within the study area. Dating revealed that valley bottom sediments
belong to one of two distinct intervals (Table 1.2; Fig. 1.16) that are distinguished as either
sediment deposited prior to, or after European settlement in the region, whether that be pre-
dam, millpond, or post-settlement legacy sediments. Pre-European sediments are confined to
the lower 50 cm or less, as measured up from the base-flow stream level, at all investigated
stream bank exposures; yet these deposits account for a minimum of 4,100 (cal yr BP) of
alluvial valley bottom history within the study area. In contrast, the 1 to 3 m thick legacy

sediment deposits that disconformably bury the pre-European valley bottom sediments range
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numeric ages corroborate the designation of stratigraphic layers based upon sedimentology,
stratigraphy, and the stream bank magnetic susceptibility profile results.
1.4.5 Bank Erosion
1.4.5.1 Root Dendrochronology

Nine roots were selected from five tree species (coniferous and deciduous) along the
2 km study reach of Reedy Creek (Fig. 1.8). Tree species includagu® grandifolia
(American Beech), Quercus albgWhite Oak), 2Pinus taedgLoblolly Pine), 3Carya
glabra (Pignut Hickory), and Liriodendron tulipifera(Tulip Poplar; Table 1.3, 1.4).
Microscopic analysis was performed on 150 thins sections from the collected roots. Four of
the species exhibited changes in root structure at the anatomical level following exposure due
to bank recession. Thin section analysis showed evidence for rapid, sudden exposure of the
protruding root, evidenced by changes occurring throughout the entire growth ring of the root

at the year of exposure.
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The American Beech samples were the only ones where no cellular changes could be

discerned. Roots of the Pignut Hickory and White Oak trees showed the most promise for

Table 1. Latitudinal and longitudinal locations of root samples, their identifying designation, tree type, and the
distance of the exposed root to the stream bank.

Table 1.Z Location of anatomical changes by species for sampled roots, noting the growth ring or first exposure and
total exposure of the root and the calculated root of erosion.

determining bank erosion rates along straight reaches of Reedy Creek. The Hickory and
White Oak showed evidence of first exposure occurring in the third and fourth growth rings
from the bark, respectively (Fig. 1.17). The anatomical-level alterations of the roots of each
of these species demonstrate a transformation from a diffuse porous cell structure (typical for
a buried root) to a ring to semi-ring porous structure (similar to growth rings found in tree

stems). A notable increase in fiborous material, necessary for structural support once a root is
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Buried

Carya glabra Quercus alba
(Pig Nut Hickory) (White Oak)

Fig. 1.17 As roots become exposed due to erosion they undergo alterations in the anatomical structure. This change
results in a more limb like alignment of the vessels (for deciduous trees) along the growth ring. This is seen as a change
from a diffuse porous to ring porous structure. The number of vessels is reduced and an increase in fibrous material
occurs. The increase in fibrous material is used to support the root in the free air. The two upper pictures show a diffuse
porous configuration which can be found in the two lower pictures to the left of the black line. Everything to the right of
the line grew after the root was exposed, and exhibits a more limb like organization of the roots anatomy. The darkening
of the growth rings occurs because more of the fibrous material is present.

exposed, was present in each sample, as was a reduction in the number of vessels.

The Tulip Poplar and Loblolly Pine also exhibited anatomical changes in root cellular
structure. In regards to the Tulip Poplar, changes were observable in the last 12 growth rings;
however, diffuse porous structure is persistent throughout the thin section, while vessel size
decreases and fibrous material increases at the time of exposure. The Loblolly Pine exhibits a
decrease in lumen size and an increase in cell wall thickness upon exposure, but the number
of growth rings is non-determinable rendering it incapable of estimating erosion rates,

without the aid of additional wood anatomy-specific software.
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