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Abstract Despite continued emphasis on restoring streams to improve ecological function,
there remains a dearth of data documenting pre-restoration conditions to clearly establish a
need for restoration. Without establishing a clear, data-driven need for restoration, it is difficult
to determine which restoration measures will be most effective. The study reported here offers
a pre-project evaluation of a restoration on a headwaters stream in the Appalachian Mountains
of North Carolina, USA. The authors conducted in-depth interviews with project sponsors, and
reviewed the project environmental assessment and construction plans. Additionally, the
authors evaluated available data, including benthic macroinvertebrate assemblages, fish com-
munities, riverbed coarse particle size, and ambient water quality. Primary goals for the
restoration project include halting erosion and improving aquatic habitat. The data that were
used to justify the restoration and develop the environmental assessment and project plan,
however, present temporal and spatial issues that may preclude effective evaluation of the need
for the project and conducting valid post-project assessments. Available data reveal that current
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conditions are quite good and potentially do not warrant ecological restoration measures. Over
a longer temporal scale, this project may be limited in the ability to improve conditions or
prevent degradation because of concentrated anthropogenic activities occurring upstream
within the watershed as well as adjacent to the restored reach.

Keywords Stream restoration . River management . Benthic macroinvertebrate . Fish
community .Water quality

1 Introduction

Stream restoration projects intended to enhance water quality, improve in-stream
habitat, and stabilize eroding banks have become a multi-billion dollar a year industry
(Bernhardt et al. 2005). Despite the popularity of stream restoration, the evidence is
decidedly mixed on the effectiveness of many ecological restoration efforts. There is a
growing body of literature reporting underwhelming results for projects that have been
evaluated (Shields et al. 2003; Sudduth et al. 2007; Alexander and Allan 2007; Cabin
2007; O’Donnel and Galat 2008; Palmer et al. 2010; Bernhardt and Palmer 2011;
Violin et al. 2011; Cockerill and Anderson 2014). Hypothesized causes for the
negative results include the opportunistic nature of projects, which are frequently of
small-scale and occur where there are agreeable landowners and funding rather than
where data suggest projects would have the most beneficial impact (Bernhardt et al.
2007; Palmer and Allan 2006; Alexander and Allan 2007; Kondolf et al. 2007;
Christian-Smith and Merenlender 2010; Cockerill and Anderson 2014); and a lack
of communication between researchers and restoration practitioners (Rhoads et al.
1999; Wohl et al. 2005; Wheaton et al. 2006; Cockerill and Anderson 2014). One
result from the lack of communication between practitioners and researchers is that
historic and/or contemporary geomorphological, ecologic, and hydrologic conditions
are often not fully assessed or understood prior to restoration project implementation
and this likely contributes to project failure (Kondolf et al. 2001; Moerke and
Lamberti 2003; Niezgoda and Johnson 2005; Smith and Prestegaard 2005; Woelfle-
Erskine et al. 2012). This lack of attention to physical and biological conditions prior
to implementing a restoration project begs the question of whether restoration is really
needed and how it is determined if or how a stream would benefit from restoration.

Throughout the stream restoration literature, there are frequent references to the general
state of stream degradation in the US as motivating and/or justifying restoration. Interviews
with project managers reveal that “environmental degradation” is what motivates most
restoration efforts and water quality management is the primary goal for most projects
(Hassett et al. 2007; Bernhardt et al. 2007; Sudduth et al. 2007). What is not as clear from
the literature is precisely how environmental degradation at a specific location is determined or
documented. Project managers report that previous experience and government agency reports
or documents are the sources most commonly used to design a restoration project (Hassett
et al. 2007; Bernhardt et al. 2007; Sudduth et al. 2007). In many cases, a reference stream is
used as a guide, but assessments of this practice find it problematic and suggest it is better to
identify specific objectives for a project (Dufour and Piegay 2009; Downs et al. 2011).
Objective driven projects require collecting baseline data, which is not often done (Hassett
et al. 2007; Downs et al. 2011).



In this paper, the authors apply an interdisciplinary approach to evaluate the pre-
implementation conditions for a $2.6 million aquatic habitat restoration project at a public
greenway in Boone, North Carolina. The authors gathered data on the water quality and
biological conditions at the site to be restored, and integrated this with data from interviews
with the project sponsors and from the pre-project environmental assessment and construction
documents.

This study focused on answering the following questions:

1. What is the motivation for and the expected outcomes from this restoration and on what
are these based?

2. Do available data suggest a need for restoration?
3. How do the project sponsors plan to monitor the effects of restoration measures?

2 Background

2.1 Study Area

The restoration site is located at the outlet of the Upper South Fork New River (USFNR)
watershed, which represents the headwaters of the South Fork of the New River in Watauga
County in western North Carolina (Fig. 1). The USFNR watershed (80 km2) encompasses the
towns of Boone and Blowing Rock and is unique as it includes pristine reaches (e.g.,
supporting native brook trout populations), with three reaches currently listed as impaired,
and an expanding urban environment.

Boone is home to about 17,000 full time residents (U.S. Census Bureau 2010) and is also
home to Appalachian State University (ASU), which enrolls about 17,000 students
(Institutional Research Assessment and Planning 2013). Watauga County experienced a
twenty percent growth rate between 2000 and 2010 (U.S. Census Bureau 2010).

The Town of Boone Greenway is located in one of the few relatively flat areas within the
USFNRwatershed. The restoration site encompasses a 1137 m reach along with approximately
six hectares of floodplain. The adjacent topography largely confines the river, and the floodplain
is approximately 300 m wide in the upstream portion of the reach then narrows to about 30 m
downstream where two valley walls converge. The channel gradient has an average slope of
0.00133 m/m, and the bed material is predominately sands and gravels, with some cobbles, and
small areas of exposed bedrock (United States Army Corps of Engineers [USACE] 2009).

Four distinct habitats are found in the study area and include riverine, riparian, forestland,
and manicured urban grassland as the dominant habitat type (USACE 2009). ASU athletic
fields border the left overbank (river left – facing downstream) for the majority of the upper
reach, with forest bordering the entire left bank of the lower reach of the restoration site. A
paved trail borders the right overbank (river right) of the entire reach and is managed by the
Town of Boone. ASU athletic fields and open space are located in the middle of the site in the
area between the upper and lower reach.

2.2 Restoration Project

The restoration project partners are: the USACE; the Town of Boone, North Carolina; the New
River Conservancy (NRC); and ASU. The project is authorized by Congress under



Section 206 Water Resources Development Act, which gives USACE authority to carry out
aquatic restoration projects that will improve the quality of the environment, are in the public
interest, and are cost-effective (Water Resources Development Act 1996). A request from a
public agency or national non-profit organization initiates the Section 206 process; in the case
documented here, the Town of Boone made such a request in 1998. In response, the USACE
Huntington District conducted a feasibility study to determine whether the project was in the
federal interest and would be cost effective. This study formulated alternatives (including a no

Fig. 1 Study area. The location of the restoration project (solid rectangle) is at the outlet of the Upper South
Fork New River watershed, which represents the headwaters of the South Fork of the New River in Boone, North
Carolina. The South Fork is a tributary of the New River, and part of the Ohio River drainage basin



action alternative), evaluated the environmental effects of the alternatives, documented the
project requirements, and provided a project cost estimate.

Once authorized, USACE prepared detailed project plans, obtained necessary federal
permits and will oversee construction. Section 206 projects require cost sharing between
USACE (65 %) and the local sponsor (35 %) for implementation, and the local sponsor is
responsible for all post-implementation operation and maintenance costs (Water Resources
Development Act 1996). As the local sponsor, the Town of Boone partnered with a local land
conservation organization, The New River Conservancy, for funding acquisition. The NRC
will hold a permanent conservation easement on the riparian area after project completion.
ASU owns much of the property adjacent to the restoration project, and therefore, their
cooperation was integral to developing a project plan.

3 Methods

Interviews with project sponsors were undertaken to understand the motivations and expected
outcomes of the project, and how these aligned with available data and with the project
environmental assessment and construction plans. Ecological data were reviewed in an attempt
to identify a need for restoration. This included the data used to develop the project environ-
mental assessment as well as fish, benthic macroinvertebrate, riverbed coarse particle assess-
ments, and water quality data collected by the Appalachian Aquatic Science Research Group
(AppAqua) at Appalachian State University.

3.1 Interviews

The lead author conducted interviews with the primary project sponsors, USACE, the Town of
Boone, and NRC to understand the planning and design process and to assess how well the
project design aligned with the data used and the stated motivation for the restoration project
(interview questions in Table 1). The interview with USACE included the lead engineer, lead
planner, and the lead real estate specialist for the project. The Executive Director of NRC was
interviewed as well as the restoration project manager for the Town of Boone. Additionally, an
engineer from the ASU Office of Planning, Design, and Construction met with the lead author
and reviewed the plans for changes being made to the athletic fields adjacent to the project
area.

The interviews were all recorded and written notes were also taken. Immediately following
each interview the notes were reviewed and expanded as appropriate using the recordings to

Table 1 Questions asked during
interviews with restoration project
sponsors: the United States Army
Corps of Engineers, New River
Conservancy, and the Town of
Boone

Project sponsor interview questions

Who proposed the project?

When did planning begin?

How is the project being funded and what is the budget?

Why is the project important?

What are the objectives and expected outcomes?

What data is being used to guide planning and design?

How will success be determined?



add details or clarify points. The lead and second author independently coded the notes. The
coding matrix included four themes: project motivation, expected outcomes, data used for
planning and design, and monitoring plan for evaluating restoration efficacy. The two sets of
coded material were compared for consistency and in the few places where information had
not been coded similarly, the recordings and/or original notes were revisited and the coding
was aligned as appropriate.

3.2 Detailed Project Report and Environmental Assessment

USACE provided the Detailed Project Report and Final Environmental Assessment (hence-
forth EA), completed in 2009, as well as the December 2013 draft construction plans for the
project. These documents were examined and compared with interview results to assess how
well management objectives and expected outcomes aligned with available data and project
planning. The EA included information and data used to characterize the project site as well as
the overall plan for the restoration site.

3.3 Biological and Water Quality Data Review

The EA included summary ecological and water quality data collected by USACE and the
North Carolina Department of Environment and Natural Resources (NCDENR) from1998
through 2008. Biologic data included: electrofishing survey results from 2004 (USACE);
benthic macroinvertebrate data collected by North Carolina’s basinwide monitoring program
in 2003 and 2008 (NCDENR); and water quality data from the NCDENR ambient monitoring
system (AMS) from 1998 through 2003 (Table 2).

The data used to develop the EA were limited in both temporal range and geographic
location. The EAwas drafted in 2009, yet only reported NCDENR AMS data through 2003. In
addition, NCDENR benthic macroinvertebrate monitoring stations and AMS stations are
located outside the boundaries of the project reach.

As part of an on-going effort to study land cover and water quality relationships in the
USFNR watershed, the AppAqua research team has collected diverse data within the restora-
tion project reach (Table 2). Relevant to this study, AppAqua has electrofishing and benthic
macroinvertebrate surveys from 2013, riverbed coarse particle size data from 2013 to 2014,

Table 2 Biological, physical, and water quality data sources, collection site location, and collection period by
data type

Biological and water quality data sources

Data type Data sources Collection site Collection period

Benthic macroinvertebrate NCDENR Outside restoration reach 1993–2008

AppAqua Within restoration reach 2013

Fish community USACE Within restoration reach 2004

AppAqua Within restoration reach 2013

Water quality NCDENR Outside restoration reach 1998–2003

AppAqua Within restoration reach 2013–2014

Riverbed course particle size AppAqua Within restoration reach 2013–2014



and water quality measurements (temperature, pH, and conductivity) collected every 15 min at
the upper and lower bounds of the restoration project reach since October 2013.

3.3.1 Biological Assessment

NCDENR Index of Biological Integrity NCDENR evaluates river water quality using
biological assemblages, which includes fish and benthic macroinvertebrate communities.
Criteria have been developed for assigning a North Carolina Index of Biological Integrity
(NCIBI) rating for the three major ecoregions within the state: the mountains, piedmont, and
coastal plain. Ratings are used to assess the impacts of both point and nonpoint source
pollution.

Criteria for assigning NCIBI ratings have been developed using diversity, abundance, and
pollution sensitivity of benthic macroinvertebrates (North Carolina Department of
Environment and Natural Resources [NCDENR] 2012). One of five classifications are
assigned to each water body sampled: Excellent, Good, Good-Fair, Fair or Poor.

Two primary macroinvertebrate collection methods are used. The first is a standard
qualitative method (SQM), which can be used to assign water quality ratings to most
wadeable streams and rivers in North Carolina. The second collection method is an
abbreviated version of the regular qualitative technique that focuses on a subset of the
sensitive benthic community, and is called the Ephemeroptera, Plecoptera, and
Trichoptera method (EPT) (NCDENR 2012).

The NCIBI for the Stream Fish Community Assessment Program incorporates information
about species richness and composition, pollution indicator species, trophic composition, fish
abundance, fish condition, and reproductive function via a cumulative assessment of 12
parameters. The scores for all metrics are then summed to obtain the overall NCIBI score,
which is then used to determine the biological integrity class of the stream (i.e., Excellent,
Good, Good-Fair, Fair, or Poor) (NCDENR 2013).

Benthic Macroinvertebrate Assessment Two NCDENR benthic macroinvertebrate mon-
itoring sites (KB1 and KB12) used to develop the EA are located approximately 650 m
upstream from the restoration area on the Middle Fork and the East Fork, both tributaries of the
South Fork of the New River. The third monitoring site (KB16/K2100000), carrying the
longest data record, is located approximately 2.6 km downstream of the project area on the
South Fork New River (Fig. 2). All samples on the Middle Fork and East Fork streams were
assessed by NCDENR using the EPT method, while the South Fork site (KB16) has
historically been assessed using the full SQM (NCDENR 2012).

AppAqua researchers collected and analyzed macroinvertebrate populations within the
study area in April of 2013. The restoration reach was divided into three sections based on
the geomorphic characteristics of the channel. The two large bends in the river create a distinct
upper, middle and lower reach, which was conducive to sampling and analysis of macroin-
vertebrate populations from similar riffle habitats (Fig. 2).

The samples were collected in the riffle habitats using kick seines, rock washes and
submerged woody debris searches. Data were analyzed and assigned NCIBI ratings according
to a modified protocol of the NCDENR SQM (NCDENR 2012). This modification differs
from the SQM only in that insects were identified to family rather than genus and species, and
were assigned average sensitivity values determined from all members of the respective
families.



Fish Community Assessment USACE undertook a comprehensive electrofishing survey to
analyze fish communities within the project reach in 2004. An electric seine electrofishing unit
with 9 m wires was used to collect fish samples from four 150 m sections along the 1137 m
reach. Surveys were classified according to the North Carolina Index of Biological Integrity
(NCIBI) for mountains of the New River drainage (NCDENR 2013), and the results were then
used for developing the EA.

AppAqua researchers conducted an electrofishing survey within the project reach in March
of 2013. Three backpack electrofishing units (Smith-Root, Inc.) were used to collect fish
samples from a single pass through a 100 m reach of the middle section of the restoration area
and the fish assemblage classified as above using the NCIBI methodology.

3.3.2 AppAqua Riverbed Coarse Particle Size Assessment

Each of three reaches (upper, middle, lower) of the restoration area were assessed for riverbed
coarse particle size by AppAqua researchers using a gravelometer (Wildco) with 14 square

Fig. 2 Monitoring stations. North Carolina Department of Environment and Natural Resources benthic moni-
toring stations located upstream and downstream of the restoration reach. Station KB16 also serves as NCDENR
ambient water quality monitoring station K2100000. AppAqua benthic, sediment, and water quality sonde
locations within the restoration reach



holes of common sieve sizes (1/2-phi unit classes) ranging from 2 to 300 mm. One hundred
meter reaches of stream were divided into 10 m intervals using a tape measure. Ten particles
were collected at random in each of the 10 intervals by walking in the stream and stopping at
random to blindly pick up the particle closest to the big toe of the right foot. The data was
organized by coarse particle size frequency and cumulative frequency distributions in
Microsoft Excel 2010 using a modification of the methods recommended by Wolman
(1954). An additional measure was employed to determine the median particle class size
(D50) of the collected particles when distributions were arranged from smallest to largest. This
allowed the determination of a single size class value for spatial and temporal comparison of
particle sizes.

3.3.3 Water Quality Assessment

Data from the NCDENR AMS station located in the same geographic location as benthic
station KB16 (Fig. 2) were used to draft the EA in 2009. Dissolved oxygen, specific
conductivity, pH, total suspended solids, turbidity, and nutrient data collected via grab samples
were reported in the EA in the form of minimum, median, and maximum values from 1998
through 2003.

To further assess pre-restoration conditions of the project area, data collected by AppAqua
sondes located upstream and downstream of the project reach were included in our assessment.
Temperature, pH, and specific conductivity data were examined and summarized in the form
of minimum, median, and maximum values for October 2013 through July 2014.

4 Results

4.1 Interviews

Interviews with project sponsors revealed consistency in perceptions about the motivation,
goals, expected outcomes, and monitoring plan for the restoration project (Table 3). The
anomaly lies with ASU, which as a property owner is necessarily engaged with the project,
but has unique interests and expectations. Additionally, across all the sponsors there were some
differences in perceptions regarding if and how the project will be monitored.

4.1.1 Project Motivation and Importance

The lead engineer for the project at USACE said that when he first visited the site, he thought
that it was a “Grade A-/B+ stream in good shape,” but that ASU expansion and parking lots
were a concern. He and other USACE interviewees noted that bank erosion (slumping and
undercutting) was causing increased sedimentation throughout the reach, which was then
“killing benthic macroinvertebrates,” and the project will provide habitat improvements and
stabilize the banks. In addition, interviewees said that recreational benefits (e.g., river access
and greenway protection) are a vital part of the project.

The interview with NRC revealed that stabilizing the streambanks to stop the “unbelievable
erosion” was the main motivation for the project. By stopping the erosion, NRC representa-
tives said that they hope to reduce sedimentation and hence improve aquatic habitat. In
addition, NRC suggested that the project is important for reconnecting the floodplain and
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providing access to the river as well as increasing NRC’s visibility. The Town of Boone said
that the project is important for improving aquatic habitat, reducing turbidity, and protecting
the recreational fields. The project manager for Boone indicated that the banks are falling into
the river and that this is the primary issue that must be addressed. He said that there is a need
for more upstream projects, but that the Town is not currently planning any. The ASU engineer
said that this project was important because ASU is able to “piggyback” on the restoration
efforts to gain fill material to improve conditions on the athletic fields.

4.1.2 Expected Outcomes

The USACE engineer said that he is expecting to reduce the river’s meandering and “fix” bank
stability issues within the river reach. This stabilization is expected to improve the habitat
corridor and increase diversity while providing increased recreational opportunities and
protecting the greenway. The engineer also mentioned that trout stocking was potentially an
option but that this is a controversial topic and is not part of the restoration project.

The NRC Executive Director said that habitat improvement by reducing sediment could
“serve an economic purpose,” as the potential to stock the river with trout has been discussed
but is not being pursued at this time. Additionally, he said that NRC “is not striving for a
pristine river course,” and that a “bunch of non-ideal projects could be better than one ideal
project.” He noted that the project has the potential to enhance educational outreach in the
community and influence behavior on private property.

The project manager for the Town of Boone said that the project partners “all have the same
goals: improve habitat, lower turbidity, and protect the recreational fields.” The ASU engineer
said that the university is able to utilize the spoil from bank excavation to raise the fields.
Raising the fields approximately 15 cm is expected to help with flooding issues and generally
improve the athletic fields.

4.1.3 Data Used for Planning and Design

USACE, along with NCDENR, performed the 2004 fish survey, however, other ecological
data from other sources was simply summarized within the EA. This included macroinverte-
brate data, water quality, and wildlife documented within the area. USACE acknowledged that
it does not have good on-site geomorphic survey data within the project reach due to changing
conditions and difficulties with environmental data collection. The engineer revealed that
USACE used “assumptions of historic channel behavior” to plan the project. The engineer
also acknowledged that often engineering decisions are made “on the fly” during construction.

The NRC Executive Director said that he relies on USACE to carry out the environmental
assessment. However, he said that NRC assessed where stream banks were slumping, vege-
tation was lacking, and “where pressure points undermine the bank.” In addition, he men-
tioned various sources of biologic and water quality data, largely referencing the AppAqua
data, which was collected after the EA was completed.

The project manager for the Town of Boone said that they did not collect any data for
planning the project. He also said that USACE oversees the environmental assessment. The
project manager noted, however, that it is visually evident that the banks are “falling into the
river.”

The ASU engineer said ASU is required to complete a “no-rise model.” This model must
show that raising the recreational fields will not cause flooding to happen upstream. The



engineer noted that otherwise the ASU Office of Planning, Design and Construction was not
involved in any data collection or assessment, but offered assistance with relocating utilities in
the project area.

4.1.4 Monitoring Plan for Evaluating Restoration Efficacy

USACE made it clear that the Town will be responsible for operation and maintenance once
the project is complete. The USACE project planner said that Section 206 projects authorized
prior to 2007, which was the case of this project, are not required to have a monitoring or
evaluation plan, though establishing a monitoring plan is required for future projects. The
engineer noted that USACE will produce an operation and maintenance manual for the Town
to follow. However, USACE is not authorized to monitor anything other than vegetation
mortality for 1 year.

The project manager for the Town of Boone replied that USACE will “monitor in a limited
sense,” but otherwise NRC will monitor the restoration’s progress. NRC said that it plans to
“have monuments to note stream channel change,” but otherwise only plan to follow up with
invasive species eradication and monitoring plant mortality. NRC anticipates working with the
AppAqua research group at ASU to collect follow up biologic and water quality data. Given its
role in the project, there is no expectation that the ASU Office of Design and Construction
would or should be responsible for carrying out a formal evaluation of the project.

4.2 Detailed Project Report and Final Environmental Assessment

The project goals listed in the EA include improving aquatic and riparian habitat, reducing
bank failure and preventing greenway loss, and the expected outcome is to restore a degraded
system. As already described, the EA includes a diverse array of summarized biologic and
water quality data. The EA does note that USACE will provide an operation and maintenance
manual to the Town of Boone and will monitor the vegetation for 1 year.

Restoration is being carried out using the Rosgen classification system and Natural Channel
Design, which is typical for federal agencies (Lave 2009), yet criticized for over simplifying
fluvial systems (Kondolf 2006; Simon et al. 2007; Miller and Kochel 2010). In fact, the EA
notes that channel characterization is an inexact science at best, but the project area exhibits
various stages of channel evolution and that the incised channel is trying to stabilize itself.
However, this would require a significant amount of space and the channel is currently
encroaching on the greenway space, “presenting a future challenge for balancing channel
needs with recreational needs.”

Channel and stream bank stabilization will be attempted by installing anchored slab
bundles at the toe of unstable slopes, bank grading and vegetation, and installing
bendway weirs. Additionally, clusters of large boulders will be placed to help direct
the flow towards the center of the channel and away from the stream banks. An
overall site plan is shown in Fig. 3.

According to the EA, stabilizing stream banks is expected to “eliminate the input of failing
soils to the stream.” Slab bundles are expected to provide bank stability and improve habitat
diversity by increasing woody material in the stream and subsequently increasing macroin-
vertebrate populations. Increasing the vegetation along the stream banks is anticipated to
increase habitat diversity for birds, amphibians, reptiles, insects, and small mammals, while
providing shade for the stream, thereby lowering water temperature. Installing bendway weirs



at the two extreme curves in the river is expected to redirect the river current away from the
banks, reducing bank undercutting and subsequent bank failure.

Two existing wetlands are being expanded and graded to create permanent ponding areas
vegetated with native wetland species and connected to the channel to allow the river into the
wetlands. In addition, culverts are being realigned to collect and divert runoff from the recreational
fields and parking lots to the wetlands. These wetlands are expected tomitigate stormwater runoff to
the river, aid in flood control, reduce sediment loading, and mitigate pollution. Additionally, the
wetlands are expected to provide habitat for plants, waterfowl, and other small animals.

Significant riparian vegetation restoration and enhancement is planned. The first step is to
eradicate invasive species via spraying. Vegetation, rather than riprap to armor the banks, will
be used after grading the banks to a more gradual slope. The vegetation, once established, is
expected to anchor the stream bank, while subsequently intercepting stormwater runoff and
providing shade for the stream.

Informational signage is being placed to explain the value of maintaining healthy stream
systems. River access points and turnouts for viewing the river are expected to re-direct the
public away from informal trails along the banks. Directing foot traffic to access points is
expected to reduce erosion and decrease negative impacts to riparian vegetation.

4.3 Biological and Water Quality Review

Benthic Macroinvertebrate Assessment Table 4 summarizes the NCIBI ratings for five
sampling events in the general vicinity of the restoration site. Though not collected specifically

Fig. 3 Overall site plan for the restoration. Primary restoration measures include rehabilitation of wetland areas,
invasive species control and re-vegetation, riparian buffer extension and establishment, and bottomland hard-
wood forest re-vegetation as well as installation of bendway weirs to direct water away from river banks. Source:
USACE (2009)



to assess conditions within the project reach, USACE did use these NCDENR data to prepare
the EA and project design document.

These data suggest that macroinvertebrate conditions fluctuate, but may be trending
downward in these locations within the watershed. The Poor rating on the Middle Fork in
2003, due to a sodium hydroxide spill at the Blowing Rock drinking water treatment plant,
contributed to that stream being added to the impaired list, but it has subsequently been
removed as its 2008 rating was Good-Fair.

In April of 2013, AppAqua researchers analyzed macroinvertebrate populations using the
NCDENR SQM method. The NCIBI rating for mountain regions results in a score of
Excellent if the overall BI value is <4.05. Values well under 4.05 were found throughout the
restoration reach, resulting in BI ratings of Excellent at all three surveyed locations (Table 5).

Fish Community Assessment An electrofishing survey in 2004 was the only biological
data collected within the project reach by USACE. More than 25 species were identified,
resulting in biological index ratings between 46 and 55, and NCIBI ratings of Good-Fair to
Good (USACE 2009). Fish assemblages indicated slight issues related to presence of tolerant

Table 4 North Carolina Index of Biologic Integrity ratings for macroinvertebrate populations in the general
vicinity of the restoration area. Data collected by the North Carolina Department of Environment and Natural
Resources July 1993-August 2008. Sampling methods included the Standard Qualitative Method (SQM) and the
Ephemeroptera, Plecoptera, and Trichoptera Method (EPT). Source: USACE (2009); NCDENR (2011)

North Carolina biological index ratings for macro invertebrate communities in upper south fork watershed

Data analyzed by the biological assessment branch at NCDENR (1993–2008)

Stream segment Site ID Sample Type July-1993 Aug-1998 Aug-2003 Nov-2003 Aug-2008

South fork New River KB16 SQM Fair Good-Fair Good-Fair Fair Fair

Middle Fork South
Fork New River

KB1 EPT Excellent Good Good-Fair Poor Good-Fair

East Fork South
Fork New River

KB12 EPT Excellent Good Good Good Good

Table 5 North Carolina Index of Biologic Integrity (NCIBI) ratings for benthic communities within riffles of the
restoration reach. Data collected and analyzed by AppAqua biologists using North Carolina Department of
Environment and Natural Resources standard qualitative method as outlined by Standard Operating Procedures
for Benthic Macroinvertebrates (NCDENR 2012). Evenness and Simpson’s Index were also calculated as
independent measures of biodiversity

NCIBI ratings for macroinvertebrate communities within the restoration reach

AppAqua Macro Invertebrate Sampling 2013

Restoration reach Upstream Midstream Downstream

Total number 75 132 80

BI value 2.87 2.29 2.59

BI Rating Excellent Excellent Excellent

Average evenness 0.878 0.716 0.522

Simpson’s index/species diversity 0.867 0.843 0.896



species and herbivores, the latter indicating lack of shading from riparian forests resulting in
excessive solar input into the stream allowing for algae growth, which herbivores feed on.

The AppAqua fish community assessment from 2013 showed similar results to that of the 2004
USACE assessment. A BI value of 52.8 was assigned to the surveyed site and a NCIBI class rating
of Good was then applied to the fish index. Large stoneroller populations,Campostoma anomalum,
were seen in both the 2004 USACE survey and the 2014 AppAqua survey, and along with tolerant
species and only capturing two of the three possible darter species, kept theNCIBI fromobtaining an
Excellent rating. Table 6 summarizes the data used to make the Good rating.

AppAqua Riverbed Coarse Particle Size Assessment As illustrated in Fig. 4, the
distribution of very small size riverbed materials in the riffles of mid and downstream reaches
were 2 to 6 times greater than that of the upstream reach, while the upstream reach typically
had far more numbers of large size classes. Given that the worst of the bank erosion was found
in the downstream reach and the small tributary joined the river there, this may support the
presence of an adverse effect from bank erosion on benthic habitat in the downstream reaches
of the restoration area.

The median particle class (D50) was also greater in the upstream reach when compared to
either the mid or downstream reaches (Fig. 4). In the spring of 2013, the D50 for the upstream,
midstream and downstream reaches was 16, 8, and 11 mm, respectively. The following spring
of 2014 showed a dramatic increase in coarse particle sizes at all reaches. The D50 for the
midstream and downstream reaches was 32 mm while the upstream reach was 64 mm. The
increased particle sizes indicated massive transport of sand and small particles out of all of the
reaches revealing larger pebbles and rocks over the course of 1 year.

Water Quality Assessment Data from grab samples taken by NCDENR from 1998 to
2003 at AMS station K2100000 were used to develop the EA and are summarized in Table 7.
Specific conductivity was variable with a minimum of 20 μS/cm and maximum of 266 μS/cm.
pH stays within the normal range of 6 to 9. Turbidity measurements (Nephelometric turbidity

Table 6 North Carolina Index of
Biologic Integrity (NCIBI) rating
for fish communities sampled dur-
ing 2013 by AppAqua. The pres-
ence of a high number of omnivores
and herbivores results in a NCIBI
rating of Good for the reach

NCIBI ratings for fish communities within the restoration reach

Metric Quantity IBI Metric Score

# of species 19 1 5

# of fish (total) 387 2 5

# of darter sp. 2 3 3

# rockbass, smallmouth, trout sp. 3 4 5

# cyprinids 9 5 5

# of intolerant sp. 5 6 5

% tolerant sp. 29.2 7 1

% omni/herb 35.4 8 5

% insectivores 58.9 9 5

% multiple age groups 68.4 12 5

Total × 1.2 (corrected for
mountain stream)

52.8

Rating Good



units, NTU) were well under the North Carolina criteria level (10 NTU) for trout-designated
waters, with a very low median of 2 NTU.

In-situ measurements taken by AppAqua sondes at the upstream and downstream moni-
toring locations are summarized in Table 8. The high number of samples (n=28,129) provided
by the sondes resulted in a highly reliable and accurate database of temperature, pH, and
specific conductivity within the restoration reach.

High variability is seen with specific conductance with a minimum of 40 (upstream) to 56
(downstream) and maximums in excess of 2500 μS/cm. Median conductivity (approximately
142 μS/cm) is comparable to that seen at NCDENR station K2100000 (134 μS/cm). Extreme,
short-lived, spikes in conductivity are seen when examining the data over time, and usually
occur during winter snowstorms when de-icing salts enter the stream channel and during rain
events when stormwater runoff enters the channel (Fig. 5). Maximum temperatures occasion-
ally exceeded the standard for trout designated waters in North Carolina (by as much as
5.2 °C); however, the median temperature is well under the evaluation level of 20 °C.

5 Discussion

Returning to our initial research questions, this study identified the motivations and expected
outcomes for a scheduled restoration project, evaluated whether pre-restoration data support a
need for restoration, and identified if any post-project evaluation was planned.

Fig. 4 2013 and 2014 riverbed coarse particle size distributions. Shown above are the results of 100 riverbed
particles randomly selected from ten 10-m transects at each of the upper, mid and lower reaches. Notice that
~30 % of the particles are in the smallest class in the mid and downstream reaches. Cumulative percentages of
riverbed coarse particle size distributions are the sum of size class percentages from results from 100 riverbed
particles randomly selected from ten 10-m transects at each of the upper, mid, and lower reaches. The D50 for the
upstream, midstream and downstream reaches was 16, 8, and 11 mm, respectively, for 2013. Note that in 2014
the D50 for the upstream reach was 64 mm, while midstream and downstream reaches were 32 mm



5.1 Project Motivation and Expected Outcomes

Project sponsors along with the documents guiding project implementation, stated that the
South Fork restoration project is motivated by a perception that the river suffers from degraded
habitat and that visible erosion is causing turbidity and sedimentation problems. Once imple-
mented, the restoration is expected to improve aquatic and riparian habitat by reducing erosion
through stream bank stabilization and riparian re-vegetation.

In addition to the ecological goals, project sponsors indicated that the project had
recreation-based goals, including ensuring access to the river and protecting the greenway
and the ASU athletic fields. In the short term, reducing bank undercutting will likely reduce
property loss from the edges of the athletic fields and reduce the risk to the paved greenway
trail. Providing definitive access points to the river may reduce the number of paths created
through the riparian area to reach the water. Though an improvement to the aquatic habitat
through a reduction in sedimentation is stated as the primary motivator, protecting the
greenway facilities and athletic fields appears to also be a primary objective. If the channel
were left to stabilize on its own, these adjacent facilities would no doubt be in jeopardy.

5.2 Need for Restoration

While benthic populations in the general vicinity of the restoration site may be declining, they
still reflect overall good quality. Table 5 shows excellent benthic macroinvertebrate popula-
tions at the actual restoration site based on 2013 sampling, suggesting that habitat conditions
within the project reach are already of high quality.

Fish community assessments also show good overall biologic integrity at the restoration site
(Table 6). There is some room for improvement in species diversity, and reducing solar input
through increased canopy cover could potentially help balance the trophic-level representatives
among the fish populations; however, this could take many years to see results. Furthermore,
eradicating invasive plant species will remove much of the existing riparian buffer and will
likely result in less shade and increased temperatures until the new vegetation matures.

Overall, in-stream water quality is good (Tables 7 and 8), however, specific conductivity
can surge during winter storms at the restoration site (Fig. 5). Re-establishing wetlands may
help mitigate local stormwater runoff to the stream and provide a buffer from some localized
pollutants, but it is not likely to clean up pollutants generated from upstream areas.

While reducing turbidity and sedimentation via bank stabilization are stated as a primary
motivation for this project, Table 7 shows that turbidity levels are well under the 10 NTU

Table 7 Water quality data from the North Carolina Department of Environment and Natural Resources
Ambient Monitoring System Station K2100000 used for developing the restoration environmental assessment.
Parameters reported in the Environmental Assessment included specific conductance, pH, and turbidity. Source:
USACE (2009)

Water quality data from NCDENR AMS monitoring station K2100000 (1998–2003)

Parameter N Criteria Exceedance Level Minimum Median Maximum

Specific conductance (μS/cm) 44 n/a 20 134 266

pH 45 <6, >9 5.9 7 7.6

Turbidity (NTU) 53 >10 (Trout Designated) 1 2 22



standard for trout streams, and particle size data (Fig. 4) reveal that there has been substantial
improvement in riverbed habitat quality, possibly from the 2013 record rainfalls and increased
summer flows removing the fine particulates and sand from the reach. Interstitial spaces
between the benthic substrate particles are actually the “habitat” that house the eggs and
larvae of many aquatic animals. The small particles that enter the river from bank erosion can
cause increased coarse riverbed particle embeddedness. However, the data show that there was
a significant reduction in the amount of small particles, and therefore, an increased quality of the
benthic habitat for meiofauna such as macroinvertebrates as well as eggs and larvae of fish and
amphibians. Because we only had 2 years of data available for this analysis, and the second year
was concurrent with record setting rainfall, we cannot say conclusively what is responsible
(natural variation or the increased flows) but we can show that the benthic substrate was
improved in 2014. Because the benthic macroinvertebrates were already excellent, the im-
proved riverbed should continue to support as good or better community assemblages.

This study highlights the disparity between perceptions of visible erosion and an automatic
assumption that this equates to a sediment problem. Erosion, of course, is a normal physical

Table 8 Water quality parameters measured via In-Situ 9500 water quality monitoring sondes within the
restoration reach from October 2013 to April 2014

Water quality data from AppAqua monitoring stations (October 23, 2013-August 15, 2014)

Parameter Criteria
exceedance
level

N Minimum Median Maximum

Up
stream

Down
stream

Up
stream

Down
stream

Up
stream

Down
stream

Up
stream

Down
stream

Specific
Conductance
(μS/cm)

n/a 28129 28129 40 56 143 140 2606 2621

pH <6, >9 28129 28129 5.5 5.3 6.9 6.7 7.9 7.7

Temperature (°C) >20 °C Trout
Designated

28129 28129 0 0 10.5 10.6 23.7 25.2
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Fig. 5 Specific conductivity (μS/cm) as measured at AppAqua water quality monitoring stations. One sonde is
located at the upstream end of the project (lighter line), and another is located at the downstream end (darker
line). Significant spikes in conductivity are seen during winter storms and rain events. Typically the sondes have
similar measurements, however, during precipitation events the measurements between sondes may deviate from
each other. This indicates that runoff between the sondes could be influencing water quality in the reach



process for a river system. In fact, Florsheim et al. (2008) argue that the focus on reducing or
halting erosion is a flawed management approach and that erosion needs to be accepted as a
desirable trait for many streams. Relevant to our study, there are two facets to the erosion issue.
First, is that runoff-driven sediment is common in a steep-gradient mountain stream and on-
stream bank stabilization will not affect upstream runoff. Second, and perhaps most relevant,
available data show that no turbidity or sediment problems exist under baseflow conditions at
the study location.

Stabilizing stream banks could help reduce bank loss at the restoration site during
rain events, but it is unlikely that this will decrease turbidity during storm flow
because runoff-driven sediment transport will continue to occur from upstream
sources. As development continues upstream, runoff may overwhelm erosion-
reducing efforts. Furthermore, the restoration itself will cause a temporary absence
of mature vegetation in the riparian zone and this could lead to increased suscepti-
bility to severe bank erosion during storms.

5.3 Post-project Monitoring and Evaluation

The project sponsors do not have an official monitoring plan in place for this
restoration. The data used to justify the project and develop the environmental
assessment and project plan present temporal and spatial issues that may preclude
conducting valid post-project assessments. For example, benthic macroinvertebrate
assemblages represent highly localized conditions, and although the sampling stations
used to provide data for the EA are in the general vicinity of the site, the usefulness
of these data as habitat indicators for evaluating restoration measures is reduced by
the geographic disconnect of the sampling sites from the project reach. These data
also present a temporal disconnect as the surveys used in the EA were from 2003 and
2008 and the project did not begin until 2014.

The USACE fish survey is the only habitat data that a project sponsor collected in the actual
restoration area, and would be a good source of data to evaluate the efficacy of restoration
implementation. However, there is a temporal discrepancy between when the fish data were
collected (2004), when the EAwas completed (2009), and project implementation (2014). This
disconnect reduces the ability to properly assess the effect of restoration on the fish community
based on the data provided by the EA.

Echoing existing research showing a disconnect between those who research
restoration and those who implement restoration (Rhoads et al. 1999; Wohl et al.
2005; Wheaton et al. 2006; Cockerill and Anderson 2014), this study finds that the
data most appropriate for post-project evaluation was not collected by any of the
project sponsors, but by the AppAqua research group. The AppAqua team, however,
is not directly affiliated with the restoration project in the same way as the project
sponsors. The NRC is interested in understanding the effects of restoration measures
and hope to work with AppAqua researchers to continue to collect data within the
restoration reach. Given the lack of funding and no requirements, any continued
monitoring is only likely because AppAqua team members include this as community
based research in various courses. Assuming the data collection continues through
AppAqua, post-implementation evaluation of the restoration is definitely feasible.
Whether these results would be integrated into any future decisions on the New
River is open to debate.



6 Conclusions

Our study highlights issues relevant to data used to justify a restoration project and the need for
appropriate baseline data to determine actual conditions. Clearly the data indicated that this
reach of the New River needed very little, if any, assistance. Consistent with findings in the
literature, this project design was based on previous experience and existing agency reports
(Hassett et al. 2007; Bernhardt et al. 2007; Sudduth et al. 2007) rather than on site-specific data
gathered explicitly for the effort. This begs the question of whether other streams have likewise
been restored unnecessarily because of false assumptions and poor pre-condition data.

Collecting appropriate pre-restoration data, for example measuring the most effective
parameters at the appropriate scale of measurement, and accounting for representing multi-
scale (e.g., watershed) processes is key to accurately understanding existing problems
(Moerecki and Lamberti 2003; Smith and Prestgaar 2005; Whol et al. 2005). Ramifications
of not collecting optimal pre-restoration data can be significant and can lead to diminished
success or project failure (Kondolf et al. 2001; Moerke and Lamberti 2003; Smith and
Prestegaard 2005). The South Fork New River restoration project reflects a lack of pre-
project data collected within the actual restoration project reach, and within a relevant time
period. Although project sponsors want to improve habitat quality and perceive that sedimen-
tation is killing benthic populations, the sponsors did not collect any data within the reach that
would justify this conclusion. Additionally, the longevity of the planning and design process
from inception (1998) to actual implementation (2014) resulted in decreased baseline data
quality issues. The geographic and temporal disconnects in data used to develop the EA,
consequently, reduce the overall ability to justify restoration or evaluate the project post-
implementation.

This study highlights disconnects among perceptions of stream conditions, restoration
project goals, and data used to design and implement a restoration project. While project
sponsors do perceive that the New River restoration project is data-driven, this assessment
suggests otherwise. The visible erosion and subsequent assumptions about aquatic habitat
quality seemed to have prompted this project initially and provided impetus for the project to
continue. Based on pre-existing conditions, however, the primary outcomes from this restora-
tion project will most likely be athletic field and greenway protection as well as improved
access to the river.

Protecting the built environment and public space is a legitimate use of public funds as
public welfare is enhanced. Justifying these projects based on ecological improvement,
however, is potentially detrimental for management activities and funding acquirement for
projects that could have a positive impact on habitat quality. The potential for improving
aquatic habitat is diminished most obviously because conditions are already quite good. Over a
longer temporal scale, this project may be limited in the ability to improve conditions or
prevent degradation because of concentrated anthropogenic activities (e.g., deforestation and
increasing impervious surfaces) occurring upstream within the watershed as well as adjacent to
the restored reach. Unless measures are taken to reduce upstream impacts, this restoration
project is unlikely to have much effect on ecological conditions at this site and may not even
succeed in protecting the localized built environment.
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