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Using Rapid Bio-assessment and Habitat
Evaluation Methods to Understand the

owned River in Southwest Virginia
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Private lands comprise the majority of the land area in the United States and serve as reservoirs for biodiversity conservation. Rivers
in watersheds containing privately owned agricultural land often experience agricultural disturbances resulting in increased erosion
and siltation. It was hypothesized that stream reaches subjected to agricultural disturbance, primarily from livestock, would exhibit de-
creased habitat quality and increasingly stressed aquatic communities. This study was conducted in the North Fork of the Roanoke River
in Montgomery County, Virginia, USA. The Qualitative Habitat Evaluation Index and Use Assessment (QHEI) was applied to measure
habitat quality and the Virginia Stream Condition Index (VSCI) to assess ecological health. QHEI and VSCI scores were determined
between parcels based on different land uses. The downstream mean QHEI score was 49.7 = 3.7, compared to the upstream score 57.2 +
6.5. Conversely, the downstream VSCI score was 74.9 + 5.4, compared to the upstream score 60.8 +20.9. These score discrepancies are
likely due to concentrated livestock river access, an upstream low water crossing, degraded banks and increased siltation at the study site
which reduced macroinvertebrate abundance, especially pollution-sensitive groups. Management to reduce livestock entry and remove
low-water crossing structures may reduce sedimentation and increase VSCI recovery potential. Increasing understanding of factors
adversely affecting the ecosystems within private lands, as demonstrated by this research project, improves management efficacy and
enhances the area’s role in promoting biodiversity conservation. Future research to understand how ecological communities and habitat
quality respond to different private land uses should be conducted in southwest Virginia to further advance private land conservation.

INTRODUCTION

Approximately 60% of land in the United States is privately owned
(Platt, 2004). Private land supports roughly half of all threatened
and endangered species within the United States; however, efforts
aimed at conserving ecosystems and biodiversity typically focus
on public lands (Knight, 1999; Platt, 2004; Jenkins et al., 2015).
Consequently, private lands are critical reservoirs of biodiver-
sity and can play a significant role in species conservation efforts
(Knight, 1999). In 2015, 56 million acres of private land in the
United States were conserved through land trusts, which is twice
as much land as is currently managed by the National Park System
(Lynsen, 2016). Land trusts are nonprofit organizations that facili-
tate the preservation of environmental resources, such as wildlife
habitat, on private lands by directly owning the land or holding
conservation easements (Parker, 2004). Therefore, understanding
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land uses that adversely affect conservation on private land can
lead to improved management that promotes ecosystem and con-
servation services.

The study site is situated in the Southern Appalachians, lo-
cated in southeastern North America, spanning from West Virginia
to northern Alabama. The Southern Appalachians, cover roughly
37.4 million acres, with over 80% owned privately (Southern Ap-
palachian Vitality Index, 2016a). Approximately 22% of riparian
habitat is disturbed or degraded with 75% of disturbances related
to agricultural land use (Southern Appalachian Vitality Index,
2016b). The Southern Appalachians are a biodiversity hotspot
for aquatic species because many streams and rivers drain south-
wards, which allowed aquatic species to persist during successive
glaciations. For example, approximately 345 fish species inhabit
Southern Appalachian streams and rivers, which represent more
species than occur in all of Europe (Stein et al., 2000; Sutherland
etal., 2002). Many of the species, including threatened and endan-
gered species, require high water quality and clean substrate mak-
ing them sensitive to sediment pollution from agriculture, forestry,
urban development, and road construction (Waters, 1995; Suther-
land et al., 2002). The specific study site within the Southern Ap-
palachians is the North Fork of the Roanoke River, which transects
a largely agricultural watershed. Because the Roanoke Logperch,
a federally endangered species, has been confirmed to inhabit the
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North Fork, maintaining good water quality and habitat is a prior-
ity making it an ideal waterbody to examine how agricultural land
use can affect stream health (Rosenberger, 2007).

In watersheds where agriculture is a prominent land use, ele-
vated nutrient concentrations from runoff (e.g. Nitrogen and Phos-
phorus) contribute to reduced water quality and aquatic ecosystem
health, when compared with watersheds with little or no agricul-
tural use (Omernik, 1976; Corvallis Environmental Research Lab-
oratory, 1977; Wang et al., 1997). Sedimentation and nutrient run-
off from agriculture can shift aquatic communities from a diverse
assemblage that includes pollution-sensitive species to a homog-
enized assemblage of pollution-tolerant, generalist species (Blann
et al., 2009). Physical disruption associated with agriculture such
as river channelization, removal of riparian (bank) vegetation, and
livestock use, deteriorates river structure and function to a greater
degree than agricultural runoff alone demonstrating the need for an
evaluation that analyzes both macroinvertebrate community struc-
ture and physical habitat features (Petersen, 1992).

The study site, the North Fork of the Roanoke River, in Mont-
gomery county Virginia, is subjected to two major physical disrup-
tions: livestock access and a low water crossing for vehicles. A low
water crossing is a section of road that runs through the waterway
and acts as a bridge during low flow conditions but allows wa-
ter to pass over during higher flow rates. Direct livestock use of
waterways negatively affects water quality and quantity, channel
morphology, hydrology, riparian soils, instream and riparian veg-
etation, macroinvertebrate richness metrics, and wildlife (Kauff-
man and Krueger, 1984; Trimble and Mendel, 1995; Belsky et al.,
1999; Herbst et al., 2012). The culverts in low water vehicle cross-
ings, which are tunnels that allow water to flow underneath, often
become clogged with organic matter, interrupting water flow, dis-
rupting normal dispersal patterns of aquatic organisms, thus reduc-
ing feeding, reproductive activity, and water quality downstream
(Clarkin et al., 2006).

Macroinvertebrates (small invertebrates that live on stones,
woody debris, sediment, and aquatic vegetation at the bottom of
rivers and lakes) are widely used to provide an integrated assess-
ment of site-specific impacts and short-term habitat changes due
to their limited migration and relatively short life cycle of around
a year (Barbour et al., 1999). Petersen (1992) linked macroinver-
tebrate community functional structure and taxa richness to the
structure of the riparian plant community. Petersen’s research
demonstrates the importance of physical habitat features such as
riparian plant community structure to the greater aquatic ecosys-
tem. Although habitat features and macroinvertebrate communi-
ties relate to each other, evaluating both allows for a comprehen-
sive analysis of overall river health.

The health of riverine aquatic systems is measured using vari-
ous metrics. In the past, metrics of water quality, such as measure-
ments of toxic chemicals, biochemical oxygen demand, or nutri-
ent levels, were collected to determine ecological health (Yoder,
1991). It is now understood that simple chemical monitoring does
not provide an integrative ecological condition of aquatic com-

munities; instead physical habitat characteristics combined with
biological measures may provide a more reliable picture of how
well a habitat is supporting biodiversity. Many assessments ex-
ist for gauging the condition of an aquatic system including the
Benthic Index of Biotic Integrity (B-IBI), River Habitat Survey
(RHS), Environmental Protection Agency Rapid Bio-assessment
Protocol (EPA RBP), etc. (Raven et al., 1998; Barbour et al., 1999;
Llanso and Dauer, 2002). These assessments measure a combina-
tion of factors such as macroinvertebrate taxa richness, altitude,
slope, watershed features, riparian characterization, instream
features, water quality, sediment characterization, etc. Data on
macroinvertebrate composition acts as a proxy to monitor stress
of aquatic communities and reflects the integrative health of river
systems. Abiotic and biotic factors other than macroinvertebrate
composition indicate the quality of habitat present and are gener-
ally correlated to the habitat features that most significantly impact
aquatic communities. Biological assessments use a combination of
these factors to give a comprehensive overview and evaluation of
the river ecosystem health.

The EPA RBP of streams and wadable rivers utilizes faunal
surveys, systematic sampling techniques, and reference condi-
tions to evaluate the health of a waterbody and to establish base-
line metrics to monitor recovery and restoration (Barbour et al.,
1999). Macroinvertebrate data is collected using RBP to provide
an inclusive assessment of river condition that are compared to
empirically defined reference conditions (Barbour et al., 1999). In
this study, the Virginia Stream Condition Index (VSCI) serves as
the reference condition metric as it is specific to Virginian streams.
The VSCI was developed specifically using monitoring data col-
lected from Virginian streams to detect biological impairment. The
VSCI utilizes benthic macroinvertebrate community composition
to evaluate the ecological health of streams and rivers by deter-
mining whether aquatic communities are experiencing severe,
moderate, fair, good, or excellent conditions (Virginia Department
of Environmental Quality, 2008). After sorting, identifying and
counting macroinvertebrates following the VSCI methods, a score
is derived that is compared to VSCI reference conditions. The
MIV metrics used in VSCI provide specific measures of diversity,
composition, pollution tolerance, and overall community response
to environmental stressors (Virginia Department of Environmental
Quality, 2008). VSCI is especially useful in providing an ideal-
ized condition of non-coastal riverine systems for comparison as
no paired studies exist covering the desired watershed in Virginia.

The Ohio EPA Qualitative Habitat Evaluation Index and Use
Assessment (QHEI) is used to give a precise assessment of desired
habitat characteristics (Ohio EPA, 2006). QHEI is an index of
macro-habitat quality to evaluate the quality of habitat characteris-
tics that generally affect aquatic communities (Rankin, 1989). The
QHEI was developed for ease of application using a quantitative
scoring system that requires few additional measuring resources
while maximizing its explanatory power of how a variety of habi-
tat variables are affecting aquatic vertebrates and invertebrates
(Rankin, 1989).
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Sponseller et al. (2001) conducted a study in the Upper Roa-
noke River in southwestern Virginia to understand how land-use
affects macroinvertebrate communities in southern Appalachian
headwaters. They found that the relationship between land-cover
and macroinvertebrate communities was strongest when measured
at the 200 m sub-corridor scale. This finding suggests that local
development near streams markedly alters macroinvertebrate
community structure and supports the use of macroinvertebrates
to quantify land-use effects on the greater aquatic ecosystem. By
comparing land-use effects, the habitat quality and ecological
health can be quantitatively compared to determine how they dif-
fer between sites in response to various environmental stressors
and therefore assess the implications of such stressors for conser-
vation management.

This research contributes to biodiversity conservation on pri-
vate lands in southwest Virginia. It was hypothesized that stream
sections subjected to year-round livestock use and reduced flow
rates related to low-water crossing structures, would exhibit in-
creased bank erosion and siltation resulting in lower habitat quality
and increasingly stressed aquatic communities. To test this hypoth-
esis, macroinvertebrates were collected from the stream following
collection methods detailed by the Rapid Bioassessment Protocol,
scored the macroinvertebrates following VSCI techniques and
compared those scores to the idealized VSCI reference condition,
and evaluated habitat quality using the categories and scoring sys-
tem of the Qualitative Habitat Evaluation Index. These methods
were used to answer the following research questions: How does
land use contribute to the degradation of both habitat quality and
aquatic community health? What is the current habitat quality and
ecological health status of the river ecosystem? What management
actions may be applied by landowners to improve the riverine hab-
itat and reduce the stress experienced by the aquatic communities?

METHODS

Field Methods

Study Site
The North Fork of the Roanoke River, from its confluence with
the South Fork, drains over 300 km? and is 74% forested, 20%
agriculture, and 6% urban (EPA, 2015). The middle section of
the watershed, where the study site is located, is privately owned
land with agriculture as a predominant land use. Lands experienc-
ing agricultural disturbances are vulnerable to sedimentation and
nutrient pollution caused by runoff from agricultural row crops,
pasture, hay production, and cattle entry. The study site is located
in the Ellett Valley of Montgomery County in Southwest Virginia,
USA within the Valley and Ridge physiographic province. A phys-
iographic province is a geographic region with distinctive geomor-
phology. The property encompasses approximately 660 acres and
is divided into the 396-acre North (upstream) parcel and 264-acre
South (downstream) parcel (Figure 1). Elevation varies from ap-
proximately 450 m at the river to 845 m at the highest points on
the ridgetop.

The North Fork of the Roanoke River runs through both par-
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Figure 1. Virginia is located in eastern United States. The study site is
specifically located in the Ellett Valley of Montgomery County, Virginia,
USA. The study site is divided into the North and South parcel by the
property of an outside landowner. Parcel, in the context of this research

project, is defined as a plot of land.
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Figure 2. Sample reach distribution in the North (top map layer)
and South (bottom map layer) parcels of the North Fork Roanoke
River flowing through the study site. The North parcel is upstream of
the South parcel. The North parcel river channel is far more sinuous than
the South parcel. Sample reaches were 30 m long with 16 reaches in the
South and 11 reaches in the North parcel due to the differing lengths of
the parcels.

cels with an upstream length of 335 m and a downstream length of
488 m. The two parcels are separated by approximately 1.17 km
of stream running through privately owned agricultural land that is
typical of the North Fork watershed. Cattle grazing occurs by the
river in select areas, throughout the pastures, and into the highlands
on each parcel. Cattle are allowed year-round access to the river on
the North parcel but are excluded from accessing the river due to
bank fencing and steeper banks on the South parcel (Figure 2). The
land use of the riparian zone in the South parcel is primarily pas-
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ture with scattered trees. The relative riparian zone width measures
less than 5 m because the stream is bordered by pasture on one side
and a road on the other. The South parcel also appears to have been
channelized in the past due to its straightened morphology and de-
teriorating concrete bank structures. Conversely, the North parcel
of the river has a wider, more densely forested riparian zone, easy
and consistent livestock access, and a low water crossing located
at its downstream end, which alters flow for the entire upstream
section (Figure 2). The North and South parcels have similar cover
types with deciduous forest (> 50 years) covering most of the for-
ested portion of the property. American sycamore (Platanus occi-
dentalis) and maple (Acer spp) species dominate the riparian areas
surrounding the North Fork of the Roanoke River.

Sampling Design

The North Fork of the Roanoke River flows through two geograph-
ically separate parcels within the study area, North (upstream) and
South, (downstream) - with section lengths of 335 m and 488 m
respectively (Figure 1). These two parcels are separated by 1.17
km of river and have substantially different riparian habitat and
land use impacts.

By comparing the North and South parcel, the habitat qual-
ity and ecological health can be quantitatively compared to de-
termine how they differ between parcels in response to differing
environmental stressors and therefore assess the implications for
conservation management. In order to compare the aquatic health
of the two parcels with contrasting physical features each parcel
was divided into 30 m reaches for the collection of field data, with
16 sample reaches in the South parcel and 11 in the North parcel
for a total of twenty-seven 30 m sample reaches.

Field Survey

Physical Habitat Characterization

The physical characteristics of each sample reach were assessed
following the criteria of the Ohio EPA Qualitative Habitat Evalua-
tion Index and Use Assessment (QHEI) under the metrics of sub-
strate, instream cover, channel morphology, bank erosion and ri-
parian zone, pool/glide, riffle/run, and gradient (Ohio EPA, 2006).
A handheld GPS unit was used to navigate to a point at the center
of each of the 27 sample reaches. These central points were de-
termined beforehand using arcmap. Reaches from downstream to
upstream were evaluated to reduce sediment disturbance. Once
each category was scored, they were summed to obtain an overall
habitat score for each sample reach. Category scores were whole
numbers; however, categories that recorded scores for left and
right banks separately would be averaged together for an overall
category score that was rounded to one decimal place.

Macroinvertebrate Collection

Following EPA RBP macroinvertebrate collection techniques, 6
macroinvertebrate kick net samples were collected using a 1 m
D-frame net per sample reach (Barbour et al., 1999). Starting at a
point approximately 5 m downstream from the center, a kick net

1 m from each bank and one kick net from the center was col-
lected. This was then repeated at a point 5 m upstream of the center

point for a total of six kicks per sample reach. Macroinvertebrates
were searched for on rocks or woody debris surrounding the kick
net site by lifting up rocks and debris for approximately five min-
utes per kick net. After picking through the debris in each kick net-
ting, the macroinvertebrate sample was emptied into an 8 oz glass
jar of 95% ethanol, specifically labeled for the sample reach and
returned to the lab for identification.

Data Analysis

Physical Habitat

The sum of the habitat metric scores in the QHEI for each sample
reach were ranked on a scale of 0-100 with 0 being poor habitat
and 100 being optimal habitat. Individual scores were then ranked
as detailed by the Ohio EPA: > 70 Excellent, 55-69 Good, 43-54
Fair, 30-42 Poor, < 30 Very Poor (Ohio EPA, 2006). Mean and
standard deviation of the QHEI scores for each section were cal-
culated.

Macroinvertebrates

The macroinvertebrate samples were collected and scored using
VSCI to determine ecosystem stress levels. A total count of mac-
roinvertebrates was conducted for each sample reach. VSCI calcu-
lates total taxa, Ephemeroptera, Plecoptera, and Trichoptera (EPT)
taxa, percent Ephemeroptera, percent Plecoptera + Trichoptera less
Hydropsychidae, percent Scrapers, percent Chironomidae, percent
Top 2 Dominant, and HBI (family) using techniques as referenced
(VDEQ, 2008). Samples were combined from all four reaches to
reflect the RBP “Field sampling procedures for a single habitat,”
which suggest the sampling of a 100 m reach that represents the
characteristics of the stream being sampled. Taxa richness was de-
termined by calculating the number of species in EPT orders in
each 120 m sample. The EPT measure is sensitive to water quality
making it a good indicator of stream condition (Lenat and Bar-
bour, 1994). The numeric score of each sample reach grouping
was used to categorize the stress of the aquatic life based upon the
following scale as detailed by the Virginia Department of Environ-
mental Quality ( > 73 Excellent, 60-72 Good, 43-59 Stress, < 42
Severe Stress) (VDEQ, 2008). The mean and standard deviation of
the VSCI scores was calculated for the upstream and downstream
sections. Pollution tolerant macroinvertebrates were worth fewer
points in the VSCI scoring system and so reaches under more
stress with more generalist, pollution tolerant macroinvertebrates
received lower scores than those areas with pollution sensitive
macroinvertebrates that indicated high water quality (Table 1).

RESULTS

The longer downstream parcel had a lower mean QHEI (i.e. habi-
tat) score of 49.7 £ 3.7 compared to the upstream section, with a
mean score of 57.2 + 6.5 (Figure 3). The downstream parcel had
an average VSCI score of 74.9 £+ 5.4, which was higher than the
upstream parcel with a score of 60.8 £ 20.9 (Figure 4). Table 2
displays a summary of the QHEI and VSCI scores by sample reach
grouping. Table 1 displays the macroinvertebrates that were col-
lected in each parcel.
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Family South parcel number  North parcel number 100
Baetidae + 66 8 60.0
Caenidae + 21 9 50.0
Ephemerellidae + 18 0 -
g 400
Ephemeridae + 5 3 0
i, 300
Heptageniidae + 245 132
200
Hydroptilidae + 30 2
Leptophlebiidae + 32 24 100
Oligoneuriidae + 45 33 0.0
1-4 5-8 9-12  13-16 17-20 21-24  25-27
Perlidae + 11 7 Sample reach
. Figure 3. Habitat scores derived from a QHEI assessment of
Perlodidae + 6 0
the South parcel (downstream) and North parcel (upstream)
Psephenidae + 131 90 of the North Fork Roanoke River. The South parcel spans
' sample reaches 1-16 while the North parcel spans sample reaches
Aeshnidae 1 0 17-27. The metrics that were evaluated for QHEI are those
Coenagrionidae 2 0 Vlewed as most 1mpac.tfu1 and s.1gn1ﬁcant.t0 gquatlc Vgrtebrates
and invertebrates. A higher habitat score indicates a higher qual-
Corydalidae 68 28 ity habitat.
Dystiscidae 16 2 Average Average
Sample QHEI QHEI VSCI VSCI
Elmidae 327 143 Section  Reach Score Assessment Score Assessment
th 14 47. Fai 4 Excellent
Gomphidae 13 4 Sou 8 air 80 xcellen
Gyrinidae 1 0 South  5-8 49.9 Fair 78.4 Excellent
Hydrachnidae 1 0
i South  9-12 51.1 Fair 721 Good
Hydropsychidae 134 69
Athericidae - 55 51 South  13-16  50.0 Fair 686  Good
Ceratopogonidae - 11 0
i ; North 1720  50.0 Fair 39.6 Severe
Chironomidae - 129 168 Stress
Ephydridae - 2 0 North 2124 634 Good 735  Excellent
Sialidae - 6 3
North 2527 587 Good 69.4 Good
Tipulidae - 13 3
Total 1389 779 Table 2. Average QHEI and VSCI scores for sample reaches
in the South (downstream) and North (upstream) parcels of
Table 1. VSCI results showing macroinvertebrate families the North Fork Roanoke River. The QHEI and VSCI scores are
that are pollution sensitive (high water quality) and those compared to their respective indexes to give a category of habitat
that are pollution tolerant (low water quality) collected in quality and ecological stress being experienced by macroinver-
the downstream and upstream sections of the North Fork tebrate organisms of the sample reaches. Reaches 17-20 expe-
Roanoke River. “+” indicates that the macroinvertebrate species  rienced severe ecological stress demonstrated by VSCI scores,
was pollution sensitive. “-” indicates that the macroinvertebrate whereas the other reaches were good to excellent. All reaches
species was pollution tolerant. experienced fair to good habitat quality as indicated by the QHEI.
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90.0
80.0

70.0
60.0
500
40.0
300
200
10.0
0.0

VSCI score

9-12 13-16 17-20  21-24

Sample reach

Figure 4. VSCI scores indicative of the level of environmen-
tal stress experienced by aquatic organisms. Higher scores
indicate less stress and lower scores indicate higher stress. The
South parcel (downstream) scored higher than the North parcel
(upstream). The South parcel spans sample reaches 1-16 while
the North parcel spans sample reaches 17-27.

25.27

DISCUSSION

It was hypothesized that stream reaches subjected to consistent
livestock use and reduced flow rates related to a low-water ve-
hicle crossing would exhibit increased bank erosion and siltation
resulting in lower habitat quality and increasingly stressed aquatic
communities. The results support the original hypothesis. Factors
affecting habitat and ecological health of the North Fork Roanoke
River within the study reaches include location within a watershed
with widespread agriculture, past channelization of the downstream
section, lack of riparian vegetation in the downstream section,
livestock access to the river especially in the upstream section, and
the low-water vehicle crossing in reach 17 of the upstream section.
The river’s location in a watershed with widespread agriculture
makes it more likely to experience degraded ecosystem quality due
to runoff, increased nutrients, and alteration of channel morphol-
ogy (Omernik, 1976; Corvallis, 1977; Petersen, 1992). The entire
downstream section has been channelized in the past, as evidenced
by a lack of sinuosity and a concrete wall lining the stream, which
contributed to the section’s overall lower habitat score compared
to the upstream parcel, due to a lower channel morphology sub-
score (Figure 2). The downstream section has a very narrow ripar-
ian zone bordered by pasture on one side and a roadway on the
other. Roads near waterways produce non-point source pollution
from sediment, nutrients, and contaminants (Gjessing et al., 1984).
However, the higher VSCI scores (Figure 4) indicate a healthier
aquatic ecosystem in the downstream section despite lower habitat
scores. Fencing that restricts livestock access in this area likely
contributed to the higher VSCI scores in the downstream section.
Another factor that could explain the more diverse aquatic ecosys-
tem in the downstream section, despite lower quality habitat, is
the 1.17 km river stretch between the upstream and downstream
reaches. Through this stretch of river, the riparian zone is forested
and there is no apparent livestock entry. Thus, instream and near

stream biological processes, such as nutrient uptake, processing by
periphyton (i.e. denitrification) and organic matter retention may
reduce nutrient loading downstream (Roberts and Mulholland,
2007). Furthermore, Roley et al. (2012) demonstrated that restored
floodplains at the reach scale can reduce stream nitrate concentra-
tion through denitrification in an agricultural watershed.

In the upstream section, livestock have easier access to the
river with no exclusion fencing. The fair to good habitat scores
of the upstream section resulted from the adequate riparian veg-
etation on both banks of the river as well as no channelization as
evidenced by sinuosity and absence of channelization structures.
The only area in the upstream parcel that received a habitat score
of “fair” were reaches 17-20 (Table 2). These reaches are directly
upstream of the low-water vehicle crossing resulting in increased
sedimentation and pooling. These reaches also experience the
majority of cattle entry, which was directly observed along with
numerous heavily used, eroding trails leading into the water and
feces in the river. All of which directly and indirectly contributed
to erosion, sedimentation, and lower habitat scores. Reaches 17-20
also received the lowest VSCI score of, “severely stressed” (Table
2). Thus, the aquatic community in these reaches is stressed pos-
sibly due to the increased siltation and obstruction of dispersal due
to the clogged culverts and livestock use, resulting in fewer pollu-
tion sensitive macroinvertebrates (Clarkin et al., 2006). Ranganath
et al. (2009) conducted a study in the North Fork of the Roanoke
River to analyze livestock exclusion impact on riparian vegeta-
tion, channel morphology, and benthic communities. Reaches with
livestock exclusion were found to support improved geomorphic
and riparian vegetation conditions but did not show significant
differences in benthic macroinvertebrate assemblages from the
experimental reaches without livestock exclusion (Ranganath et
al., 2009). These findings suggest that local reach-scale livestock
exclusion positively affects some habitat characteristics related to
bank structure and channel morphology; however, larger-scale,
watershed features such as upstream riparian forest patches are
necessary to affect change in aquatic assemblages. The findings of
Ranganath et al. (2009) support the findings in the South parcel.
Although the South parcel habitat quality is reduced due to chan-
nelization and narrow riparian zone, high quality macroinverte-
brate assemblages persist possibly due to the upstream forested
riparian corridor of the 1.17 km separating the North and South
parcel.

Macroinvertebrates are valuable indicators of the stress level
that the greater aquatic communities are experiencing. Siltation is
especially problematic to pollution sensitive macroinvertebrates,
which are primarily clingers and crawlers, because the interstitial
spaces, which are the minute spaces between grains of sand or
other substrate, under rocks disappear as the rocks become embed-
ded in the sediment. Silt deposited in layers causes the tops of the
rocks to become less stable and makes the adaptations that sur-
veyed macroinvertebrate species have such as claws, suction, or
silk less effective (Braccia and Voshell, 2007). Sensitive taxa such
as Ephemeroptera, Plecoptera, and Trichoptera decrease in abun-
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dance in response to sub-optimal habitat conditions. In response
to the absence of pollution sensitive taxa, pollution tolerant taxa
like Chironomidae and burrowers increase in abundance as they
are capable of utilizing fine sediment (Braccia & Voshell, 2007).
Because the Roanoke Logperch, a federally endangered species,
has been confirmed to inhabit the North Fork, maintaining good
water quality and habitat is a priority (Rosenberger, 2007). The ad-
verse effects of local development and disturbances, as well as the
positive effects of local upstream optimal habitat characteristics,
on both ecological health and habitat quality as suggested by this
research as well as others demonstrate the need for habitat man-
agement techniques that will improve the health of aquatic eco-
systems and the likelihood of imperiled species persistence (Spon-
seller et al., 2001; Roberts and Mulholland, 2007; Roley et al.,
2012). Private landowners could contribute to improving habitat
quality through the exclusion of livestock from the waterway and
adjoining riparian zone. Cattle exclusion would result in improved
riparian vegetation growth, reduced bank erosion, and improved
substrate composition allowing for overall decreased siltation and
improved water quality (Sarr, 2002; Agourdis et al., 2005). Preven-
tion of cattle entry through the use of riverbank fencing is an effec-
tive option that results in a rapid recovery of riparian vegetation,
reduced water quality degradation at downstream sites, decreased
average stream width, decreased sediment deposition on gravel
bottoms, pool establishment, and improved water temperatures
(Van Velson, 1979; Fitch and Adams, 1998; Miller et al., 2010).
With the baseline information gained through this research, man-
agement techniques such as those previously detailed can be ap-
plied and evaluated for efficacy in the context of privately owned
agricultural lands. Systematic application of research techniques
such as VSCI and QHEI may allow for the monitoring and effec-
tive management of riverine resources within privately owned ag-
ricultural watersheds. These results suggest that restoration efforts
that exclude livestock through riverbank fencing and remove the
low water crossing from the North parcel will increase the MIV
assemblages in those few affected sample reaches to the level of
good-excellent macroinvertebrate health that surrounds the area
due to the surrounding suitable habitat indicated by QHEI scores.

The overall habitat quality on the property ranges from fair to
good on the QHEI scale and the overall macroinvertebrate health
is good to excellent on the VSCI scale with the exception of the
beginning of the upstream section which has severely stressed
aquatic communities likely from the presence of a low water ve-
hicle crossing and convenient cattle entry.

Urban and suburban development of privately held forest
and farmland, which are critical reservoirs of biodiversity, re-
sults in simplified native biodiversity and ecological relationships
(Knight, 1999). Quantitative studies assessing activities such as
agriculture (e.g. cattle grazing) in the context of private land are
lacking. Understanding the specific factors that degrade ecosys-
tems of privately owned agricultural ecosystems will help opti-
mize land management for conservation of biodiversity. Privately
owned lands span the United States and support the abundance of

threatened and endangered species, lending a major opportunity to
play significant role in biodiversity conservation. Future research
throughout the United States in areas of high private property con-
centration will help to increase understanding of factors adversely
affecting the ecosystem of private lands, improve management ef-
ficacy, and allow private lands to fulfill their potential in contribut-
ing to and advancing biodiversity conservation.
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