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Background

The Nolichucky River flows out of the Appalachian Mountains in North
Carolina and into Tennessee. The watershed is part of eastern Tennessee’s rich
history and was settled by American colonists in the 18th century (Tonn and
Cottrill 2004). The Tennessee portion of the Nolichucky watershed is home to ten
rare mussel species, seven known rare fish species, six known rare snail
species, and three known rare amphibian species (Tennessee Department of
Environment & Conservation, TDEC 2008). Of these rare, aquatic species, four
are listed as critically endangered, seven as endangered, one is considered near
threatened, and four are vulnerable according to the International Union for the
Conservation of Nature’s (IUCN) Red List of Threatened Species (2015). Many of
the aquatic animals in this watershed, such as the Sharphead Darter
(Nothonotus acuticeps), are extremely localized, with their largest populations in
the lower Nolichucky River (Etnier and Starnes 1993). This makes the
Nolichucky River a valuable study site for the effects of land use change, as a
small geographical range is the best indicator of extinction risk (Purvis et al.
2000). Itis important to study how human activity affects these sensitive
systems because watersheds in Tennessee and the southern Appalachians lack
legal protection from non-point sources of pollution (e.g., agricultural runoff) and
contain some of the highest fish and invertebrate diversity in the country (Jenkins
et al. 2015).

The Tennessee portion of the watershed is dominated by agricultural land
use. In 2008, TDEC estimated 47% of the watershed was in agricultural land use.
Greene County, which makes up the majority of the watershed, is the leading
county in Tennessee for cattle and hay production (TDA 2013). Starting around
2005, landowners in the watershed began converting pasture and hay fields to
row crops which is of concern because row crops use more pesticides and
fertilizer in their production. Without proper management, row crops may threaten
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the Nolichucky River fauna because they require high amounts of fertilizer and
pesticides during the growing season, which coincides with fish and invertebrate
reproductive periods (Baker 1985).

Fertilizer and pesticides harm aquatic fauna in several ways. Fertilizer
contains nitrogen and phosphorus which are limiting nutrients for algae and
aquatic plants. A water body that is polluted with high amounts of fertilizer
becomes eutrophic, causing the aquatic plant and algae populations to rapidly
increase in biomass. This may lead to a blanket of vegetation that as it decays
its decomposition alters habitat quality by, decreasing the level of dissolved
oxygen thus creating hypoxic conditions that suffocate aquatic fauna (Hatch et al.
2002). Pesticides can affect aquatic fauna both directly and indirectly. Direct
effects include death and illness from poisoning and, indirect effects come from
alteration of food webs (Gevao and Jones 2002). Pesticides are known to act as
endocrine disrupters in aquatic fauna interfering with an organism’s hormone
system to cause negative developmental, reproductive, immune, and
neurological effects. Chemicals from pesticides and fertilizer may also
bioaccumulate throughout the food web (Khan and Law 2005; Bortone and Davis
1994; Colborn et al. 1993). In addition to harming aquatic biota, pesticides in the
US are frequently found in streams and, to a lesser extent, in ground water of
watersheds with large amounts of agriculture and impervious surfaces. Although
individual pesticides are seldom found at levels higher than water quality
benchmarks for human health, they often occur as a mixture of multiple pesticide
compounds. This could possibly lead to underestimations of toxicity, since
assessments are often based on individual compounds (Gilliom 2007).

The Nolichucky River, like many other rivers in temperate deciduous forest
biomes, follows the pattern hypothesized by the river continuum concept (RCC,
Vannote et al. 1980) in which a river system has a continuous gradient of
physical conditions, and the biotic community that lives in this river responds in a

predictable pattern from the headwaters to the mouth. According to the RCC, a



river is categorized into three broad characteristics based on Strahler’s stream
order: headwaters (orders 1-3), medium-sized streams (orders 4-6), and large
rivers (orders >6) (Figure 1, Strahler 1957). Numbers are assigned to a stream
section based on the amount of tributaries that feed into it. Order increases
where two tributaries of the same level converge. For example, two first order
streams make a second order stream but a first order stream feeding into a third
order stream does not increase the stream order to fourth order (Strahler 1957).

In the RCC, the headwater stream communities rely on riparian vegetation
for nourishment in the form of leaf packs woody debris, and terrestrial organisms
that enter the water (called coarse particulate organic matter or CPOM).
Autotrophic respiration for aquatic plants and algae cannot produce sufficient
nutrients for headwater stream communities because of tree shade. Thus, in
small sized streams, the ratio of gross primary productivity (P) to community
respiration (R) is less than one. The fish assemblage in headwater streams has
lower species richness and is composed of cool water species (maximum July
temperature < 22° C) that are mostly invertivores as compared to downstream
assemblages. Downstream species of piscivores and invertivores make up
midsized river assemblages while in large rivers more planktivorous species are
found. The majority of the aquatic macroinvertebrates in headwaters are
shredders and collectors. The shredders feed on the microbes that colonize the
leaf packs and break the CPOM into smaller materials known as fine particulate
organic matter (FPOM). The collectors then feed on the FPOM through nets and
filters.

Moving down the continuum from headwaters to midsized streams, the
river widens and the canopy opens allowing for photosynthesis to take place
increasing the P/R to above one. The lack of CPOM coupled with the growth of
periphyton and vascular hydrophytes on the river bottom leads to a change in the
community’s composition. Shredders decrease while grazers and collectors

increase. Larger bodied fish appear and biodiversity increases.
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Figure 1. Visual representation of the river continuum concept that is used
to characterize the structure of the Nolichucky river watershed, the study
site for this research. Circles are functional groups of benthic
macroinvertebrate communities from headwaters to the mouth of ariver.
Coarse particulate organic matter (CPOM) enter the river from the riparian
vegetation and are ground into fine particulate organic matter (FPOM). The
ratio of primary productivity (P) to respiration (R) changes along the stream
due to the amount of sunlight availability. This figure is from Vannote et al.
(1980)



As stream size continues to increase in order, the river deepens and light
can no longer penetrate the bottom of the river. Phytoplankton and zooplankton
become the primary producers in the river, and P/R returns to less than one
because of the large amount of fine particulate organic matter (FPOM) from all
the upstream branches. Biodiversity decreases, shredders and grazers
disappear from the habitat, and only collectors and predators remain. Smaller-
bodied riffle habitat fishes disappear as well, while large-body fish remain.

The primary hypothesis of this research is the hydrological and
biogeochemical linkages between terrestrial and aquatic ecosystems where river
waters are dependent on the amount of riparian forest along the banks as a
source of energy for aquatic inhabitants, bank protection from erosion, and as a
filter of polluted runoff. Disturbances such as agricultural land use activities,
particularly in this instance: row cropping, lead to clearance of riparian vegetation
and thus reduction of the riparian buffer. Polluted runoff partnered with a lack of a
riparian buffer can decrease water quality and change the instream habitat so
that sensitive species can no longer survive (Bollmohr and Schulz 2009; Valle et
al. 2013). In terms of patch dynamics, patchiness is caused by disturbance
(White 2013). For example, in an undisturbed riparian area, patches of forest are
few in number but are large due contiguity and lack of fragmentation. When
human disturbance occurs the patches of forest increase but their patch size
decreases. This increasing patchiness of riparian areas may indicate increased
runoff from disturbance.

Due to the nested nature of watersheds the stream systems can be
classified as a hierarchy, where large spatiotemporal scales determine the
physical attributes and thus the ecological community at smaller scales (Frissell
et al. 1986). Attributes at large spatiotemporal scales are regional characteristics
of the watershed such as geological history, climate, geomorphology, soils, and
vegetation. Furthermore, watershed land cover and land use change can have

top-down hierarchical constraints to microhabitat in stream reaches. Attributes of
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microhabitats, the smallest spatial scale, have the most direct influence on the
daily survival, growth, and reproduction of fish and benthic invertebrates such as
the substrate composition, flow, and water temperature.

Maintaining the riparian forest that acts as a buffer along rivers is also
beneficial because buffers trap suspended particulates, phosphorus, and nitrate
(Correll 2005). When buffers are removed or reduced the community structure of
fish and insects become less healthy (Kiffney et al. 2003; Stauffer et al. 2000). If
pesticides are applied aerially to crops, following a heavy precipitation event,
surface runoff from the field will carry pollutants to the river, which can then
cause acute mortalities in fish and invertebrates. For example, in the Nolichucky
watershed, runoff from row crop farming has already been connected to a large
fish kill in Washington County as a result of storm-induced inputs of pesticides

applied to tomato fields (Jackson 2012).

Practices of Row Cropping

The methods used in row crop agriculture that affect aquatic communities
include the type of tillage used, fertilizer and pesticide application, and best
management practices to store or slow down polluted runoff. Conventional
tillage is where the top foot of soil is flipped over by a plow before planting and is
usually a practice for controlling weeds. Conservation tillage involves minimal to
no disturbance of the top layer of soil before planting (Phillips 1984).
Conservation tillage practices are known to reduce erosion and polluted runoff
from row cropping fields (Fawcett et al. 1999). In Tennessee for the row crops
soybeans, corn, cotton, and winter wheat, farmers used no-till methods on 70.7%
of the acreage devoted to these crops (U.S. Department of Agriculture, USDA

2014). However, conservation tillage is not recommended for commercial tomato



production in Tennessee, although there has been some success with minimal
tillage methods later in the growing (Rutledge et al. 1999).

Three common fertilizer application methods include the broadcast
method that spreads fertilizer over the surface of a field; subsurface banding that
injects fertilizer into the soil using knives; and through the irrigation system
(Western Plant Health Association 2002). Broadcast fertilizing has a higher
impact on neighboring water bodies because fertilizer left on the surface is more
susceptible to transport by runoff (Pote et al. 2009; Shah et al. 2004; Timmons et
al. 1973). These methods are dependent on the equipment, time, and money a
farmer has and all three methods are used in tomato farming. Pesticides and
herbicides are sprayed on crops during the growing season and in no-till
practices on weeds before planting (Rutledge et al. 1999).

The Index of Biological Integrity (IBI)

Alteration of the natural landscape by human activity is associated with
negative impacts to neighboring stream biota because of increased loading of
sediments and pollutants (Karr and Schlosser 1978). Agriculture in general is
harmful to fish and macroinvertebrate diversity because it degrades water quality,
decreases instream and riparian habitat quality, and changes the river’s natural
flow (Allan 2004). One of the best predictors of biotic integrity (i.e., the condition
of the biological community at a site relative to the expected least-disturbed
state) is the percentage of agricultural land use in a catchment (Roth et al. 1996).
Depressed levels of fish diversity are associated with increased agriculture
(Gerwin and Lawrence 2013; Saalfeld et al. 2012). For benthic
macroinvertebrates at the national and regional scale in the US, richness of
Ephemeroptera, Plecoptera, and Trichoptera (EPT) were found to be negatively

correlated with intensity of agriculture (Waite 2013). Smaller scale projects within
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or among a few watersheds found that human disturbance such as row cropping
was positively associated with more tolerant taxa, such as Oligochaeta and
Chironomidae (Johnson et al. 2013; Lenat and Crawford 1993) and negatively
associated with more pollution-sensitive taxa, such as species within the orders
Trichoptera and Ephemeroptera (Genito et al. 2011). In addition to impacts
caused by runoff, destruction of riparian vegetation removes input of carbon from
dead leaves and terrestrial insects, thus limiting the amount of food available for
stream biota throughout the continuum. Without this organic input, fish diversity
and body size tends to decrease (Kawaguchi 2003).

With limited energy resources and low water quality, sensitive species
adapted to a narrow range of environmental conditions, known as specialists,
tend to disappear. Meanwhile, the species able to survive or even thrive in a wide
range of habitats, the generalists, remain. The Index of Biological Integrity (IBl,
Karr et al. 1986) was created to quantify these changes in a stream'’s biological
community that occur as pollution increases in severity. It is a biologically-based
tool to measure stream quality where previously only numerical concentrations or
loads of point-source chemical inputs (e.g., nutrients, heavy metals) were
measured. Monitoring numerical concentrations or loads alone is not effective for
assessing biotic integrity of a waterway because it is not a direct measure of a
biological or ecological condition (Herricks and Schaeffer 1985). These chemical
measurements cannot convey habitat factors, such as the sinuosity and amount
of aquatic vegetation, or community factors, such as fragmentation. However, the
IBI is able to because it quantifies the community structure of a site at a specific
point in time (Karr et al. 1986).

The fish IBI is a composite additive index of twelve metrics that have been
developed and tested that reflect three different components of an aquatic
ecosystem: (1) species composition, (2) trophic composition, and (3) abundance
and health (Karr 1981). A score is given to each of these twelve metrics based

on how much the site differs from the reference conditions of an undisturbed site
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in the same area and the twelve scores are totaled for a site. The lower the
score, the greater the diversion from an undisturbed or least-disturbed condition
(Karr et al. 1986). Although Karr et al. (1986) developed the IBI using fish, similar
IBI methods have been successfully developed using other taxa including benthic
macroinvertebrates, diatoms, periphyton, and amphibians (Rosenberg and Resh
1993; Stevenson and Yangdong 1999; Hill et al. 2000; Micacchion 2002).

Benthic macroinvertebrate assemblages are also used to develop IBls for
assessing water quality. They display traits along the continuum between
generalist and specialist, and taxa exhibit a range of tolerances to pollution
especially in the riffle habitat (Roy et al. 2003; Johnson et al. 1993). Benthic
macroinvertebrates are advantageous for IBI development because they are
easy to collect, are found everywhere, and, due to their mostly sedentary life, can
be easily connected to disturbances to their habitat (Rosenberg and Resh 1993).

Species diversity and IBI scores have been linked to land use
disturbances that change land cover and have a considerable impact on stream
water quality (Osborne and Wiley 1988). Steedman (1988) found that the
percentage of forest in a basin or riparian corridor to be positively correlated with
IBI scores, and the percentage of urbanization in a basin to be negatively
correlated with IBI scores. The IBI scores in agricultural watersheds were found
to be lower if there was less riparian vegetation and the nearby soils were at risk
for erosion (Stauffer et al. 2000). Macroinvertebrate assemblages reacted
negatively to removal of forested vegetation within hundreds of meters from the
stream bank (Sponseller et al. 2001; Valle et al. 2013).

Management Implications

Enacted in 1972, the Clean Water Act (CWA) is the primary law regulating

the United States’ surface waters using water quality standards and technology-
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based effluent limitations as protection from pollution. The CWA gives the
Environmental Protection Agency (EPA) the power to require permits for point-
source discharges of water from businesses with a limit to the amount of
pollutants called maximum daily loads (Copeland 2008). Point-source pollution
according to the CWA is “waste discharged from discrete sources such as pipes
and outfalls.” Pollution not discharged from a discrete source is nonpoint-source
pollution. This is where precipitation moving over and through the landscape
carries pollutants to water bodies.

In 1987, to address nonpoint sources of pollution, Congress amended the
CWA by the addition of section 319. Section 319 allows for the EPA to distribute
annual grants to states that actively develop and enact nonpoint source
management programs (GAO 2012). In addition, there is regulation of nonpoint
pollution from urban areas where cities have to use best management practices
for storm water runoff and construction. However, there are no permit
requirements for agricultural, nonpoint sources. The Tennessee Department of
Agriculture’s (TDA) (2015) nonpoint source program (TDA-NPS) is non-
regulatory and strives to promote voluntary participation by landowners through
grants.

The majority of the funding goes to projects that implement best
management practices with a goal of prevention or removal of water bodies from
the 303(d) list of the CWA. This portion of the act requires states to report to the
EPA all impaired and threatened waters. Where impaired waters are defined as
water bodies that are too degraded to meet water quality standards (EPA 2012).
Other funding goes to monitoring and educational and outreach projects (TDA
2015). Some 672 stream miles in the Nolichucky River watershed are on the
303(d) either due to cattle farming or crop production (TDEC 2014). Relating
index of biotic integrity (IBI) values to row crop farming intensity in the Nolichucky
River watershed would highlight to areas in the watershed in need of

management. If farmers in the watershed are more knowledge about how
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agricultural land use affects aguatic communities, there might be more interest in
preventative methods such pollution such as installing retention ponds between
the farm and the waterbody, or installing pipes to channel the runoff from their
fields and not in a direct path to the river.

The findings from this research could be useful to nonprofits such as the
Middle Nolichucky Watershed Alliance which has already developed several
watershed work plans for managing water quality in the Nolichucky. Fish and
benthic macroinvertebrate IBI data as well as land cover data for the watershed
can help in their outreach projects such as educating farmers about the value of
riparian buffers and vegetated ditches. Regulatory agencies (e.g., TDEC or TDA)
could use these results to help manage watersheds with incentives to farmers
such that water quality and biotic integrity can be maintained. Riparian buffer
establishment is known to lessen the impact of land cover disturbance on aquatic
communities and stream quality (Teels et al. 2006). Also, vegetated agricultural
ditches have been shown to decrease the toxicity of water passing through them
from tomato and alfalfa fields (Werner et al. 2010). Consequently, the goal of this
research is to determine if the intensity of land use/land cover change (LULCC),
particularly row crop agriculture, is connected to structural shifts in aquatic biotic

assemblages draining the Nolichucky River watershed in east Tennessee.

Hypotheses & Objectives

For my study, the main research hypothesis is that an increase in the
number and area LULC classes, particularly row crop fields, will be associated
with a decrease in stream biotic integrity. Given that the percent cover or area of
LULC can be used as a proxy for pesticide and fertilizer runoff and interflow
impacts to aquatic ecosystems (Figure 2), | predict that metrics used to quantify

biotic integrity will have a negative association with increasing LULC in the
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Figure 2. The primary hypothesis of this study is presented in the above
conceptual model to justify how LULC, particularly riparian row cropping
can be used as a proxy for herbicide, fertilizer, and pesticide impacts on
aquatic communities. White arrows indicate how pollutants make their way
to streams and affect aquatic biodiversity. Dotted line arrow indicates the
hypothesis tested: if there are high amount of active row crops, then it will
be associated with low IBI metrics.
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Figure 2 Continued.
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Nolichucky watershed. In order to test this hypothesis, the objectives of this study

are to:

1) Use the IBI method to quantify biodiversity and functional traits of
fish and benthic macroinvertebrate assemblages in stream

segments draining the Nolichucky River watershed in 2014 and

2015;

2) Use remote sensing technology to map LULC, particularly row
crops and the riparian buffer vegetation land cover in the

Nolichucky River watershed from 1999 to 2014 and quantify the
number, density, percent cover, and area of contributing LULC in
each subwatershed within the main watershed;

3) Estimate sediment, nitrogen, and phosphorus loads for each sub
watershed in 2014 using the Soil and Water Assessment Tool
(SWAT, Texas A&M University) in ArcGIS 10.2 (ESRI, Redlands,

CA).

4) Use multivariate statistical models such as principal components (PCA)
and the canonical correspondence analyses (CCA) to determine the
associations between the number, density, percent cover, and area of
LULC, SWAT model estimates of the amount of pollutants, and the IBI

values of the fish and benthic macroinvertebrates in 2014.

15



CHAPTER Il
LAND USE AND COVER IN THE NOLICHUCKY WATERSHED
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Abstract

A time series (1999 to 2014) of publicly available Landsat satellite data
was used to map the spatial distribution of and quantify the percent cover (and
area) of row crops. The goal was to detect if row crop agriculture in the
watershed was increasing over time, and to detect at what spatial scale would be
most appropriate for managing land use/land cover (LULC) disturbance. A
maximum likelihood supervised classification method was performed to identify
impervious, forest, row crop, and open space land cover types. Because all the
LULC classes except for forest had low classification accuracy (<50%), an
additional step of masking with ancillary data and the image segmentation of
normalized difference vegetation index (NDVI) density slice classes for each
LULC type was implemented to create the maps. Percentage cover of land use
classes were measured at local, reach, and catchment scales for fish and benthic
macroinvertebrate sample sites. The LULC measurements as well as water
quality and elevation data were combined into one dataset and a principal
component analysis (PCA) was performed. The PCA was used to determine the
spatial scale that contained the greatest amount of variation. Row crop area in
the watershed was found to have increased since 1999, but it was still a small
portion of the overall land use. Most of the row crops for the sample sites were
located near the river channel at the reach scale which was measured as a 125-
m buffer that was 1500-m long with 1000-m of this buffer length being upstream

of the sample site and being 500-m downstream of the sample site.
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Methods

Study Area

The Nolichucky River watershed straddles the border of Tennessee (TN)
and North Carolina (NC, Figure 3). It drains the Blue Ridge Mountains and is a
tributary to the French Broad River. The IBI data used in this study came from
the TN side of the watershed, in which there is a total of 3,803 stream kilometers
(TDEC 2008). The watershed is located in the Eastern Temperate Forest
ecoregion an Environmental Protection Agency level | ecoregion (Omernik 1987).
It is composed of two level Ill ecoregions: the Blue Ridge Mountains to the east
and the Ridge and Valley to the west (Commission for Environmental
Cooperation, CEC 1997). The Blue Ridge Mountain landscape is mostly
comprised of an oak-pine forest with a small amount of agriculture consisting of
apple orchards and fields of tobacco and pasture. The Ridge and Valley
ecoregion historically was covered with oak-pine forests that were interspersed
with grassland barrens. Presently, half of the TN portion of the watershed is
estimated to be under agriculture, mostly cattle pasture and hay production
(TDEC 2008). The Ridge and Valley portion of the watershed is mainly underlain
by highly soluble carbonate parent rock that can make the water slightly alkaline
(Lloyd and Lyke 1995). The watershed is comprised of brown loamy soils and
red clay soils. In the Blue Ridge Mountain ecoregion mean annual precipitation
ranges from 1,020 to 1,270 mm with about 20 percent being snow fall. Mean
annual temperature is from 10 to 16 °C. In the Ridge and Valley ecoregion mean
annual precipitation ranges from 900 to 1,400 mm annually, and the mean
annual temperature is from 13 to 16 °C (McNab 1996).
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Figure 3 The location of the Nolichucky River watershed and the study sites in
the Tennessee portion of the watershed within the south eastern USA. Sites

were located along the main stem and several tributaries in the Tennessee
portion of the watershed.
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Site Selection

Sample sites were selected semi-qualitatively based on observation and
ease of access. Observations of the relative amount of row crops near the
stream channel were made by traveling throughout the watershed to choose
sites that were subjectively categorized into three classes: (1) least-impacted
(minimal land use within 30 m of the stream bank for 2 km upstream of the site
and clear water), (2) moderately-impacted (some amount of land use within 30 m
of the stream bank but still a forested riparian buffer and moderately clear water),
and (3) most-impacted by land use (land use occurred up to the stream bank,
water very turbid from suspended sediments, greater than 50% land use within 2
km upstream of site). All sites had to be easy to access to avoid trespassing.

Selection of sites were biased due to ease of access and by the observer
presuming land use impacts to stream biota. Natural variation in stream biotic
assemblages were accounted for by measuring elevation and by categorizing
sites as tributary (low order creeks that drained into the Nolichucky main stem)
and main stem Nolichucky sites. It is important to remove or account for effects
of natural geomorphic variation of sites because fish and invertebrate
assemblages are different with respect to changes in water temperature (e.g.,
higher elevation, shaded canopy sites), discharge (e.g., lower in tributary sites),
and substrate size (e.g., larger substrates in tributaries) (Grubaugh et al. 1996).
In terms of the first law of geography, all sample sites are in the same watershed
and thus have common similarities, but those that are closer together are more
similar (Tobler 1970). In this study the field data collected at these sites were
fish species counts, samples of benthic macroinvertebrates, and water quality
data. Before sampling for fish and benthic macroinvertebrates, water quality data
was collected once and elevation was recorded as well (Table 1 and Appendix
A).
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Table 1 The water quality and elevation variables that were collected for
each sample site in the Nolichucky River watershed.

Environmental Variable | Symbol Units

Temperature TEMP Degrees Celsius
Dissolved Oxygen DO Parts per Million

Specific Conductivity SPCOND microSiemens/centimeter
Alkalinity/Acidity PH --

Total Dissolved Solids TDS Parts per Million
Elevation ELEV Feet

Spatial Data Acquisition

Landsat 5 Thematic Mapper (TM) and Landsat 8 Operational Land Imager
(OLI) satellite data at path 18, row 35 with minimal cloud cover were acquired for
the years 1999, 2004, 2007, 2010, and 2014 to produce five land use/land cover
(LULC) thematic maps between the months of August to October (i.e., the visible
growing season). Land cover is the ecological state and physical appearance of
the land surface, e.g., grassland, savanna, or shrubland (Dale et al. 2000).
Change in land cover converts land of one type of cover to another (Dale et al.
2000). Land use refers to the purpose to which land is put by humans (e.g.,
protected areas, forestry for timber products, plantations, row-crop agriculture,
pastures, or urban areas) (Turner and Meyer 1994). Change in land use may or
may not cause a significant change in land cover. For example, change from
selectively harvested forest to protected forest will not cause much discernible
cover change in the short term, but cultivated land will cause a large change in
cover. Since the usage of land is not easily discernable from satellite images,
the broad term LULC is utilized in this study.

Satellite images were preprocessed using the software ENVI version 4.8

(Exelis Visual Information Solutions 2010). Radiometric correction was
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performed to produce reflectance values, and atmospheric correction was
completed with a dark body subtraction (Ex. Level Il Normalized Difference
Vegetation Index (NDVI, Rouse et al. 1977) scenes that were derived from
Landsat surface reflectance images were acquired from the USGS’s Earth
Resources Observation and Science Center (EROS) to aid the classification and
differentiation between row crops and open spaces. Aerial photographs that
were coincident with the satellite data were acquired to provide training areas for
supervised classifications and ground truth sample sites for accuracy
assessments of the resulting thematic maps.

To help separate row crops from open spaces, a mask was created for the
NDVI time series using the 2001, 2006, and 2011 National Land Cover Dataset’s
(NLCD) impervious surface layers, the National Hydrography Dataset’s (NHD)
vector data of open water, and the forested land cover identified in the
supervised classification. They were applied to the satellite images with the
closest corresponding acquisition year. After the land cover maps were
produced, the NHD flow lines were used to create 100-m and 125-m buffers
around streams for measuring land cover percentage at the catchment and reach
scale. Lastly, the data used to run the SWAT model were a 30-m digital
elevation model (DEM) from USGS and a raster grid of the soil types in the
watershed. All the spatial data and their uses are summarized in Table 2.

Land Cover/Land Use Classification

A maximum likelihood supervised classification approach in combination
with a normalized difference vegetation index calibrated density slice (NDVI,
Rouse et al. 1974, Tucker 1979) was used to produce row crop and non-row crop

LULC maps from the processed Landsat time series (Figure 4). The maximum
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Table 2 Spatial data used to create a thematic map of land use/land cover (LULC) in the Nolichucky river
watershed. Data was used in the two-part classification using first a supervised classification using the
maximum likelihood algorithm to produce a layer of forest cover for masking the density slicing of the
normalized difference vegetation index (NDVI). Additional abbreviations are as follows *OLI/TIRS,
Operational Land Imager/Thermal Infrared Sensor, *ERQOS, Earth Resources Observation and Science
Center, **USGS, US Geological Survey, #USDA, US Department of Agriculture.

Data Source Attributes Purpose
OLI/TIRS* aboard | http://earthexplorer.usg | 30-m pixel resolution, 7 spectral To map and quantify area of
Landsat 8 s.gov/ bands 2014 growing season satellite | LULC types: agriculture,

images impervious, and forest
Landsat 5 http://earthexplorer.usg | 30-m pixel resolution, 6 spectral To map and quantify area LULC
Thematic Mapper | s.gov/ bands satellite images from 1999, types: agriculture, impervious,
(TM) 2004, 2007, and 2010 growing and forest

season
Landsat surface http://eros.usgs.gov/ 30-m pixel resolution, 1 band NDVI Use NDVI values to separate
reflectance images image from 1999, 2004, 2007, 2010, | active crop fields from fallow
from EROS** and 2014 growing season lands/pasture
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Table 2 Continued.

Imagery Program
(NAIP) Aerial
Photography

services/aerial-
photography/imagery-
programs/naip-

imagery/index

m spatial resolution

Data Source Attributes Purpose
National http://www.fsa.usda.gov | During growing season 2007, 2010, Training sites for land use
Agriculture /programs-and- and 2014 using color composite at 1- | classification and ground truth

sites for the accuracy assessment
of thematic maps

Google Earth Pro

Google, USGS***,
USDA* Farm Service
Agency

During years 1997, 1999, and 2005
using color as well as black and
white composite at 1-m spatial

resolution

Training sites for land cover
classification and ground truth
sites for the accuracy assessment

of thematic maps

National Land
Cover Dataset
(NLCD)

http://www.mrlc.gov/

30-m pixel resolution, Impervious
Surfaces During years 2001, 2006,
and 2011

To mask out impervious land
cover type to identify active and

fallow lands/pasture
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Table 2 Continued.

Dataset’s (NHD)

2. Stream flow lines Shape file with

line vectors and flow network

Data Source Attributes Purpose
National http://nhd.usgs.gov/dat | 1. Water bodies Shape file with 1. To mask out all open water
Hydrography a.html polygon vectors LULC type to identify active and

fallow lands/pasture

2. To create stream buffers
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1. Perform pre-processing: radiometric
calibration to produce reflectance
values and atmospheric correction

completed with a dark area subtraction

2. Create a sub-scene of Landsat

image using the watershed boundary

3. Perform maximum likelihood
supervised classification of watershed
with 160 of known LULC points into
agriculture, impenvious surfaces, and

forest

4. Perform accuracy assessment with
40 of known LULC points on resulting

classification

¥

7. Create mask using the forest vectar
and the ancillary data of impervious

surfaces and hydrography

.

Y

8. Extract cells from the NDWI that
coincide with row crop LULC in aerial

photography

l

9. Sieve the extracted cells by a

minimum area of 15 pixels

|

10. Rasterize the forest, impervious
surfaces, hydrography, and row crops.
Allthe remaining area within the

watershed becomes open space

|

L ! 1A f the five cl

I 5. Export only the forest LULC as a ' - fesess acclracy of the fve tlasses
| |I— in the LULC raster by creating a

| vector format |

L 1 ___________ 1 stratified random sample of 50 points
T !

i 6. Create a sub-scene Landsat NOWVI

i product by watershed i

Figure 4 Work flow of the two-part classification using a maximum
likelihood supervised classification and density slicing of a normalized
difference vegetation index (NDVI) to produce a land use/land cover (LULC)
map. Classes of final LULC map are row crops, open space, forest,
impervious surfaces, and water. Steps 1-6 were completed in ENVI
(dashed-line frames) while the remaining steps 7-11 were completed in
ArcMap (solid-line frames).
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(%CLINGER). Sites with high amounts of row crops and impervious surfaces
(e.g., 0INR, 08NR, 10NR) had higher percentages of total nutrient-tolerant
genera and higher percentages of Oligochaetes and Chironomids (Figure 11).

Discussion

Fish IBI

A mixture of natural and anthropogenic attributes were found to be
significant influences on biotic integrity in the Nolichucky watershed. A significant
association was found between fish IBI metrics and the LULC, water quality, and
elevation variables. However, contrary to the initial impression that row crops
were increasing in the catchment and were related to degraded fish
assemblages, impervious surfaces, open space, forest, and temperature were
found to be the primary factors that influenced the fish metrics. In the Nolichucky
watershed the amount of impervious surfaces has increased from 4% to 5% with
a percent change of 20%. This relatively small amount of change can be more
detrimental to fishes compared to the same level of change in other land cover
types. Other studies have found that impervious surfaces are more strongly
associated with fish IBI metrics than agriculture. For example, Sawyer et al.
(2004) found that of all the land use in their study site (forest, wetland,
agriculture, and urban) fish assemblages were most responsive to percent urban
land use occurring within 30-m of the stream edge. Snyder et al. (2003) showed
that fish IBI scores were strongly associated with urban land use in individual
catchments, and that sites with poor or very poor ratings had > 7% area of urban
land use in their respective catchments. Although Wang (1997) did find inverse
relationships for both agriculture and urban land use to fish IBI scores, urban

land use showed a stronger negative relationship with biotic integrity.
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Figure 11 The ordination of the benthic macroinvertebrate metrics of biotic
integrity (A) and sites (B) in comparison to the land use, defined by a
nonmetric multidimensional scaling ordination performed on benthic
macroinvertebrate index of biotic integrity metrics in relation to
explanatory variables: land use/land cover, water quality, and elevation that
were collected at selected sample sites in the Nolichucky River watershed.
Arrows are the vectors from the explanatory variablesmatrix that best
explained the variation of the sample sites, row crops (ROW) and
impervious surfaces (IMP). Vectors are rotated 20°.
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Figure 11 Continued.
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Impervious surfaces in the Nolichucky watershed could have a greater
impact on to water quality in streams because infiltration decreases while runoff
increases due to the impenetrable surface (Corbett et al. 1997). Of all the rain
falling during a precipitation event, impervious surfaces can increase the
percentage of rain becoming runoff from 10% with natural cover to 55% (Tourbier
1994). On average impervious surfaces make up a low portion of the overall
catchment area, but have a large, negative influence on water quality (Paul and
Meyer 2001). Impervious surfaces decrease water quality through increasing
loading of sediment, metals, salts, and other chemicals (Brabec et al. 2002;
Arnold and Gibbons 1996). These pollutants suppress immunity in fish and
cause endocrine disruption this leads to community that has lower diversity and
is more tolerant of the impacted conditions (Bols et al. 2001; Jobling and Tyler
2003).

If riparian row cropping is relatively new to the watershed examining land
use of the same year fish and macroinvertebrate were sampled might not reflect
the changes in the watershed that can occur. Harding et al. (1998) found that in
Western North Carolina rivers, land use data from the 1950s was a better
predictor of current stream diversity of invertebrates and fish than land use data
from the 1990s especially with agriculture. It might be possible the full effects will
not be seen of the row cropping until decades from now.

Benthic Macroinvertebrates

This analysis suggests that there is a gradient in the benthic
macroinvertebrate sample sites and that they do not occur out of chance. There
is a divide between metrics that indicate poor habitat conditions, such as
%TNUTOL and %0OC, and metrics that indicate good habitat quality such as
%CLINGER. After the ordination was completed, the NMS tried to assign an
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environmental gradient most relevant and it found that row crops and impervious
surfaces (Fig. 8). Although the NMS suggests a general correlation with LULC
variables, because it is an unconstrained ordination it is not directly associated to
the row crop and impervious surface variables (McGarigal et al. 2000). Fish IBI
metrics had a different association to LULC than benthic macroinvertebrate
metrics. The disagreement might be because fishes are more mobile and not as
susceptible to patchiness of in-stream habitat quality as the more sessile benthic
macroinvertebrate community (Lammert and Allan 1999).

From a national perspective, the use of a benthic macroinvertebrate
observed taxa versus predicted taxa (O/E) index, where lower values are
reflective of degraded communities, has been connected to forest cover and
impervious surfaces but not with agriculture. Although, O/E was found to have
negative correlations with nutrient loading, a factor heavily influenced by
agricultural land use (Sandefur et al. 2015). In smaller-scale studies, urbanization
and forest were more closely linked to benthic macroinvertebrate community
structure (Roy et al. 2003). Although studies do exist where row crops have a
negative connection to stream biodiversity (Waite 2013; Johnson et al. 2012;
Genito et al. 2011; Lenat and Crawford 1993) the Nolichucky watershed might
not follow this pattern because over half of it is in forested land use. This further

exemplifies that land use has complex spatial and patchy relationships with biota.
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Appendix F

Fish IBI metrics and the size of the catchment in square kilometers for the 18 sample sites in the Nolichucky River

watershed. Definitions of abbreviations of the metrics are found in Table 9.

NATIVE | DART | SUN | SCK | INTS | TOL | SPINSCT% | OMN% | %PISC | CPUE | HYB% | DIS | Km?
0 0

01BC | 20 5 3 2 2/05.98 39.15 42.97 |0.00 24.03 (f.)OO 4229
01BL |21 6 4 0.36 | 71.58 20.86 | 3.60 12.09 0.72 | 204
01BU |11 1 0 1.15 | 52.30 1.47 0.00 7.25 0.00 | 16
(I\)/IlCC 11 1 0 1 1 1.55 |28.59 17.46 | 0.00 28.40 |0 0.56 | 25
02CC | 10 2 0 1 1 26.22 | 19.24 17.55 |0.00 2782 |0 1.48 | 25
01HC |12 2 1 1 2 1.82 |35.87 10.33 |0.61 11.75 |0 2.74 | 56
01LC | 26 5 3 5 3 5.26 |56.25 14.14 |0.00 8.44 |0.33 |0.33|677
OINR | 23 6 1 2 4 241 |86.79 5.40 0.09 55.58 | 0 0.00 | 2795
02NR | 26 8 3 5 5 2.05 |48.84 7.50 2.18 18.79 | 0 0.27 | 2201
O3NR | 23 6 2 4 4 8.94 |51.66 7.62 0.99 14.38 | 0 0.33 | 2202
04NR | 25 8 1 2 5 5.86 |74.84 10.85 | 2.39 9.04 |0 0.43 | 2085
O5NR | 26 6 1 2 4 1.65 | 85.66 2.70 0.35 2579 |0 0.35 | 3258
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O6NR | 28 8 1 3 4 6.81 | 75.08 1.87 0.44 22.22 |0 0.77 | 3342
O7NR | 22 6 1 2 4 5.77 |67.31 16.24 | 3.42 2463 |0 0.43 | 2795
08NR | 21 8 1 2 4 8.51 |86.82 2.30 0.08 43.50 | 0.00 |0.00 | 3149
O9NR | 20 8 1 1 4 7.39 | 64.35 1391 | 7.83 9.20 |0.00 |0.00 | 1646
10NR | 23 7 2 3 4 12.67 | 80.41 2.53 1.38 16.69 | 0.00 |0.69 | 3312
1INR | 24 8 2 2 5 10.02 | 67.72 10.20 | 1.86 13.48 | 0.00 | 0.56 | 2308
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Appendix G

Values for the benthic macroinvertebrate metrics of biotic integrity (TDEC 2011) at each sample site in the Nolichucky

River watershed. Definitions of the abbreviations for the benthic macroinvertebrate metrics of biotic integrity are found

in Table 10. The columns labeled S1 through S7 represent the scores assigned (0, 2, 4, or 6) based on comparison

to the ecoregion and stream size to calculate the Tennesseee Macroinvertebrate Index (TMI).

TR | S1 | EPT | S2 | %EPT-C | S3 | %0OC | S4 | NCBI | S5 | %CLINGER | S6 | %TNUTOL | S7 | TMI
01CC |28 |4 |16 |6 |585 6 |81 6 (327 |6 |719 6 |35 6 |40
OINR |21 (4 |11 |6 |60.9 6 |153 |6 |4.88 |4 |141 0 |323 4 |30
O3NR |19 (4 |7 4 150.6 6 (94 6 (498 |4 |4509 4 |153 6 |34
01BUM |28 (4 |9 4 |48.6 6 |02 6 |3.64 |6 |583 6 [29.1 4 |36
01BL 22 |4 |11 |6 |456 6 |08 6 464 |6 |353 2 |136.1 4 |34
01LC 29 |6 |10 |6 |57.9 6 |3.6 6 445 |6 |47.3 4 | 258 4 |38
02NR |27 |4 |13 |6 |449 6 (11 6 (404 |6 |715 6 |53 6 |40
O4NR |39 |6 |20 |6 |74 6 |32 6 [3.93 |6 |584 6 | 7.7 6 |42
O5NR |29 |6 |12 |6 |735 6 |23 6 |346 |6 |55.9 6 |6.1 6 |42
O9NR |38 |6 |24 |6 |749 6 |32 6 |3.64 |6 |488 4 | 145 6 |40
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0O1HC |41 |6 |25 |6 |49 6 |09 6 435 |6 |44.4 4 |28.5 6 |40
O/NR |28 |4 |15 |6 |55.8 6 (162 |6 [4.74 |6 |46.7 4 | 24.7 6 |38
1INR |28 |6 |15 |6 |46.5 6 (0.8 6 |456 |6 |63.4 6 |24.8 6 |42
01BC |28 (6 |14 |6 |58.7 6 |0.6 6 [3.63 |6 |59.8 6 |255 6 |42
02CC |43 |6 |25 |6 |558 6 |27 6 |31 6 |785 6 |9 6 |42
IONR |31 |6 |18 |6 |58.7 6 (147 |6 |47 6 (444 4 259 6 |40
O8NR |35 |6 |15 |6 |78.8 6 |12 6 |4.72 |6 |38.9 4 |36.3 4 |38
O6NR |25 |4 |12 |6 |62.7 6 |5 6 |4.03 |6 |40.8 4 1193 6 |38
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CHAPTER IV
ASSOCIATION BETWEEN SWAT MODEL AND METRICS OF
BIOTIC INTEGRITY
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Abstract

Human disturbances to natural vegetation through land use change have
negative impacts on the neighboring streams’ biota and physiochemical
conditions. detecting a strong link between these disturbances and changes in
aquatic communities can be difficult due to lack of high-resolution datasets on
hydrology and water quality. The United States Geological Survey’s National
Water Information System has only four stations in the Nolichucky River
watershed. They measure discharge and gage height on a daily time step with
only one measuring suspended sediments from 1934 to 1965. None measure
amounts of organic pollutants. Using models like the Soil and Water Assessment
Tool (SWAT) higher resolution estimates can be made by using a LULC map, a
soil dataset, elevation dataset, and weather dataset.

The SWAT model was used to estimate sediment, nitrogen, and
phosphorus concentrations in the Nolichucky River watershed in Tennessee for
the year 2014. Estimates were made for catchments where an index of biotic
integrity (IBI) for fish and benthic macroinvertebrate macroinvertebrates had
been conducted. These estimates were related to the IBI metrics. A redundancy
analysis (RDA) showed that pollutant estimates explained 38.4% of the variation
in the fish metrics in the first three axes. All three estimates of sediment,
nitrogen, and phosphorus were found to be influential explanatory variables on
fish metrics (Monte Carlo test p = 0.03 for eigenvalue). The RDA showed sample
sites were ordinated linearly into three groups: (1) low impacted tributary sites,
(2) moderately impacted tributary sites, and (3) highly impacted tributary sites
and main stem sites. This indicated highly impacted tributaries in the Nolichucky
were functioning biologically like larger order rivers in terms of fish community
structure. Nonmetric multidimensional scaling was performed on benthic
macroinvertebrate metrics (Monte Carlo test p < 0.05). All three estimates of
pollutants were found to be associated with higher percentages of chironomids,
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oligochaetes, and nutrient tolerant genera while having an inverse relationship
with the intolerant metric the percentage of clinger genera. Use of SWAT model
estimates can be a useful management tool to indirectly assess threats to fish
and benthic macroinvertebrate health from nonpoint sources of pollution.

Methods

SWAT Model

The ArcSWAT 2012 model was used to simulate the amount of sediment
yield for the watershed for 2014. Mandatory spatial input files needed for the
model included the input digital elevation model (DEM), land use map, and soil
layer (Table 20). Using the DEM a subbasin was created for each sample site.
The subbasins were divided into hydrologic response units (HRUSs) by land
use/land cover (LULC), slope levels, and soil percentage. The HRUs are areas in
the model that are calculated to have the same manner in which they conduct
water through the system. Land use and slope were reclassified in the SWAT
model. Land use was classified as agriculture row crops, mixed forest, water,
residential medium/low density, and pasture. The slope was classified into five
classes based on natural breaks in the percent rise value in the raster.

The SWAT output file was a measurement of sediment yield, organic
nitrogen, and organic phosphorus for each subbasin. The model was run on a
monthly time step. Sediment yield (SYLD) was reported as metric ton/ha and is
the sediment from the subbasin that is transported into the reach during the time
step. Organic nitrogen (ORGN) was reported as the ORGN transported out of the
subbasin and into the reach during the time step. Organic phosphorus (ORGP)
was reported as the amount of ORGP transported (Arnold et al. 2012). The

measurements for all months were totaled and the amount of SYLD, ORGN, and
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Table 20 Data used in the soil and water assessment tool (SWAT) model to estimate the amount of sediment,
phosphorus, and nitrogen carried into the streams from catchments of various types of land use in the
Nolichucky river watershed during 2014.

Data

Source

Attributes

Purpose

Land use map

Created in Chapter Il

30-m resolution
Raster dataset from 2014

To estimate pollutants in carried

from the land to the steams

Digital Elevation

viewer.nationalmap.gov

30-m resolution

To create sub watersheds at

Model (DEM) /basic/?basemap=bl&c | Elevation raster dataset each sample site and input to
ategory=ned,nedsrc&ditl SWAT model
e=3DEP View To estimate pollutants in carried
from the land to the steams
State Soill http://lwww.soilinfo.psu. | Soil Types at 30-m resolution | To estimate how water moves
Geographic edu/index.cgi?soil_data | Raster dataset through the watershed and
Dataset &statsgo carries pollutants from the land to
(STATSGO) the streams
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ORGP transported with sediment into the reach during the year and were

compared with the biometrics using multivariate ordination techniques.

Statistical Analysis

When the SWAT outputs were scatter plotted with the fish and
macroinvertebrate metrics a linear relationship appeared with fish metrics so a
redundancy analysis (RDA) was used to analyze these data. Neither a unimodal
nor a linear response was observed when correlating benthic macroinvertebrate
metrics with SWAT variables. Therefore, nonmetric multidimensional scaling
(NMS) was performed to conduct an indirect gradient analysis on these data. The
matrix of the SWAT output was In(x)-transformed to eliminate skewness and
kurtosis.

For the redundancy analysis (RDA), the main matrix was made up of the
18 sample sites (rows) and the seven land use and 12 fish metrics of biotic
integrity (columns). The second matrix was made of the 18 sample sites (rows)
and the three pollutant measurements from the SWAT model. In PC-ORD
version 6.15 (McCune and Mefford 2011) the parameter set up for
standardization of responses were centered but not standardized and the scaling
was for the distance biplot.

The NMS used the distance measure Sorensen (Bray-Curtis) method in
PC-ORD version 6.15 (McCune and Mefford 2011; Mather 1976; Kruskal 1964)
using the default settings in autopilot. Random starting configurations were
chosen. The number of runs with real data was 250. The dimensionality
(number of axes) was assessed by PC-ORD by comparing final stress values
among the best solutions. One best solution is chosen for each dimensionality
(McCune and Grace 2002). The maximum amount of axes allowed was six and

the ordination found up to that amount.
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Results

Pollutants were entering the sample site watersheds primarily in March
and July (Figure 12). From the perspective of the entire Nolichucky watershed,
higher amounts of SYLD were found in the northwestern region, and higher
amounts of ORGN and ORGP were found in the north-central region (Figure 13,
Appendix H). Pollution is primarily taking place in the Ridge and Valley
ecoregion that lies mostly in Tennessee. The amount of SYLD across sample
site watersheds ranged from 0.21 metric tons/ha to 51.35 metric tons/ha; ORGN
ranged from 0.64 kg/ha to 12.90 kg/ha; and ORGP ranged from 0.10 g/ha to 2.13
g/ha across sites.

For the RDA, the correlation matrix of the SWAT output indicated that all

explanatory variables were highly correlated (Table 21). The first axis explained
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Figure 12 The Soil and Water Assessment Tool (SWAT) was used to
estimate the amount of sediment (SYLD), nitrogen (ORGN), and
phosphorus (ORGP) over the year 2014 for the entire Nolichucky River
watershed.
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Figure 13 Distribution of sediment, nitrogen, and phosphorus across the
Nolichucky River watershed in 2014 modeled by ArcSWAT. Values for each
sub basin have been transformed by log(x)+1 for the map.
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Table 21 The correlation matrix produced as preliminary results in the
redundancy analysis. Sediment yield (SYLD), organic nitrogen (ORGN),

and organic phosphorus (ORGP) were estimated using the Soil and Water

Assessment Tool at selected sample sites in the Nolichucky River

watershed.
ORGN | SYLD | ORGP
ORGN |1 0.951 |0.993
SYLD [0.951 |1 0.921
ORGP | 0.993 |0.921 |1

31.8% of the variance in the ordination with the second axis explaining 4.8% and
the third explaining 1.8% (Table 22). All three SWAT outputs were strongly
associated with the first axis ordination of sample sites (Figure 14; Figure 15).
The RDA revealed grouping of the sample sites. Low impacted tributary sites
(02CC, 01CC, and 01BUM) were located on the negative ends of both axes one
and two. These sites had low amounts of ORGP, SYLD, and ORGN. They were
characterized by high amounts of native species, higher catch rates (CPUE), and
percentages of specialized insectivores. Sites on moderately impacted
tributaries (01HC and 01BL) were characterized by higher percentages of
piscivorous fish and number of sunfish species. Main stem sites (e.g., 01NR an
04NR) and sites on impacted tributaries (01LC and 01BC) were the third group.
They had higher amounts of ORGP, SYLD, and ORGN and were characterized
by higher percentages of hybrids and low values for most other metrics that
indicate pollution intolerance (e.g., number of darter species and number of
natives, see Figure 15). The randomization test rejected the null hypothesis that
there was no relationship between the two matrices (p = 0.03; 998 test runs)
(Table 23). The final linear combination (LC) scores are shown for the fish
metrics (Table 24), sites (Table 25), and standardized regression coefficients
(Table 26).
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Table 22 To measure how pollutants from row crop agriculture impacts fish
communities a redundancy analysis (RDA) was performed on metrics from

a fish index of biotic integrity (IBI) in relation to pollutant estimates from

the Soil and Water Assessment Tool (SWAT) that were for selected sample

sites in the Nolichucky River watershed. Axis summary statistics for the

three axes the RDA found explain 38.4% of the variance in the sample sites
are explained by the pollutant estimates (Spp-Envt).

Axis1 |Axis2 |Axis 3
Eigenvalue 3.81 0.58 0.22
Variance in species data
% of variance explained 31.8 4.8 1.8
Cumulative % explained 31.8 36.6 38.4
Pearson Corr., Response-Pred.*0.76 0.56 0.45
Kendall Corr., Response-Pred. |0.55 0.27 0.34
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Figure 14 Joint plots showing a redundancy analysis ordination of sample
sites of fish index of biotic integrity metrics along a gradient of sediment
(SYLD), phosphorus (ORGP), and nitrogen (ORGN). The sites in the
Nolichucky River watershed show three distinctive groups of (1) low impact
tributaries, (2) moderately impacted tributaries, and main stem sites
(regardless of impact level) with highly impacted tributaries (3).
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Figure 15 Joint plot showing a redundancy analysis ordination of the fish

metrics of biotic integrity calculated for several sample sites in the
Nolichucky River watershed along a gradient of sediment (SYLD),

phosphorus (ORGP), and nitrogen (ORGN).
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Table 23 The randomization test of significance was performed to assess
the statistical significance of the axes found in the redundancy analysis of

fish index of biotic integrity metrics in relation to estimates of the
pollutants (sediment, phosphorus, and nitrogen) at selected sites in the
Nolichucky River watershed.

Randomized data

Real data [Randomization, test 998 runs
AXIS Eigenvalue [Mean Minimum Maximum [p
1 3.81 1.61 0.25 5.80 0.03
2 0.58 0.40 0.04 1.12
3 0.22 0.12 0.002 0.51

Table 24 The linear combination (LC) scores calculated by the redundancy
analysis performed on fish index of biotic integrity metrics in relation to the

estimated pollutants (sediment, phosphorus, and nitrogen) at selected

sample sites in the Nolichucky River watershed. Abbreviations for the fish

metrics are in Table 9.
Axis 1 AXis 2 AXis 3

NATIVE -0.36 -0.17 -0.07
DART -0.36 -0.005 -0.02
SUN -0.06 0.59 0.21
SCK -0.29 0.13 0.16
INTS -0.36 -0.03 -0.08
TOL% -0.27 -0.15 0.03
SPINSCT% -0.36 -0.10 -0.10
OMN% -0.38 -0.02 0.07
PISC% -0.08 0.69 -0.27
CPUE -0.34 -0.13 -0.02
HYB% -0.03 0.01 0.91
DIS% -0.26 0.27 0.03

122



Table 25 The linear combination (LC) scores calculated by the redundancy
analysis performed on fish index of biotic integrity metrics in relation to the

estimated pollutants (sediment, phosphorus, and nitrogen) at selected

sites in the Nolichucky River watershed. These are the LC scores plotted

in Figure 14 and 15.

Axis 1 AXis 2 AXis 3
01BC 1.20 -0.32 1.10
01BL -0.73 1.47 0.15
01BUM -2.72 -0.85 -0.17
01CC -2.82 -0.19 0.02
01HC -1.03 0.99 -0.01
0lLC -0.44 0.02 0.80
01INR 1.044 0.68 -0.11
02CC -2.82 -0.19 0.02
02NR 1.23 0.43 0.01
03NR 1.50 0.17 -0.32
04NR -2.02 -1.07 -0.28
05NR 0.60 0.55 -0.10
06NR 3.37 -1.43 0.57
07NR 1.04 0.68 -0.11
08NR 1.35 0.32 0.07
09NR -2.63 -0.36 -0.04
10NR 2.34 -0.95 -0.81
1INR 1.56 0.05 -0.80
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Table 26 The standardized regression coefficient calculated in the

redundancy analysis performed on the fish index of biotic integrity metrics

in relation to estimates of the pollutants (sediment, phosphorus, and
nitrogen) at selected sites in the Nolichucky River watershed.

Response Predictors >
ORGN SYLD ORGP

NATIVE 6.63 -1.85 -5.42
DART 7.50 -2.22 -5.84
SUN 4.40 -1.70 -2.54
SCK 7.30 -2.11 -5.56
INTS 7.12 -2.15 -5.56
TOL% 5.24 -1.34 -4.37
SPINSCT% [6.61 -1.94 -5.27
OMN% 8.25 -2.32 -6.51
PISC% 3.25 -1.99 -1.20
CPUE 6.58 -1.81 -5.35
HYB% 4.18 -0.25 -3.77
DIS% 6.46 -2.16 -4.60
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The NMS ordination was performed for the benthic macroinvertebrate
metrics and the pollutant estimates. The NMS ordination found up to the allowed
number of axes. This time a 2-axis solution was recommended, and it was found
after 35 iterations. The Monte Carlo test rejected the null hypothesis that there
was no relation between the two matrices (p = 0.05; 998 runs; Table 27).

Sample sites were ordinated along a gradient of increasing ORGP,
ORGN, and SYLD (Figure 16). No grouping was evident in the sample sites,
although a gradient did appear again with the benthic macroinvertebrate IBI
metrics (Figure 17). Sites with high estimates of ORGP, ORGN, and SYLD were
found to have high percentages of oligochaetes and chironomids (%0OC) and
total nutrient-tolerant genera (% TNUTOL). Sites with low amounts of the
estimated pollutants were found to have high percentages of clingers
(%CLINGER).

Discussion

In this study, a SWAT model was built and run for the Nolichucky river
watershed to estimate water quality conditions based on land use, soils,
elevation, and weather. The outputs of the model were associated with benthic
macroinvertebrate and fish 1Bl metrics to compare their links to land use
variables. The interpretation of the relationship between fish biotic integrity and
the SWAT output data was different compared to the findings of the measured
land use and in situ water quality data in Chapter Il. There was a unimodal
relationship between fish metrics and percent land cover types and water quality
at the site. When comparing the fish IBI metrics with the SWAT pollutant
estimates, there was a linear relationship. The different relationships might have

occurred because the SWAT output was a more complex calculation based off of
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Table 27 A nonmetric multidimensional scaling ordination was performed on benthic macroinvertebrate index
of biotic integrity metrics in relation to in relation to pollutant estimates from the Soil and Water Assessment
Tool (SWAT) that were for selected sample sites in the Nolichucky River watershed. To test the significance
of the stress in relation to dimensionality (number of axes), a Monte Carlo test was done comparing 250 runs

on the real data to 250 runs on randomized data. The p-value is the proportion of randomized runs with

stress less than or equal to the observed stress.

Stress in real data

Stress in randomized data

Monte Carlo test, 250 runs

AXes Minimum Mean [Maximum |[Minimum |Mean |Maximum |p

1 21.89 41.50 |54.44 23.27 45.42 154.43 0.004
2 9.09 10.10 (36.70 10.41 16.83 |37.21 0.004
3 6.07 6.71 26.59 5.71 8.83 [16.17 0.02
4 3.98 4.37 20.03 291 5.56 (1541 0.03
5 2.63 2.90 3.95 2.02 3.66 [12.36 0.05
6 1.56 1.92 2.97 1.26 234 4.1 0.02
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Figure 16 The ordination of the benthic macroinvertebrate metrics of biotic integrity of selected sites in
comparison to the land use, defined by a nonmetric multidimensional scaling ordination performed on
benthic macroinvertebrate index of biotic integrity metrics in relation to pollutant estimates from the Soil and
Water Assessment Tool that were for selected sample sites in the Nolichucky River watershed.
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Figure 17 The nonmetric multidimensional scaling ordination of the benthic
macroinvertebrate metrics of biotic integrity of benthic macroinvertebrate

metrics in comparison in relation to pollutant estimates from the Soil and
Water Assessment Tool that were for selected sample sites in the
Nolichucky River watershed.
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distance from stream, slope, soil type, and weather (Arnold et al. 2012). The
measurements of LULC did not have any weighting other than running the
measurements at different scales through a PCA and choosing the most
appropriate variables based on eigenvalues and the necessity of representing
each LULC class.

The RDA showed the sample sites for the fish biometrics falling into three
groups (Figure 14). The highly impacted tributary sites (01LC and 01BC)
behaved like main stem sites in that biologically they functioned like higher order
main stem rivers when impacted by land use (Vanotte et al. 1980). These highly
impacted sites should function like the low impacted tributary sites (01CC, 02CC,
and 01BUM). This pattern has been seen in benthic macroinvertebrate
communities in urban and rural watersheds. Smith and Lamp (2008) compared
headwater and main-stem communities and found the proportion of headwater
taxa shared with the main-stem communities was 1.8X greater for urban than
rural sites. In addition, the high impacted tributary sites have high TDS and
SPCOND which tend to indicate high surface runoff (Wetzel 2001). Ultimately,
this is the link between land use, water quality, and their impacts to biotic integrity
in the Nolichucky watershed.

The benthic macroinvertebrate metrics did not have a different association
to the SWAT outputs compared to the variables from the PCA. The NMS was still
the best ordination. Other ordinations (e.g. RDA and CCA) were not statistically
significant when a Monte Carlo test was performed. Linear models were not
appropriate, likely because the sample sites assessed were in an overall healthy
biological condition, and lacked the variability necessary for these models to fit
the data. Indeed, all of the sites were rated as “good” or “excellent” based on the
TDEC metrics calculated for this study. However, the gradient in sites in terms of
percentage of clingers and percentage of oligocaetes, chironomids, and total
nutrient-tolerant species (Figure 17) indicated that sample sites with more

pollutants favor more tolerant genera. Pollutants estimated by the SWAT model
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are all known to alter habitats and decrease dissolved oxygen in a river. When
there is higher sediment loading, crevices in rocks are filled in and riffles
inhabited by clinging benthic macroinvertebrates are slowed, causing
prohibitively low dissolved oxygen levels necessary for sensitive taxa(Pollard and
Yuan 2009). High amounts of nutrients can indirectly cause lower concentrations
of dissolved oxygen in water through the pathway of exploding and decomposing
primary producers such as benthic algae, macrophytes, and phytoplankton.
When these producers die off, greater numbers of bacteria feed them,
consuming oxygen that creates hypoxic zones. It is in these low oxygen
conditions that is most suitable for benthic macroinvertebrate groups like
oligochaetes and chironomids (Saether 1979). Overall, the use of SWAT model
estimates was a useful tool to assess LULC impacts to biotic integrity in the
Nolichucky watershed. It provides a low cost method (in terms of labor) for
assessing threats to fish and benthic macroinvertebrate health and broad spatial
scales without having to sample water directly, which can be expensive for

natural resource agencies and nonprofit organizations.
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Amount of nitrogen (ORGN), sediment (SYLD), and phosphorus (ORGP)
estimated by the Soil and Water Assessment Tool (SWAT) model for each

sample site in the Nolichucky River watershed.

Appendix H

Site Code | ORGN (kg/ha) | SYLD (tons/ha) | ORGP (kg/ha)
01BL 11.32 8.11 2.13
02NR 7.48 7.81 1.38
01BC 12.91 51.35 1.85
O03NR 4.61 3.50 0.88
04NR 0.64 0.21 0.10
1INR 2.57 1.11 0.53
01NR 7.63 6.49 1.47
07NR 7.63 6.49 1.47
01BUM 0.70 0.22 0.10
01LC 7.71 13.76 1.14
01CC 1.42 0.53 0.21
02CC 1.42 0.53 0.21
01HC 5.96 3.30 1.08
06NR 5.64 21.56 0.85
10NR 1.43 0.77 0.27
O5NR 6.13 4.76 1.14
09NR 1.22 0.45 0.18
08NR 7.57 8.84 1.38
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CHAPTER V
CONCLUSION
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In the Nolichucky River watershed, there was concern for how increasing
row crop agriculture was affecting water quality and the biotic community. The
Nolichucky River like many rivers in the southeastern United States follows the
pattern of the River Continuum Concept (RCC, Vannote et al. 1980) where a
river system displays a gradient of physical conditions, and the biotic community
there responds to these conditions in a predictable pattern from the headwaters
to the mouth. When disturbance to the natural vegetation occurs (e.g. row crop
agriculture, urban development, forest clearing), runoff increases. With the
increased runoff, there are increased loads in sediment, nutrients, and other
pollutants (Karr and Schlosser 1978). This interrupts the pattern of the RCC by
altering the physical conditions in streams and thus the biotic community.

In this study, the main research hypothesis is that an increase in the
number and area of row crop fields would be associated with a decrease in
stream biodiversity and change in functional traits of biotic assemblages. To
measure the amount of land use/land cover (LULC) and if change was occurring,
LULC was quantified over several years (1999 to 2014) in the Nolichucky River
watershed. Five LULC classes were measured: row crops, open spaces,
impervious surfaces, forest, and water. Open spaces are defined as all non-row
crop area: pasture, lawns, hay fields, and fallow fields. Minimal land use
changes were found even though the row crop LULC class had increased in area
across the years. Using only the 2014 LULC data, measurements at different
spatial scales were taken (site, reach, and catchment) at each sample site where
fish and benthic macroinvertebrate indices of biotic integrity (IBI) were
conducted. These measurements involved percentage cover, patch density of
row crops (patches/km?), and vegetation width. Area of row crops were detected
most at the reach scale, and patches of row crops had increased since 1999.

The field work in this study involved conducting fish and benthic
macroinvertebrate IBIs at selected sample sites in the Nolichucky River

watershed during the summers of 2014 and 2015. Before conduction IBls water
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guality and elevation were recorded. Before the LULC measurements were
compared to the IBI metrics, they were analyzed along with the water quality and
elevation data using a principal component analysis (PCA). The PCA found that
variables at smaller scales (reach and local) had higher eigenvalues suggesting
there might be more value to focusing efforts on smaller spatial scales in the
Nolichucky River watershed because smaller spatial scales explained most of the
variation in the dataset. The PCA was also used to create a reduced dataset of
LULC measurements, water quality values, and elevation to compare to the IBI
metrics. Land use types: open space, forest, and impervious surfaces seemed to
drive most of the variance in the fish metrics when analyzed with a canonical
correspondence analysis. The benthic macroinvertebrate metrics seemed to fall
on a gradient based on row crops and impervious surfaces but since the
ordination was nonmetric multidimensional scaling.

In addition to the LULC comparison, the Soil and Water Assessment Tool
(SWAT) model estimated the annual sediment, phosphorus, and nitrogen load for
2014. When these estimates were associated with fish metrics using a
redundancy analysis (RDA), sample sites on impacted tributaries were found to
be behaving biologically like sample sites on the main stem of the river. This was
due to three groups found in RDA: (1) low impacted tributary sites, (2)
moderately impacted tributary sites, and (3) high impacted tributary sites with
main stem sites regardless of impact level. When the estimates were associated
benthic macroinvertebrate metrics the same gradient appeared but instead on a
continuum of increasing sediment, phosphorus, and nitrogen.

In the Nolichucky River watershed, other types of land cover disturbance
(impervious surfaces, open spaces) affect biotic integrity more strongly than row
crops. However, the results from the RDA performed on the fish IBI metrics and
the pollutant estimates indicate that in the Nolichucky River watershed land cover
disturbance that causes increased pollutant estimates interrupts the pattern of

the RCC. That is, when watersheds of tributary streams are converted to
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impervious and open space land cover, then they function biologically more like
the larger main stem river. Although fish and benthic macroinvertebrate metrics
indicated that the tributary and main stem Nolichucky sites were in relatively
good condition, increases in land conversion can further degrade stream biotic
integrity. Using SWAT model estimates to assess potential threats to biotic
integrity from nonpoint sources of sediments and nutrients can prove to be a
valuable tool for natural resource managers attempting to assess and improve

water quality for aquatic biota at broad spatiotemporal scales.
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