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EXECUTIVE SUMMARY

The data obtained from the ecoregion delineation and reference site monitoring project will be
used as a tool to implement the requirements of the Tennessee Water Quality Control Act. The
Act requires the protection of state waters and their designated uses as defined by the Tennessee
Water Quality Standards. These Standards consist of three parts. The first part defines
designated uses. All waters have at least the basic four uses: fish and aquatic life, recreation,
irrigation, and livestock watering and wildlife. The second part establishes the general water
quality criteria needed to protect those uses. The third part is the antidegradation statement,
which protects existing uses of all surface waters as established under the Act. The ecoregion
and reference site framework should provide scientific, practical, and defensible background data
to ensure that the Water Quality Standards fully protect and maintain the waters of the state, and
their designated uses.

Understanding how ecoregions affect biological health and water quality is a key step in
watershed management. Reference streams serve as control streams in water quality
investigations. Comparing impacted sites to ecoregion reference sites provide a tool for
measuring stream quality. Monitoring impacted sites and comparing them to reference sites can
also measure the progress of water quality trends within watersheds over time.

To establish values that would be representative of actual background conditions, data were
collected from least disturbed and minimally impacted reference streams that were representative
of an ecological region referred to as an ecoregion. Obtaining these values required delineation
of ecoregion boundaries and locating ecoregion reference streams. To accomplish this goal, the
Tennessee Ecoregion Delineation and Reference Site Selection Project was initiated in 1994.
This project was a cooperative effort between the Tennessee Department of Environment and
Conservation, Division of Water Pollution Control (WPC), the USEPA Region IV, the USEPA-
National Health Environmental Effects Research Laboratory (NHEERL) and Tetra Tech Inc.
Project goals consisted of the following:

Refine Level III ecoregions and delineate Level IV ecoregions (subregions) in Tennessee.
Locate least impacted and minimally disturbed reference streams in each subregion.
Determine baseline physical, chemical, and biological conditions in reference streams.
Explore the use of reference data to assist in the interpretation of existing narrative
criteria.

el S

Ecoregion delineation is a geographical framework that categorizes large sections of Tennessee
into areas of similar geology, soils, physiography, land use, vegetation, climate, and water
quality. Evaluation of background water quality and aquatic community health required
establishment of ecoregion reference streams. These were streams considered minimally
impacted and least disturbed, but were also representative of the subregion in which the stream
flowed.

Delineation of Tennessee’s Level Il and Level IV ecoregions was completed in February 1997
with the generation of the EPA document Ecoregions of Tennessee (EPA/600/R-97/022). The



document described in detail the typical characteristics found in each of Tennessee’s subregions.
The Tennessee map illustrated eight ecoregions (Level III) and identified twenty-five subregions
(Level IV).

Glenn Griffith, NHEERL, provided a list of 231 potential candidate reference sites. Site
evaluations required field visits to each stream. During this initial screening process, from mid-
1995 to mid-1996, additional candidate reference sites were identified resulting in a final list of
353 potential sites. During field verification, 139 sites were eliminated due to impacts. The
remaining 214 sites were considered for final reference site selection. The goal was to select
three reference sites per subregion. A total of 70 final reference sites was selected by August
1996.

Habitat assessments, physical measurements, chemical, and biological samples were collected at
the 70 final reference sites beginning in August 1996. Biological samples were collected twice
per year during the low flow period (August - October) and high flow period (March-May).
Chemical samples were collected on a quarterly basis using a modified clean technique. Data
were collected for three consecutive years through May 1999. During the three-year period,
some initial reference sites were dropped and new ones were added depending on data results
that indicated developing impacts in the watershed.

Michael Barbour and Jeffrey White of Tetra Tech Inc analyzed the first year of reference stream
macroinvertebrate data, producing a report titled: Evaluation of Tennessee Ecoregions: A
Framework for Stream Classification and Bioassessment (1998). The report addressed general
water quality trends, possible seasonal effects, collection methods, metric selection, and a
preliminary Tennessee Stream Condition Index (TSCI). It also included recommendations for
future reference site collections.

Water quality data collected during this project were entered into the EPA Legacy STORET.
Both water chemistry and biological data were entered into Microsoft Access databases. The
Access databases were exported into a statistical software package. The data were displayed in
standard box plots to show value ranges in each Level Il and IV ecoregion. These ranges will be
used to define the reference condition in each region.



ACKNOWLEDGEMENTS

The Tennessee Ecoregion Delineation Project was conducted by the Tennessee Department of
Environment and Conservation (TDEC), Division of Water Pollution Control (WPC) and the EPA
National Health and Environmental Effects Research Laboratory in Corvalis, Oregon. Funding was
provided by a 104(b)(3) grant. Greg Denton, Joy Broach, Linda Cartwright (WPC), and Debbie Arnwine,
Tennessee Department of Health (TDH), Aquatic Biology Section served as coordinators for this project.

The following individuals participated in the initial site selection and stream monitoring. Many others
have been involved in continuing the project through subsequent monitoring activities.

TENNESSEE DEPARTMENT
OF ENVIRONMENT AND
CONSERVATION

Division of Water Pollution Control

Environmental Assistance Centers:

Chattanooga

¢ Callie Dobson

¢ Jennifer Hooper

¢ Tammy Hutchinson
¢ Greg Russell

¢ Terry Whalen

Jackson

¢ Jere Bowen

¢ Bobby DePriest
¢ Jere Dougan

¢ Bob Englert

¢ Amy Fritz

¢ Dan Hatch

¢ Ben Matthews
¢ Eddie O’Neil

¢ Roger Orgain

¢ Gregg Overstreet
¢ Pat Patrick

Johnson City

¢ Beverly Brown
¢ Robin Cooper
¢ David Hale

¢ Tina Robinson
¢ Robert Tipton

Knoxville

¢ Jonathan Burr

¢ Amy Mullikin

¢ John Price

¢ Paul Stodola

¢ Allen Wilkinson
¢ Andy Williams
Knoxville Mining
¢ Sheri Duren

¢ Jim Finley

¢ Michael Robbins
¢ Dave Turner

Memphis

¢ Eddy Bouzeid
¢ Romona Gore
¢ Lew Hoffman
¢ Ken Jones

¢ Burk Martin

Nashville

¢ Annie Goodhue
¢ Debbie Hamilton
¢ Joe Holland

¢ Ann Morbitt

¢ Jimmy Smith

¢ Tim Wilder

Division of Department
of Energy Oversight

¢ Jessica Kinsall

¢ Rob Lindbom

¢ Renee Parker

¢ John Paryam

¢ Roger Petrie

TN DEPARTMENT
OF HEALTH

Aquatic Biology Section
¢ Debbie Armwine

¢ Pat Dobbe

¢ Andy McAllister

¢ Dan Murray

¢ Kim Sparks

¢ David Stucki

¢ Donna Wingfield

Jim Omernick and Glenn Griffith, U.S. EPA, mapped the state into ecological subregions. Michael
Barbour and Jeffrey White, Tetra Tech, Inc. provided assistance in sampling design throughout the
project. They were also responsible for preliminary data reduction and interpretation. John Jenkins and
Rick Livingston with USDA-NRCS assisted in ecoregion delineation and reference site selection. These
individuals were essential to the success of the project.

Acknowledgement and appreciation also goes to the Alabama Department of Environmental
Management, the Mississippi Department of Environmental Quality, and to the Florida Department of
Environmental Protection who assisted Tennessee in developing its monitoring and site selection

strategy.






Figure 1: Ecoregions

of Tennessep

BSr BEf

65a Blackland Prairie

65b Flatwoods/Alluvial Prairie Margins
65e Southeastern Plains and Hills

651 Fall Line Hills

65j Transition Hills

66d Southern Igneous Ridges and Mtns
66¢e Southern Sedimentary Ridges

66f Limestone Valleys and Coves

66g Southern Metasedimentary Mtns

67f Southern Limestone/Dolomite Valleys
and Low Rolling Hills

67g Southern Shale Valleys

67h Southern Sandstone Ridges

671 Southern Dissected Ridges & Knobs

68a Cumberland Plateau

68b Sequatchie Valley

68c Plateau Escarpment

69d Cumberland Mountains

71e Western Pennyroyal Karst

71f Western Highland Rim

71g Eastern Highland Rim

71h Outer Nashville Basin

71i Inner Nashville Basin

73a Northern Mississippi Alluvial
Plain

74a Bluff Hills

74b Loess Plains






1. INTRODUCTION
1.1 Project Background and Funding

In 1994, the Division of Water Pollution Control, Tennessee Department of Environment and
Conservation, initiated an Ecoregion Delineation and Reference Site Selection Project. This
long-term project was a cooperative effort between WPC, USEPA Region IV (EPA), James
Omernik and Glenn Griffith, USEPA-National Health and Environmental Effects Research
Laboratory (NHEERL) in Corvallis, Oregon and Michael Barbour and Jeffery White, Tetra Tech
Inc. The long-term goals of the project were to:

Refine Level III ecoregions and delineate Level IV ecoregions (subregions) in Tennessee.
Locate least impacted and minimally disturbed reference streams in each subregion.
Determine baseline physical, chemical, and biological conditions in reference streams.
Explore the use of reference data to assist in the interpretation of existing narrative
criteria.

el S

The Tennessee ecoregion delineation project was initially funded with an FY1994 104(b)(3)
grant. This project provided a useful geographical framework that categorized large sections of
Tennessee into logical units of similar geology, soils, land use, vegetation, precipitation and
water quality. One goal of this grant was to define boundaries for eight ecoregions (Level III)
and twenty-five subregions (Level IV). A second goal was to develop a list of least impacted
potential reference sites in each subregion. The project was completed February 1997, with
publication of the EPA document Ecoregions of Tennessee EPA/600/R-97/022, and production
of the final ecoregion map into a Geographic Information System (GIS) format.

The Ecoregion Reference Site project was divided into two phases. Phase I was funded by an
FY1995 104(b)(3) grant. Phase I consisted of screening a list of 231 potential candidate
reference sites located throughout the twenty-five subregions. Each site was evaluated in the
field by an experienced biologist. During this screening process, additional candidates were
identified resulting in 353 potential sites. One hundred and thirty nine sites were eliminated
during field verification due to observable impacts. The remaining 214 sites were considered for
final reference site selection. The goal was to select three reference sites in each subregion.
Three were considered the minimal number necessary to provide a statistically valid database. A
final list of 70 sites was selected for monitoring as potential reference streams by August 1996.

Phase Il was funded by an FY 1996 104 (b)(3) grant. Phase II consisted of data collection at the
70 proposed reference sites. Data consisted of habitat assessments, stream characterizations,
chemical collections, and biological monitoring. Data collection began in August 1996.
Biological samples were collected during the low flow period (August - October) in 1996.
Chemical and bacteriological samples were collected on a quarterly basis beginning in August
1996. Funding covered chemical analyses and macroinvertebrate sample processing,
identification, metric calculations, data entry, and specimen verification.



Phase IIB was a continuation of Phase II. It was funded by an FY1997 104(b)(3) grant. Funding
covered macroinvertebrate sample processing, identification, metric calculations, data entry, and
specimen verification for the second set of biological samples collected during the high flow
period (April - June) in 1997. This grant was also used for a contract with Tetra Tech Inc. to
compile the biological data, evaluate sample methodology, define bioregions, assess possible
seasonal effects, establish core metrics, and develop a preliminary Tennessee Stream Condition
Index (TSCI). This work was published in the report: Evaluation of Tennessee Ecoregions: A
Framework for Stream Classification and Bioassessment (1998). In addition to this document,
Tetra Tech Inc. developed a program in Microsoft Access called EDAS (Ecological Data
Application System). It was developed to analyze macroinvertebrate data collected. Future
development includes direct upload into EPA’s national STORET database.

Data collected at reference streams will be used to define baseline conditions in least impacted
streams in various regions across Tennessee. The ecoregion reference site framework will be
used to enhance water quality criteria.

1.2 Project Goals and Objectives

1.20 Water Quality Criteria and Standards Development

The ecoregion/reference site framework will be used as a tool to implement the requirements of
the Tennessee Water Quality Control Act. The Act requires the protection of state waters and
their designated uses as defined by the Tennessee Water Quality Standards. These Standards
consist of three parts. The first part defines designated uses. All waters have at least the basic
four uses: fish and aquatic life, recreation, irrigation, and livestock watering and wildlife. The
second part establishes the general water quality criteria needed to protect those uses. The third
part is the antidegradation statement, which protects existing uses of all surface waters as
established under the Act and strictly regulates authorization of degradation in high quality
waters.

Various regions in Tennessee have distinct water quality and biotic characteristics. This makes it
necessary to develop criteria specific to unique regions. The ecoregion framework provides a
structure for the state to set water quality standards and criteria that vary with the natural
background of the land. The framework describes water quality differences across the state.
Streams and rivers reflect the land they drain thereby resulting in different water quality patterns.
These patterns are affected by terrestrial characteristics such as bedrock, geology, soils,
hydrology, wildlife, physiography, vegetation and precipitation. Level III Ecoregions cover
thousands of square miles and contain large areas of naturally unique variability. In order to
group biological, physical, and chemical characteristics of similar streams within the same
geographic area, it is necessary to sub-regionalize the Level III ecoregions into smaller Level IV
ecoregions (subregions). Tennessee’s 25 subregions delineate areas of different terrestrial and
water quality patterns.

In order to understand physical, chemical, and biological quality in subregions, it was necessary
to establish reference sites. These sites were located on streams that were relatively undisturbed



and had minimal impact. They were also typical of other streams in the subregion they drained.
Data collected from reference sites will be used in establishing attainable water quality standards
and acceptable biocriteria. Reference data will also be used to facilitate watershed planning,
compute waste load allocations, supplement total maximum daily loading calculations, locate
monitoring and special study sites, and help identify management practices that would protect
stream health and the adjacent terrestrial community.

1.21 Biocriteria Development

In order to assess biological integrity, biocriteria need to be developed. Biocriteria describe the
optimal biological health of aquatic communities inhabiting waters designated for aquatic life
use. Biological health is measured by community structure, species richness, abundance, trophic
composition, tolerance to pollutants or other applicable indices. To establish values that are
representative and attainable of actual background conditions, data must be collected from least
impacted, minimally disturbed reference streams that are typical of a subregion. Therefore,
reference sites needed to be identified and monitored to establish the baseline reference condition
from which biological criteria could be developed.

EPA’s Region IV Biocriteria Program Support Document (EPA 1992b) provided guidance in
establishing reference sites and sampling strategies to document representative aquatic
communities (Table 1). Sound methods combined with multiple data points provide meaningful,
protective, and scientifically defensible data to describe the expected health of biological
communities in reference streams. Tennessee has accomplished steps 1 through 7 as outlined in
this document. Development and application of biocriteria (steps 8 through 11) are currently
underway.

Table 1 Biocriteria Implementation Guidelines
EPA Region IV Biocriteria Program Support Document (1992b)

Select a regionalization scheme and refine ecoregions/subregions
Select candidate unimpacted/relatively unimpacted reference watersheds
Scout and select relatively unimpacted reference sites
Choose biological communities, physical habitats and chemical parameters for
sampling
Document sampling protocols and QA/QC procedures
Select an appropriate array of biological metrics for evaluation
7. Sample reference sites to establish variability and statistical bounds for biological,
physical habitat, and chemical parameters
Develop scoring criteria for metrics (e.g., % comparability to reference)
9. Establish condition categories for aquatic ecosystems based on severity of
impairment
10. Test applicability at a wide variety of impacted sites
11. Adopt numerical biological criteria in state standards

PO =
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1.22 The Ecoregion Framework and Watersheds

Watersheds drain ecoregions and subregions. Depending on size, many subwatersheds are
contained within an ecological subregion. Comparisons can be made between watersheds, or
parts of watersheds, that are contained within the same subregion. Large river systems tend to
flow across several subregions and reflect a composite of the water quality characteristics of the
subregions they drain. Subregions provide more uniform units of area to inventory, monitor, and
assess surface waters than the commonly used USGS hydrologic unit frameworks alone.

EC066GO05 Little River, upstream of Elkmont, GSMNP, Blount Co.



2. METHODS
2.1 Delineation Process

In 1986, James Omernik, NHEERL, delineated 76 Level III ecoregions in the contiguous United
States on a map scale of 1:3,168,000. Each ecoregion was assigned a unique number. Portions
of 8 ecoregions covered Tennessee. Due to the high diversity and complexity of these
ecoregions, it was necessary to refine and subdivide the ecoregions into subregions. In 1994,
WPC initiated an Ecoregion Delineation and Reference Site Selection Project in cooperation with
the USEPA Region IV, and James Omernik and Glenn Griffith, NHEERL. The first step in the
project was to refine Level III ecoregions and delineate Level IV ecoregions (subregions).

During the delineation process, small to medium scale (1:250,000 to 1:1,000,000) mapped
information was gathered. These maps contained information on bedrock and surface geology,
soil, hydrology, physiography, topography, precipitation, land use and vegetation. Interagency
cooperation widened the base of maps, information, and resources available to delineate
subregions. The USDA Natural Resources Conservation Service provided STATSGO maps
based on county soil surveys. Draft maps of the US Forest Service’s framework of ecological
units were also utilized. The USGS EROS Data Center produced maps from composites of
multi-temporal Advanced Very High-Resolution Radiometer (AVHRR) satellite data to assess
physical boundaries and regional differences.

Water quality information from Tennessee’s 1994 305(b) Report and reports developed by the
Tennessee Valley Authority provided patterns of surface water quality. Much of this information
was digitized to produce draft maps of ecoregion and subregion boundaries. The maps were
revised after review in subsequent meetings with state, federal, and academic representatives. A
more detailed description of the delineation process in Tennessee is found in the EPA document
Ecoregions of Tennessee (EPA/600/R-97/022).

Multiple agencies were invited and represented at one of three ecoregion meetings held during
1994-1995. Attendees included aquatic biologists, ecologists, foresters, chemists, geographers,
engineers, university professors, and regulatory personnel (Table 2). The judgment of these
experts was applied throughout the selection, analysis, and classification of data to determine the
final ecoregion and subregion boundaries in Tennessee.



Table 2. Agencies Represented at Ecoregion Meetings

Tennessee Department of Environment &
Conservation

Tennessee Valley Authority

Tennessee Department of Agriculture

Tennessee Aquarium

Tennessee Department of Health

Tennessee Conservation League

Tennessee Department of Transportation

Tennessee Environmental Council

Tennessee Planning Office

Tennessee Scenic Rivers Association

Tennessee Division of Geology

The Nature Conservancy

Tennessee Division of Forestry

Middle Tennessee State University

Tennessee Wildlife Resources Agency

Austin Peay State University

EPA Region IV — Water Management Division

Metro Nashville Water Services

EPA Region IV — Environmental Services
Division

Corps of Engineers — Nashville
District

US Fish and Wildlife Service

Great Smoky Mountains National Park

US Geological Survey

USDI, National Biological Survey

Mississippi Department of Environmental Quality

USDA — Forestry Service

Georgia Department of Natural Resources

2.2 Data Requirements

To describe the physical, chemical, and biological condition of subregion reference sites, it was
necessary to define the type of data needed. Achieving this goal involved the following steps:

Determine reference condition through intensive monitoring of regional reference streams.
e Determine a list of parameters and detection limits needed to make decisions on water
quality.
Develop Standard Operating Procedures (SOP) for field collections and sample analyses.
e Develop a Quality Assurance/Quality Control (QA/QC) strategy for sample collection and
analyses.
Train field personnel
e (ollect a minimum of three years of data to determine seasonal influences and provide a
sufficient statistical database
Collect chemical samples quarterly and macroinvertebrate samples biannually.
e (Centralize chemical and biological analyses to maximize consistent and efficient use of
time, manpower and results.
e Review results to formulate general water quality, aquatic community structure, and habitat
data ranges at reference sites.
e Summarize general findings.

It was anticipated that reference site monitoring would be long term and that changes in reference
site selection, plus collection and sampling methodologies could occur over time.



2.3 Candidate Reference Site Identification

The next step in the ecoregion delineation process was the search for a set of reference streams.
Mapped information, stream survey data, and shared field expertise were essential elements in
locating candidate reference sites. In 1995, Glenn Griffith (NHEERL) compiled all available
information to produce a statewide list of 231 potential reference sites.

The reference streams were chosen to represent the best attainable conditions for all streams with
similar characteristics in a given subregion. Reference condition represents a set of expectations
for physical habitat, general water quality, and the health of biological communities in the
absence of human disturbance and pollution. Selection criteria for reference sites included
minimal impairment and representativeness.

Activities that alter the natural landscape may also impact water quality. These activities may
include land development, point source discharges, nonpoint source runoff, riparian destruction
and erosion. Most of the reference streams had some degradation, but were less impacted than
other streams in the same region. Representativeness meant reference sites had the same
characteristics and conditions as the majority of streams in the subregion. Streams that did not
flow across subregions were targeted so the unique characteristics of each subregion could be
identified.

Site evaluation required field visits by experienced biologists to screen each candidate stream. A
set of guidelines developed by Alabama and Mississippi (1994) were used as the basis for field
reconnaissance. Potential sites were rated as to how well they met the following criteria:

o The entire watershed was contained within the subregion.

e The watershed was mostly or completely forested (if forest was the natural vegetation
type) or has a typical land use for the subregion The watershed may be contained within
a National Forest, State Refuge or other protected area.

e The geologic structure and soil pattern was typical of the region.

e The watershed did not contain a municipality, mining area, permitted discharger or any
other obvious potential sources of pollutants, including non-regulated sources.

e The watershed was not heavily impacted by nonpoint source pollution.

e The stream flowed in its natural channel and had not been recently channelized. There
were no flow or water level modification structures such as dams, irrigation canals or
field drains.

e No power or pipelines crossed upstream of the site.

e The watershed contained few roads.

Experienced field biologists conducted the initial site evaluations. Abbreviated
screenings of the benthic community focusing on clean water indicator species were
conducted at each potential site. Measurements of dissolved oxygen, pH, conductivity
and water temperature were taken. Habitat assessments were also conducted. The



upstream watershed was investigated for potential impacts. Photographs were taken at
most sites. Obviously impacted streams were dropped from consideration.

During field reconnaissance, an additional 122 sites were added to the original candidate
list of 231 sites proposed for consideration. One hundred and thirty nine sites were
dropped due to observable impacts during the initial field reconnaissance, therefore, 214
sites were left for consideration. The name and location of all sites under consideration
can be found in Appendix A.

The original goal was to select three final reference sites per subregion. This was
determined as the minimal number necessary to generate a statistically valid database.
Three streams could not always be located in smaller subregions. A total of 70 candidate
reference sites were selected by August 1996 for intensive monitoring.

2.4 Quality Assurance/Quality Control

The primary goal in data gathering was to maintain consistency, reliability, accuracy, and
completeness of the data collected. All aspects of data acquisition, from field collection to
laboratory processing and data analysis, were subject to QA/QC. This was accomplished through
training, protocol guidelines, standard operating procedures, comprehensive field documentation,
sample logging and duplicate sampling. Investigators with a scientific background and
experience in field collection methods, stream ecology, and water quality performed all stream
surveys. To ensure consistent, accurate, and reliable data collection and assessment, personnel
performing stream survey work were trained in a uniform method. Training activities are
outlined in Table 3.

Table 3. Field Training

Workshop Objective Date
Habitat Assessment Develop a Tennessee SOP, update current August
and Bioassessment protocols based on 1989 EPA RBP. 1994

Chemical Sampling Develop a chemical sampling SOP based on a July 1996
modified version of EPA Clean Techniques.
Develop standard QA/QC procedures.

Stream Habitat, Update habitat assessment protocols based on March
Bioassessment and revised EPA RBP. Discuss Tennessee specific 1998
Metrics macroinvertebrate metrics.

To achieve consistency throughout the project, it was necessary to update and compile existing
regionalized bioassessment protocols into a unified standard operating procedure manual. This
manual was an essential part of the QA/QC program because it documented methodologies for
habitat assessments, stream characterization, macroinvertebrate collection, sample processing
and data reduction.



In November 1994, a Habitat Assessment and Bioassessment workshop was conducted in
Tennessee under the guidance of Michael Barbour, Tetra Tech Inc. Attendees were primarily
Tennessee State biologists with representatives from federal agencies and adjacent states within
EPA Region IV. By consensus, the major goal of the workshop was to obtain “The most quality
data for the least amount of effort”. Participants addressed development of consistent habitat
assessments, as well as fish and macroinvertebrate sampling protocols for Tennessee agencies
that would be compatible with methods used by adjacent states. Technical issues included
updating and refinement of current methods, defining reference conditions, collecting
representative samples (standard field sampling methodologies), identifying source and cause
(habitat impairment versus water quality), and accounting for seasonal effects.

The workshop laid the groundwork for a written set of Tennessee Standard Operating Procedures
(TNSOP). The TNSOP was based on the 1989 EPA document: Rapid Bioassessment Protocols
for Use In Streams And Rivers - Benthic Macroinvertebrates And Fish (Plafkin et al.). Minor
changes to the Rapid Bioassessment Protocol III — Macroinvertebrates, resulted in a modified
RBP III for Tennessee collections. The workgroup also reviewed and adopted habitat assessment
forms designed by Barbour and Stribling (draft, 1994). The Tennessee Valley Authority (TVA)
and Tennessee Wildlife Resources Agency (TWRA) modified the 1989 EPA fish protocols (RBP
V) to more appropriately assess fish communities specific to Tennessee.

In 1995, the draft document Tennessee Biological Standard Operating Procedures Manual:
Volume I: Freshwater Aquatic Macroinvertebrates; Volume II: Fish Communities (TNSOP) was
released for review. It was finalized in 1996. In 1997, EPA released the draft EPA publication:
Revisions to Rapid Bioassessment Protocols for Use in Streams and Rivers.: Periphyton, Benthic
Macroinvertebrates, and Fish (Barbour et al.). Portions of this updated manual were
immediately adopted for use. The TNSOP was updated again in 1998 with adoption of
Tennessee specific macroinvertebrate stream habitat and biometrics provided by a contractor
(Tetra Tech Inc.). Field training was an ongoing process as sampling protocols were modified
and updated. Training allowed immediate modification of field procedures as new protocols and
EPA guidelines were adopted.

The 1996 Tennessee Standard Operating Procedures were followed for all macroinvertebrate
collections during the ecoregion project. Bioassessment methods used by each team included
habitat assessment, stream characterization, field measurements and single habitat semi-
quantitative macroinvertebrate collections. All field parameters (dissolved oxygen, pH,
conductivity and water temperature) were taken with calibrated Hydrolab or YSI meters.
Calibration logs were kept on all meters. Minimally, ten percent of all readings were duplicated.
Flow measurements were taken along transects with calibrated Marsh-McBearny flow meters.

To insure consistency in chemical collections, WPC developed a surface water sampling
document titled Standard Operating Procedure for Modified Clean Technique Sampling
Protocol. This document was based on EPA’s guidance document: Method 1669: Sampling
Ambient Water for Trace Metals at EPA Water Quality Criteria Levels and Appendix C:
Guidance Concerning the Use of “Clean Techniques” and QA/QC when Measuring Trace
Metals (EPA821-R-95-034). Field training was conducted to ensure that all water quality
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samples were collected in a uniform and consistent manner to minimize possible sample
contamination. Two samplers were present during collections with only one handling the sample
while the other filled out paperwork and handled equipment. Both samplers wore a new set of
disposable gloves at each site. Sample bottles were double bagged, placed in clean coolers and
delivered directly to the lab by the samplers. Ten percent of chemical collections had duplicate
samples, field blanks and trip blanks taken.

Documentation was critical in the data gathering efforts. It provided the information needed to
duplicate collection efforts to ensure reproducible results. Any unavoidable deviations from
protocol were documented. Field forms and sample tags contained all necessary information.
Field equipment maintenance and calibration was documented in logbooks to ensure that the
results generated were accurate. Chain of custody was maintained on all chemical and biological
samples.

Extensive quality assurance techniques were implemented during sample processing and
reporting. All chemical and biological samples were processed at the state’s laboratory to insure
consistency. Unique log numbers were assigned to all samples for tracking purposes. A random
ten percent of all biological samples were re-sorted and re-identified by a second taxonomist. At
minimum, a 90% sorting efficiency and 95% identification accuracy was maintained by all
taxonomists. Chemical and biological results underwent extensive data review, verification, and
documentation. All data entries were verified.

Voucher collections containing representatives of all taxa found in that subregion were created
for each of the 25 subregions. A master reference collection containing a representative of every
taxa collected during the study was also created. All taxa in the master reference collection were
sent to outside experts for verification. The voucher collections and master reference collection
are maintained at the state laboratory. Partial reference collections were sent to each field office.

2.5 Habitat Assessment

2.50 Habitat Assessment Forms

Habitat assessments were conducted each time a site was sampled to document changes in
habitat structure and availability over the three-year period. Good habitat quality is essential for
a diverse macroinvertebrate assemblage. Degraded or altered habitat usually results in a stressed
benthic community. Lack of good habitat can sometimes mask the effects of water quality
problems such as toxicity or pollution.

Habitat assessment protocols developed by Barbour and Stribling (1994) were used at the
beginning of the study. The protocols assessed riparian and in-stream habitat that could affect
the structure of the macroinvertebrate community. This method assigned numeric values ranging
from 1 to 20 for ten different habitat parameters. A total score of 200 was optimal. Two
different forms were used depending on stream type (riffle/run or glide/pool).
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In 1998, revised Habitat Assessment forms and protocols from the draft 1997 EPA manual were
presented to state biologists in a bioassessment workshop. These were updates of the Barbour
and Stribling forms (draft, 1994) designed to assess high gradient (riffle/run prevalent) and low
gradient (glide/pool prevalent) streams. They were reviewed and adopted for immediate use.
Habitat parameters and scoring criteria in the revised edition were compatible with the 1994
forms, so scores could be compared over time. Copies of the current habitat assessment forms,
including scoring criteria, are located in Appendix C. Scoring criteria used in the habitat
assessment evaluations are presented in Table 4.

Table 4: Habitat Assessment Parameters

Riffle/Run (High Gradient) Glide/Pool (Low Gradient) Streams
Epifaunal Substrate/Available Cover Epifaunal Substrate/Available Cover
Embeddedness Pool Substrate Characterization
Velocity/Depth Regime Pool Variability

Sediment Deposition Sediment Deposition

Channel Flow Status Channel Flow Status

Channel Alteration Channel Alteration

Frequency of Riffles (or Bends) Channel Sinuosity

Bank Stability Bank Stability

Vegetative Protection Vegetative Protection

Riparian Vegetative Zone Width Riparian Vegetative Zone Width

2.51 Stream Survey Form

A stream survey form (Appendix C) was also completed during each sampling event to provide
additional information not documented in the habitat assessment. This form evolved over the
course of the study (originally called Biological Data Sheet), but the essential information
remained consistent. The form provided information on site location, physical/chemical
parameters, watershed characteristics, sample point characteristics, physical stream
characteristics, substrate type, sampling methods and included a stream sketch.

2.6 Macroinvertebrate Monitoring

2.60 Field Collections

Macroinvertebrate sampling at the reference sites began August 1996. Collection methods
followed the 1996 TN SOP. Collections were planned to coincide with low flow (mid-August to
mid-October) and high flow (mid-March to mid-May) periods to capture possible seasonal
changes in the aquatic community. Six consecutive sampling events occurred over the first three
years resulting in three late spring (high flow) and three late summer (low flow) collections by
spring 1999. Subsequent monitoring will take place in conjunction with watershed monitoring.
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Field teams from the Tennessee Department of Environment and Conservation (TDEC), and
Tennessee Department of Health (TDH), participated in macroinvertebrate collections. All staff
had experience and training in stream survey work including macroinvertebrate collection and
identification methods.

The 1996 TNSOP macroinvertebrate sampling protocol followed a single habitat approach.
Semi-quantitative samples were collected from the most productive habitat (either riffle or
undercut bank). In streams containing riffle areas, two riffle kicks were collected using a 1 m?,
500 micron mesh kick net. One 1m? kick was collected in fast moving water, and a second 1m”
kick was collected from slower moving water flowing over a riffle. The two kicks were
composited and preserved in the field. In non-riffle streams, semi-quantitative samples were
collected with a 500 micron mesh A-framed dip net. Three 1 meter sweeps were collected from
different areas of the stream banks, composited, and preserved in the field. All samples were
sent to the state lab for sorting and identification.

Qualitative samples were collected in all available microhabitats during the first two sampling
events. Collections made in each microhabitat were kept separate. Representative organisms
were picked from the debris or substrate in the field. The taxa were preserved and sent to the
state lab for identification. Qualitative collections were dropped after the first year (2 sampling
episodes) in an effort to save field time and laboratory costs. Data were not used in metric
development due to inconsistency in collecting techniques between field teams. Semi-
quantitative sampling continued for an additional two years. A detailed description of the
sampling protocol can be found in the 1996 TN SOP.

2.61 Laboratory Processing of Macroinvertebrate Samples

All macroinvertebrate samples were processed by experienced taxonomists at the central
laboratory facility. Use of a centralized group ensured consistency, accuracy and efficiency in
sorting, subsampling, identification, data entry and data reduction efforts. The late summer 1996
macroinvertebrate samples were subsampled by combining the entire sample in a 28 grid pan.
Grids were selected until a minimum of 200 organisms were collected. If more than 200
organisms were found in the first grid, all individuals were counted. Samples collected after
1996 followed the subsampling protocol presented in the draft 1997 EPA manual. The sample
was continuously subsampled in groups of 4 or more grids until a 200 (+/- 20%) sample was
achieved. A ratio was taken on the 1996 data to make them comparable to a 200 organism
subsample. Organisms were picked from the debris under a dissecting microscope by a
taxonomist. Ten percent of all samples were re-sorted by a second taxonomist. All staff
maintained a minimum 90% sorting efficiency.

Taxa were identified to the genus level by experienced taxonomists. Ten percent of all samples
were re-identified by a second taxonomist. A 95% accuracy rate was maintained. Voucher
collections containing representatives of all taxa found in that subregion were made for each of
the 25 subregions. A master reference collection containing a representative of every taxa
collected during the study was also created. All taxa in the master reference collection were sent
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to outside experts for verification. Partial reference collections, containing regional taxa, were
sent to each field office.

The first year of macroinvertebrate data (late Summer 1996 and late Spring 1997) were sent to
Dr. Michael Barbour and Jeffrey White, Tetra Tech Inc. They provided a compilation of
biological and habitat data, evaluated sampling methodology, recommended metrics for
evaluating biota, and proposed index ranges based on gear type.

2.7 Water Quality Monitoring

In 1996, WPC developed a surface water sampling document, Standard Operating Procedure for
Modified Clean Technique Sampling Protocol. This document was based on EPA’s guidance
document: Method 1669: Sampling Ambient Water for Trace Metals at EPA Water Quality
Criteria Levels EPA821-R-95-034. Field staff in WPC, DOE-O, and TDH participated in a
training workshop to ensure that equipment handling, field measurements, and surface water
sampling techniques were consistent and accomplished with minimal contamination.

A parameter list was compiled at the initiation of the ecoregion project (Table 5). The list
included ambient parameters that have been historically sampled. All parameters were collected
at each reference site during the first season of sampling. To reduce costs, cyanide, mercury,
sulfate, chloride and nickel were dropped when preliminary analyses showed little or no
detection statewide for these parameters. Apparent color, true color, E. coli and enterococcus
were added during the final year of the project. Low detection limits were selected to maximize
the ability to quantify analytes.

Physical measurements and chemical and bacteriological sample collections began in the spring
of 1996. Initially, water samples were collected quarterly for three consecutive days. This
design was used to determine background consistency and repeatability of the sample collections
provided field conditions remained unchanged. Since 1997, surface water samples were
collected one day each quarter.

Chemical and bacteriological samples were collected in accordance with WPC’s Standard
Operating Procedure for Modified Clean Technique Sampling Protocol. Two trained field staff
were present during all collections. Only one collector handled the sample (clean hands) while
the other filled out paperwork and handled equipment (dirty hands) to reduce the possibility of
cross contamination. Both samplers wore a new set of disposable gloves at each site. All sample
bottles were double bagged, placed in clean coolers with ice and delivered directly to the lab by
the samplers. Chain of custody was maintained at all times. Ten percent of all water quality
collections had duplicate samples, field blanks and trip blanks taken.

Flow, dissolved oxygen, conductivity, pH and water temperature readings were measured in the
field concurrent with chemical/bacteriological sampling. All readings were taken with calibrated
meters. Calibration logs were maintained for each meter. Readings were taken midstream. At
minimum, ten percent of all field readings were duplicated.

14



Chemical and bacteriological analyses was performed at the state laboratories in the Tennessee
Department of Health Labs located in Jackson, Nashville and Knoxville Tennessee. All three
labs were under central direction and followed EPA approved methodologies and quality

assurance protocols.

Table 5: Chemical and Bacteriological Parameters, Ecoregion Project, Tennessee, 1996-99

Database Detection

Parameter Abbreviation Units Limit Comments
Alkalinity Alk mg/L 1

Ammonia Nitrogen as NH3 Amm n mg/L 0.02

Arsenic, As As ug/L 1

Cadmium, Cd Cd ug/L 1

Chlorides Chlor mg/l 0.5] Dropped Oct 96
Chromium, Cr Cr ug/L 1

Color, Apparent Color A PtCoU 3 Added Jan 98
Color, True Color T PtCoU 3 Added Jan 98
Conductivity Cond|UMHOS @25°C 0

Copper, Cu Cu png/L 1

Cyanide, CN CN png/L 0.005] Dropped Oct 96
Dissolved Oxygen DO mg/L 0

E. Coli E coli cfu/100 ml 0 Added Jan 98
Fecal Coliform F Col cfu/100 ml 0

Enterococcus Enter cfu/100 ml 0 Added Jan 98
Iron, Fe Fe ug/L 25

Lead, Pb Pb png/L 1

Manganese, Mn Mn ug/L 5

Mercury, Hg Hg png/L 0.2] Dropped Oct 96
Nickel, Ni Ni png/L 10] Dropped Oct 96
Nitrate + Nitrite NO2 NO3 mg/L 0.01

pH pH Standard Unit 0

Residue Dissolved Res Diss mg/L 10

Residue, Suspended Res Sus mg/L 10

Sulfates SO4 mg/L 2| 69d and 68a only
Temperature Temp °C 0

Total Hardness Hard mg/L 1

Total Kjeldahl Nitrogen TKN mg/L 0.1

Total Organic Carbon TOC mg/L 1

Total Phosphorus TP mg/L 0.004

Turbidity Turb NTU 0.1

Zinc, Zn /n png/L 1
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3 RESULTS

The purpose of this section is to summarize data generated during the three-year study.
Additional documents will contain more detailed analyses and interpretation, including data
collected after the end of the study in 1999. Recommendations for regional biocriteria and
refinement of water quality criteria may be presented in the next series of reports.

3.1 Level III and Level IV Tennessee Ecoregions

Twenty-five Level IV ecoregions were defined within the eight Level III ecoregions in Tennessee
(Table 6). Some subregions contain unique benthic communities and water quality parameters.
Preliminary analyses indicate some subregions are uniform enough to be combined, while others
are unique enough to be kept distinct. The data generated from this study will be used to
determine which regions can be combined for stream monitoring purposes. The data will
establish expected biotic and water quality ranges for different regions. A more detailed
description of the characteristics of each Level III and Level IV ecoregion can be found in
Appendix A.

ECO69DO01 No Business Branch Hwy 25 near Morley, Campbell Co
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Table 6: Ecoregions of Tennessee

Ecoregion (Level I1I) % of State | Subregion (Level IV) %of State
65 Southeastern Plains 12.1% 65a Blackland Prairie 0.1%
65b Flatwoods/Alluvial Prairie Margins 0.08%
65e Southeastern Plains and Hills 10.9%
651 Fall Line Hills 0.02%
65j Transition Hills 1.0%
66 Blue Ridge Mtns 6.0% 66d Southern Igneous Ridges and Mtns 0.6%
66e Southern Sedimentary Ridges 1.9%
66f Limestone Valleys and coves 0.3%
66g Southern Metasedimentary Mtns 3.2%
67 Ridge and Valley 18.2% 67f Southern Limestone Dolomite 12.6%
Valleys and Low Rolling Hills
67g Southern Shale Valleys 3.4%
67h Southern Sandstone Ridges 0.8%
671 Southern Dissected Ridges and 1.4%
Knobs
68 Southwestern 11.4% 68a Cumberland Plateau 7.6%
Appalachians
68b Sequatchie Valley 0.6%
68c Plateau Escarpment 3.3%
69 Central Appalachians 2.1% 69d Cumberland Mountains 2.1%
71 Interior Plateau 37.4% 71e Western Pennyroyal Karst 2.0%
71f Western Highland Rim 13.9%
71g Eastern Highland Rim 6.9%
71h Outer Nashville Basin 10.5%
711 Inner Nashville Basin 4.0%
73 Mississippi Alluvial 2.0% 73a Northern Miss. Alluvial Plain 2.0%
Plain
74 Mississippi Valley 10.7% 74a Bluff Hills 1.1%
Loess Plains
74b Loess Plains 9.6%

3.2 Reference Sites

Changes in candidate reference sites occurred throughout the life of the project. Out of
the original 70 sites selected for intensive monitoring, nine were dropped when intensive
monitoring revealed impacts. Four subregions (65a, 651, 67h, 671) were dropped after
initial monitoring due to their insignificant area in the state and/or the lack of unimpaired
streams. Twenty-six sites were added either to replace dropped sites or to provide
additional sites in larger or more diverse subregions. Since these streams were added
after initiation of the project, three years of data are not available. The decision to drop or
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add streams was done at the field office level. By the end of the project, there were 73
sites being monitored (Table 7). These sites, as well as any new streams that may be
found, will continue to be monitored on a five-year rotation in conjunction with
watershed monitoring. A list of all candidate and final reference sites is provided in
Appendix B.

Table 7: Total Reference Sites by Subregion

Ecological # Stations # Stations Stations Changed
Subregion Fall 96 May 99
65a 2 0 2 dropped
65b 2 1 1 dropped
65¢ 3 5 2 added
651 2 0 2 dropped
65j 3 4 1 added
66d 2 3 1 added
66¢ 3 3 No change
66f 2 1 1 dropped
66g 3 4 2 added, 1 dropped
67 (level III) 1 3 2 added
67f 4 6 3 added, 1 dropped
67¢g 2 1 1 dropped
67h 3 0 3 dropped
671 2 0 2 dropped
68a 5 8 4 added, 1 dropped
68b 2 3 1 added
68¢ 2 2 1 added, 1 dropped
69d 3 5 2 added
7le 2 2 1 added, 1 dropped
71f 6 6 1 added, 1 dropped
T1g 3 4 2 added, 1 dropped
71h 4 3 1 dropped
711 3 2 1 dropped
73a 1 3 3 added, 1 dropped
74a 2 3 1 added
74b 3 3 No change

3.3 Statistical Design:

Box plots were used to evaluate habitat, biological and water quality variations between
reference sites and ecoregions. A box plot is a graph that displays the 10", 25", 50", 75" and
90™ percentiles of a variable. The plot is composed of a central box divided by a line, and two
lines extending out from the box called whiskers. The box contains the middle half of the scores
in the distribution. The length of the box indicates the distribution of the middle 50% of the data.
The lower and upper hinges of the box mark the 25th and 75th quartiles of the data respectively.
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The line through the box represents the sample median. Boxes in which the median does not fall
near the middle of the box represent skewed data. The whiskers represent the 10™ and 90"
percentiles. Whisker length corresponds to the spread of the data. Outliers are points that fall
outside of the 90™ (10"™) percentile. Outliers are a common occurrence in environmental data.

Box plots are useful because they allow direct side-by-side comparison of data from several
groups within a single figure. Each box plot graphically illustrates the central tendency (median;
center of the data), variability (interquartile range; spread of the middle 50% of the data),
minimum and maximum values (the full range) of a data set as a single icon (picture). The
relationship between the data sets is shown by the amount of overlap of the median and
interquartile between boxplots. When the median and interquartile ranges overlap, the data sets
are very similar. When the median and interquartile ranges do not overlap, the data sets are very
different. For summarization purposes in this report, data groups were determined to be
statistically different when the median and interquartile ranges did not overlap. More rigourous
statistics will be used to determine significant difference during metric development in
subsequent documents.

3.4 Habitat Assessment

Habitat scores varied significantly between Level III ecoregions (Table 8 and Figure 2).
As expected, streams in the Blue Ridge Mountains (66) generally had higher scores than
other regions. Many of the reference streams in this region have protected watersheds.

The most western of the Tennessee ecoregions encompassing the Mississippi Alluvial
Plains (73) and the Mississippi Valley Loess Plains (74) had the lowest scores. Most of
the streams in these regions are low gradient with sandy bottoms. Large areas of cropland
dominate both regions. Stream channelization and riparian loss combined with erosion
are prevalent in most watersheds in these two regions. Although reference streams were
selected for least impairment, all were impacted to some extent.

There were also differences in habitat availability at the subregional level (Level IV) in
many ecoregions. Within the Southeastern Plains (65), the Transition Hills (657) had
consistently high scores (Figure 3). The higher gradient cobble-bottom streams in this
area are atypical of the rest of the ecoregion. On the other hand, the Blackland Prairie
(65a) covers a very small area in Tennessee. Only a few streams are found in this region.
This narrowed the reference stream possibilities, which required the selection of relatively
impaired streams. This resulted in lower habitat scores in this subregion than in the
surrounding regions. Habitat scores from 65a reference sites will be compared to data
from other states that have larger areas in 65a to determine if values are typical. If scores
are atypical, subregion 65a will be evaluated at the larger ecoregion level.

Within the Blue Ridge Mountains Region (66), the Southern Igneous Ridges and

Mountains (66d) had the highest and most consistent habitat scores (Figure 4). As
expected, the most variability and lowest scores in this ecoregion were observed in the
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Limestone Valleys and Coves (66f). This subregion is the most developed within the
Blue Ridge Mountains.

The Southern Shale Valleys (67g) of the Ridges and Valleys ecoregion had low habitat
scores compared to the Southern Limestone/Dolomite Valleys and Low Rolling Hills
(67f) and the Southern Sandstone Ridges (67h). This would be expected, since land use
in the southern shale valleys is heavily agriculture. Due to the lack of suitable streams,
only two streams, both of marginal reference quality, were targeted for monitoring. The
Southern Dissected Ridges and Knobs (671) had the lowest overall scores in the subregion
(Figure 5). It is generally atypical for wooded ridges to have lower scores than more
developed valley areas. The data for these subregions may be misleading since it is based
on only 2 reference streams, with one having significantly lower habitat quality. The low
scoring parameters were embeddedness, sediment deposition and riparian width.

Within the Southwestern Appalachians (68), streams in the Cumberland Plateau (68a)
had the highest habitat quality (Figure 6). The heavily developed Sequatchie Valley (68b)
had relatively low habitat scores with a mean value of 142. The Plateau Escarpment
(68c) fell between these two subregions.

A marked difference was seen between subregional habitat scores in the Interior Plateau
(71). The Inner Nashville Basin (711) had significantly lower scores than other
subregions in the Interior Plateau (Figure 7). Streams in this region naturally have poor
habitat due to bedrock substrate and extreme seasonal flow variation. There is much
urban development in this region, which makes selection of unimpaired streams difficult.

Although they contain different stream types, habitat scores between the Bluff Hills (74a)
and the Loess Plains (74b) in the Mississippi Valley Loess Plains were comparable
(figure 8). The Bluff Hills streams are gravel bottom riffle streams with a relatively high
gradient. Riffle/Run parameters were used to assess the habitat quality. The Loess Plains
are lower gradient streams that were assessed using glide/pool parameters. Both
subregions have a great deal of human impact as reflected in the low habitat scores. The
biggest problems are sedimentation and loss of riparian. The habitat scores for each
station are presented in Appendix D.
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Table 8: Habitat Assessments by Subregion

Subregion | Habitat Type No. of No. of Score Mean
Stations Observations | range Score

65a Glide/Pool 2 7 71-151 88
65b Glide/Pool 2 9 108-162 126
65e Glide/Pool 6 34 123-181 150
651 Glide/Pool 3 9 108-154 130
65j Riffle/Run 4 25 151-195 178
66d Riffle/Run 5 19 181-199 194
66¢ Riffle/Run 5 15 158-200 189
66f Riffle/Run 4 14 165-197 182
66g Riffle/Run 5 26 163-197 185
67f Riffle/Run 9 28 139-196 178
67¢g Riffle/Run 4 11 138-167 155
67h Riffle/Run 3 10 136-180 166
671 Riffle/Run 2 5 120-164 143
68a Riffle/Run 9 39 139-194 177
68b Riffle/Run 3 15 96-166 142
68c Riffle/Run 5 22 153-182 166
69d Riffle/Run 5 25 130-189 174
71e Riffle/Run 4 19 135-173 154
71f Riffle/Run 7 48 129-178 161
71g Riffle/Run 5 25 124-181 154
71h Riffle/Run 4 28 114-172 150
711 Riffle/Run 3 21 98-165 129
73a Glide/Pool 4 17 96-161 126
74a Riffle/Run 3 18 99-152 125
74b Glide/Pool 3 22 112-156 133
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Figure 2: Habitat Scores of Level Ill Ecoregions
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ECO74 129.7 13.8 2.2 40 99.0 156.0 129.5
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Score

Figure 3: Habitat Scores for Ecoregion 65
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Figure 4: Habitat Scores for Ecoregion 66
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Figure 5: Habitat Scores for Ecoregion 67
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Figure 6: Habitat Scores for Ecoregion 68
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Figure 7: Habitat Scores for Ecoregion 71
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ECO71g 153.6 17.9 3.6 25 124.0 181.0 157.0
ECO71h 149.7 17.1 3.2 28 114.0 172.0 154.0
ECO71i 129.4 14.5 3.2 21 98.0 165.0 129.0
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Figure 8: Habitat Scores for Ecoregion 74
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3.5 Macroinvertebrate Analyses

Biometrics were used to evaluate the macroinvertebrate community at each site.
Biometrics measure the characteristics of the biota that change in some predictable way
with increased human influence. For a metric to be useful, it must be ecologically
relevant to the biological assemblage and to program objectives. It must also be sensitive
to stressors and provide a response that can be discriminated from natural variation.

The first year of macroinvertebrate data was analyzed by Dr. Michael Barbour and Jeffery
White, Tetra Tech Inc. to develop a core set of metrics that would best fit Tennessee
macroinvertebrate community assessments. Seven metrics from four different category
types (richness, composition, tolerance and habit) were used to reflect various aspects of
the whole community. Richness metrics measure the diversity or variety of the
macroinvertebrate community. Composition metrics measure species identity and
dominance. Tolerance metrics measure sensitivity to pollution. Habit (trophic) metrics
provide information on feeding strategies or guilds.

Use of multiple metrics is the most comprehensive method to assess the health of the benthic
community. Use of a single metric can be misleading since different metrics respond differently
to various stressors. For example the % of EPT, which is generally considered an indication of a
healthy stream, may be high due to the presence of one or two nutrient tolerant taxa such as
Stenonema spp. or Cheumatopsyche spp. However, the dominance of these two EPT groups
would result in a low EPT richness and a higher NCBI indicating a stressed macroinvertebrate
community.

Barbour and White (98) combined the proposed core metrics into a preliminary stream condition
index based on stream type. The Tennessee Stream Condition Index (TSCI) was used to
compare subregions. Each of the seven metrics is given a score of 0 to 6 based on the ranges in
Table 10. The 7 scores are added for a total possible score of 42. The maximum index score
range was quadrisected by Barbour and White (98) into equal ordinal categories of:

“Very Good” 32-42
“Good” 22-30
“Poor” 12-20
“Very Poor” 0-10

The preliminary core metrics proposed by Tetra Tech were adopted in 1997 and were
used to analyze the benthic data from the entire three-year period (Table 11). Biometrics
used during the three-year project are listed in Table 9. These metrics, as well as others,
will be evaluated in subsequent documents to determine which are the most sensitive to
disturbances in the benthic community.
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Table. 9 Tennessee Preliminary Macroinvertebrate Metrics*

Expected response
Category Metric Definition to increasing
perturbation
Richness Number of taxa Measures the overall variety of
Metrics the macroinvertebrate assemblage | Number Decreases
Number of EPT Number of taxa in the insect
taxa orders Ephemeroptera (mayflies),
Plecoptera (stoneflies), and Number Decreases
Trichoptera (caddisflies)
Compositio | % EPT % of Ephemeroptera, Plecoptera,
n Metrics and Trichoptera Percent Decreases
% Chironomidae** | % Chironomidae taxa Percent Increases
Tolerance/ | % Tolerant % of all organisms considered to
Intolerance | organisms be very tolerant to perturbation Percent Increases
Metrics
NCBI The North Carolina Biotic Index,
which incorporates richness and
abundance with a numerical Number increases
rating of tolerance
Habit % Clingers % of organisms having fixed
Metric retreats or adaptations for
attachment to surfaces in fast- Number Decreases
moving water

* Table modified from Kerans and Karr (1994) in Barbour and White (1998) to illustrate
Tennessee preliminary metrics only.

Barbour’s preliminary index created scoring ranges based on stream type, regardless of
ecoregion. One problem associated with using ranges based only on stream type (riffle
run or glide pool) is that riffle streams in mountainous areas are compared to riffle
streams in valley areas. This results in very broad metric ranges. Based on subsequent
data analyses, several subregions appear to have unique benthic characteristics. An
eventual goal of this study is to develop expected ranges for each of the eight level III
ecoregions as well as any unique subregions.

The preliminary TSCI did not appear sensitive to differences between all level III ecoregions.

Benthic communities would be expected to be different at this level. The index indicated that
ecoregions 67 (Ridge and Valley), 68 (Southwestern Appalachian), and 71 (Interior Plateau) had

similar benthic communities (Figure 9). Before it is determined that these ecoregions are similar,
it will be necessary to look closer at metric selection and range determination. The use of a
combined index will also be evaluated since it tends to be less sensitive than looking at

individual metrics.
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Box and whisker plots of TSCI scores for each ecoregion that contains multiple
subregions is presented in Figures 10-15. Review of these plots indicate that at least 6
subregions have distinctly different macroinvertebrate communities from other
subregions within the same Level III ecoregion. The unique subregions are 65i (Fall Line
Hills), 65;j (Transition Hills), 67g (Southern Shale Valleys), 68a (Cumberland Plateau),
711 (Inner Nashville Basin) and 74b (Bluff Hills). These subregions will probably
warrant different index ranges to determine macroinvertebrate community health.

Using the preliminary TSCI, streams in three subregions, 651 (Fall Line Hills), 73a
(Northern Mississippi Alluvial Plain) and 74a (Bluff Hills) fell in the third quartile, which
is considered poor (Table 11). Further analysis, as well as comparisons to reference
streams in other states, is necessary to determine whether the streams selected in these
regions are the best attainable or if they are too impacted for use as reference streams. If
they are found to be useable, metric ranges will need to be adjusted in these regions. A
table of scores for each station can be found in Appendix E.

ECO74B12, Wolf River, Yager Road, Fayette County
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Table 10: Scoring Criteria for preliminary Tennessee Stream Condition Index

(TSCI)

Metric Score

6 4 2 0
Riffle/Run
Streams
Taxa Richness > 3477 23.2-34.7 11.6-23.1 <11.6
EPT Richness >13.7 9.2-13.7 4.6-9.1 <4.6
% EPT >54.0 36.1-54.0 81-36.0 <18
% Chironomidae <275 27.5-51.6 51.7-75.8 >75.8
% Tolerant <27.2 27.2-51.4 51.5-75.7 >75.7
Organisms
NCBI <44 4.4-6.2 6.3-8.1 > 8.1
% Clingers >56.6 56.6-37.8 18.9-37.7 <18.9
Glide/Pool
Streams
Taxa Richness >40.4 27.0-40.4 13.5-26.9 <13.5
EPT Richness >9.2 6.1-9.2 3.1-6.0 <3.1
% EPT >53.6 35.8-53.6 17.9-35.7 <179
% Chironomidae <26.2 26.2-50.7 50.8-75.4 >75.4
% Tolerant <348 34.8-56.5 56.6-78.2 >78.2
Organisms
NCBI <59 5.9-7.2 7.3-8.6 > 8.6
% Clingers >29.1 19.5-29.1 9.7-19.4 <9.7

* Table modified from Barbour and White (1998) to illustrate preliminary Tennessee Stream
Condition Index (TSCI) only.

32




Table 11: Preliminary Tennessee Stream Condition Index (TSCI) by Subregion

Subregion | Stream Type No. of No. of Score Mean
Stations Observations | range Score
65a Glide/Pool 2 6 18-32 24
65b Glide/Pool 2 9 12-30 25
65e Glide/Pool 6 32 18-40 29
651 Glide/Pool 3 9 14-34 20
65j Riffle/Run 4 23 18-40 31
66d Riffle/Run 5 19 26-42 38
66e Riffle/Run 5 16 30-42 39
66f Riffle/Run 4 11 34-42 38
66g Riffle/Run 5 22 30-42 38
67f Riffle/Run 9 30 10-40 33
67¢g Riffle/Run 4 11 26-36 30
67h Riffle/Run 3 9 24-40 33
671 Riffle/Run 2 6 14-40 31
68a Riffle/Run 9 33 20-42 33
68b Riffle/Run 3 13 18-42 30
68c Riffle/Run 5 14 22-38 30
69d Riffle/Run 5 21 32-42 38
71e Riffle/Run 4 15 16-36 32
71f Riffle/Run 7 36 18-40 33
71g Riffle/Run 5 18 22-40 34
71h Riffle/Run 4 19 24-38 34
711 Riffle/Run 3 14 18-36 22
73a Glide/Pool 4 16 10-20 16
74a Riffle/Run 3 17 10-32 14
74b Glide/Pool 3 20 12-40 22
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Score

Figure 9: TN Stream Condition Index (TSCI) Level Ill Ecoregions 1996-1999
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ECO65 27.8 6.6 7 79 12.0 40.0 28.0
ECO66 38.6 3.3 4 68 26.0 42.0 40.0
ECO67 32.7 5.8 7 68 10.0 42.0 32.0
ECO68 315 6.1 .8 60 18.0 42.0 32.0
EC069 37.7 3.1 7 21 32.0 42.0 38.0
ECO71 30.8 6.1 .6 103 16.0 40.0 32.0
ECO73 15.6 3.0 .8 16 10.0 20.0 15.0
ECO74 226 8.6 14 38 10.0 40.0 22.0




Figure 10: TSCI Scores for Ecoregion 65
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Figure 11: TSCI Scores for Ecoregion 66
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Figure 12: TSCI Scores for Ecoregion 67
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ECO67f 32.9 5.8 1.1 30 10.0 40.0 32.0
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ECO67h 32.7 6.6 2.2 9 24.0 40.0 34.0
ECO67i 31.3 9.4 3.9 6 14.0 40.0 33.0
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Figure 13: TSCI Scores for Ecoregion 68
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ECO68a 32.8 5.6 1.0 33 20.0 42.0 34.0
ECO68b 29.8 7.9 2.2 13 18.0 42.0 32.0
ECO68c 29.9 4.8 1.3 14 22.0 38.0 30.0
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Figure 14: TSCI Scores for Ecoregion 71
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ECO71e 28.7 6.9 1.8 15 16.0 36.0 32.0
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ECO71g 33.3 50 1.2 18 22.0 40.0 34.0
ECO71h 33.2 4.1 9 19 24.0 38.0 34.0
ECO71i 23.7 56 1.5 14 18.0 36.0 22.0
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Figure 15: TSCI Scores for Ecoregion 74

45 -
40 1
35 1
30 —’—
25 1
20
15 —e
o
10
5 -
0 - T T
ECO74a ECO74b
Descriptive Statistics
Mean Std. Dev. Std. Error Count Minimum Maximum Median
ECO74a 19.8 8.2 2.0 17 10.0 32.0 14.0
ECO74b 246 8.4 1.9 20 12.0 40.0 22.0

40




3.6 Seasonal Variation

Most subregions were not collected within a sufficient time period to determine possible
seasonal variations. Although different taxa would be expected in different seasons, the
stream condition index may not vary significantly since the overall community structure
could remain stable. It would be preferable to have a single expected range for each

metric that could be used year round.

In order to determine if there is seasonal variation, it would be necessary to collect

samples in tighter windows (6 weeks) within subregions. Ten of the 25 subregions were
collected within 6 week (42 day windows) for both summer and spring samples. These
subregions are highlighted in Table 12. They are primarily in the smaller subregions. Of

the ten subregions sampled within seasonal windows, five showed an observable

variation in TSCI scores between the summer and spring sample periods (Figures 16-25).

Table 12: Macroinvertebrate Samples by Season, TN Ecoregion Project, 1996-99

Late Summer

Subregion | Date Range| Days Date Days Window | Seasonal
Spread Range Spread Met Variation
9/8-20 13 4/15-28 14 Yes Possible
65b 9/2-17 16 4/7-23 17 Yes No
65¢ 8/9-10/7 60 3/24-6/2 71 No Undetermined
651 9/9-10/7 29 4/15-4/15 1 Yes No
8/21-9/17 |28 4/20-5/9 19 Yes
66d 9/15-11/7 | 54 4/13-6/23 72 No Undetermined
66¢ 8/21-11/6 77 4/7-6/9 64 No Undetermined
66f 8/28-11/12 | 76 4/13-6/10 58 No Undetermined
66g 8/31-10/2 | 32 42 Yes Possible
67f 8/31-10/30 | 60 3/31-6/27 89 No Undetermined
67¢g 8/22-12/2 102 5/12-21 10 No Undetermined
9/5-10/9 34 4/30-5/6 7 Yes Possible
671 9/9-10/2 24 4/16-5/12 27 Yes Possible
68a 8/23-9/30 38 3/30-6/26 89 No Undetermined
68b 9/2-23 4/16-5/19 34 Yes Possible
68c¢ 8/23-9/6 15 4/14-6/3 51 No Undetermined
69d 9/1-10/3 32 3/20-5/16 57 No Undetermined
71e 8/26-10/16 | 51 5/4-6/29 56 No Undetermined
71f 8/5-10/9 65 4/21-6/7 48 No Undetermined
71g 8/26-10/10 | 45 4/23-6/16 | 55 No Undetermined
71h 8/19-10/21 | 63 4/13-6/11 60 No Undetermined
711 9/1-10/18 48 4/23-6/3 42 No Undetermined
73a 8/15-27 12 4/20-5/27 | 38 Yes No
74a 8/7-9/19 44 4/13-4/27 14 No Undetermined
74b 8/13-9/11 30 4/14-5/6 23 Yes No
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Figure 16: 65a TSCI Scores by Season
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Figure 17: 65b TSCI Scores by Season
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Figure 18: 65i TSCI by Season
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Figure19: 65j TSCI by Season
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Figure 20: 66g TSCI by season
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TSCI Score

Figure 21: 67h TSCI Scores by Season
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Figure 22: 67i TSCI Scores by Season
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Figure 23: 68b TSCI Scores by Season
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TSCI Scores

Figure 24: 73a TSCI Scores by Season
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TSCI Scores

Figure 25: 74b TSCI Scores by Season
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