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Assessing Wetland
Functions

G J

A Regional Guidebook for Applying the Hydrogeomorphic Approach to
Assessing Wetland Functions of Low-Gradient Riverine Wetlands in Western

Tennessee (ERDC/EL TR-02-6)

ISSUE: Section 404 of the Clean Water Act
directs the U.S. Army Corps of Engineers to
administer a regulatory program for permitting the
discharge of dredged or fill material in “waters of
the United States.” As part of the permit review
process, the impact of discharging dredged or fill
material on wetland functions must be assessed.
On 16 August 1996 a National Action Plan to
Implement the Hydrogeomorphic Approach
(NAP) for developing Regional Guidebooks to
assess wetland functions was published. This
report is one of a series of Regional Guidebooks
that will be published in accordance with the
National Action Plan.

RESEARCH OBJECTIVE: The objective of
this research was to develop a Regional Guide-
book for assessing the functions of low-gradient
riverine wetlands in western Tennessee in the con-
text of the 404 Regulatory Program.

SUMMARY: The Hydrogeomorphic (HGM)
Approach is a collection of concepts and methods
for developing functional indices and subse-
quently using them to assess the capacity of a wet-
land to perform functions relative to similar wet-

lands in a region. The Approach was initially
designed to be used in the context of the Clean
Water Act Section 404 Regulatory Program per-
mit review sequence to consider alternatives, min-
imize impacts, assess unavoidable project im-
pacts, determine mitigation requirements, and
monitor the success of mitigation projects. How-
ever, a variety of other potential applications for
the approach have been identified, including:
determining minimal effects under the Food
Security Act, designing mitigation projects, and
managing wetlands. This report uses the HGM
Approach to develop a Regional Guidebook for
assessing the functions of low-gradient riverine
wetlands in western Tennessee.

AVAILABILITY OF REPORT: The report is
available at the following Web site: http://www.
wes.army.mil/el/wetlands/wlpubs.html. The report
is also available on Interlibrary Loan Service from
the U.S. Army Engineer Research and Develop-
ment Center (ERDC) Research Library, telephone
(601) 634-2355, or the following Web site: http://

libweb.wes.army.mil/ index.htm.

About the Authors: Mr. Timothy C. Wilder, Tennessee Department of Environment and
Conservation. Dr. Thomas H. Roberts, Tennessee Technological University.
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1 Introduction

The Hydrogeomorphic (HGM) Approach is a collection of concepts and
methods for developing functional indices and subsequently using them to assess
the capacity of a wetland to perform functions relative to similar wetlands in a
region. The approach was initially designed to be used in the context of the
Clean Water Act Section 404 Regulatory Program permit review sequence to
consider alternatives, minimize impacts, assess unavoidable project impacts,
determine mitigation requirements, and monitor the success of mitigation
projects. However, a variety of other potential applications for the approach have
been identified, including determining minimal effects under the Food Security
Act, designing mitigation projects, and managing wetlands.

On 16 August 1996 a National Action Plan to Implement the Hydrogeomor-
phic Approach (NAP) was published (National Interagency Implementation
Team 1996). The NAP was developed cooperatively by the U.S. Army Corps of
Engineers (USACE), U.S. Environmental Protection Agency (USEPA), Natural
Resources Conservation Service (NRCS), Federal Highways Administration
(FHWA), and U.S. Fish and Wildlife Service (USFWS). Publication of the NAP
was designed to outline a strategy and promote the development of Regional
Guidebooks for assessing the functions of regional wetland subclasses using the
HGM Approach, to solicit the cooperation and participation of Federal, State, and
local agencies, academia, and the private sector in this effort, and to update the
status of Regional Guidebook development.

The sequence of tasks necessary to develop a Regional Guidebook outlined in
the NAP was used to develop this Regional Guidebook (see Development Phase).
The National Riverine Guidebook (Brinson et al. 1995) served as the starting
point for an initial workshop held at Lake Barkley State Park, KY, on 21-24 May
1996. The workshop was attended by hydrologists, biogeochemists, soil
scientists, wildlife biologists, and plant ecologists from the public, private, and
academic sectors with extensive knowledge of riverine, low-gradient forested
wetlands in western Tennessee and western Kentucky. Based on the results of
the workshop, a regional wetland subclass was defined and characterized,
reference domains in both states were defined, wetland functions were selected,
model variables were identified, and conceptual assessment models were
developed. Subsequently, field work was conducted to collect data from
reference wetlands. These data were used to revise and calibrate the conceptual
assessment models. A draft version of this Regional Guidebook was then
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subjected to several rounds of peer review and revised into the present document.
Work on the Kentucky Guidebook was completed in late 1998 and was published
as an operational draft in May 1999 as WES Technical Report WRP- DE-17.
This Guidebook is a companion document modified to make it applicable for use
in western Tennessee. The functions, assessment models, and supporting
materials are the same as in the western Kentucky Guidebook. The principal
differences in the two documents are that in this report the models are scaled
using data from western Tennessee reference wetlands and that Chapter 3 is a
description of the western Tennessee reference domain. Some minor differences
also exist in data collection procedures.

The objectives of this Regional Guidebook are to: (a) characterize the low-
gradient riverine wetland systems in the western Tennessee reference domain,
(b) provide the rationale used to select functions for the low-gradient riverine
regional subclass, (c) provide the rationale used to select model variables and
metrics, (d) provide the rationale used to develop assessment models, (e) provide
data from reference wetlands used in calibrating model variables and assessment
models, and (f) outline the necessary protocols for applying the functional
indices to the assessment of wetland functions.

This document is organized in the following manner. Chapter 1 provides the
background, objectives, and organization of the document. Chapter 2 provides
an overview of the major components of the HGM Approach and the
Development and Application Phases required to implement the approach.
Chapter 3 characterizes the Low Gradient Riverine Subclass in western
Tennessee in terms of geographical extent, climate, geomorphic setting,
hydrology, vegetation, soils, and other factors that influence wetland function.
Chapter 4 discusses each of the wetland functions, model variables, and
functional indices. This discussion includes a definition of the function, a
quantitative, independent measure of the function for the purposes of validation,
a description of the wetland ecosystem and landscape characteristics that
influence the function, a definition and description of model variables used to
represent these characteristics in the assessment model, a discussion of the
assessment model used to derive the functional index, and an explanation of the
rationale used to calibrate the index with reference wetland data. Chapter 5
outlines the steps of the assessment protocol for conducting a functional
assessment of low-gradient riverine wetlands in western Tennessee. Appendix A
is a glossary of words and terms associated with wetland assessment.

Appendix B provides summaries of functions, assessment models, variables,
variable measures, and copies of the field forms used in data collection.
Appendix C provides expanded discussions on how to measure selected
assessment variables. Appendix D contains the data collected at reference
wetlands.

While it is possible to assess the functions of low-gradient riverine wetlands
in western Tennessee using only the information contained in Chapter 5 and
Appendix B, it is suggested that potential users familiarize themselves with the
information in Chapters 2-4 prior to conducting an assessment.
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2 Overview of the
Hydrogeomorphic
Approach

As indicated in Chapter 1, the HGM Approach is a collection of concepts and
methods for developing functional indices and subsequently using them to assess
the capacity of a wetland to perform functions relative to similar wetlands in a
region. The HGM Approach includes four integral components: (a) the HGM
Classification, (b) reference wetlands, (c) assessment models/ functional indices,
and (d) assessment protocols. During the Development Phase of the HGM
Approach, these four components are integrated in a Regional Guidebook for
assessing the functions of a regional wetland subclass. Subsequently, during the
Application Phase, end users, following the assessment protocols outlined in the
Regional Guidebook, assess the functional capacity of selected wetlands. Each
of the components of the HGM Approach and the Development and Application
Phases are discussed below. More extensive treatment of these topics can be
found in Brinson (1993a,b; 1995a,b), Brinson et al. (1995, 1996, 1998), Hauer
and Smith (1998), Smith et al. (1995), and Wetlands Research Program (WRP)
(in preparation).

Hydrogeomorphic Classification

Wetland ecosystems share a number of common attributes including relatively
long periods of inundation or saturation, hydrophytic vegetation, and hydric
soils. In spite of these common attributes, wetlands occur under a wide range of
climatic, geologic, and physiographic situations and exhibit a wide range of
physical, chemical, and biological characteristics and processes (Cowardin et al.
1979; Ferren et al. 1996a,b; Ferren, Fiedler, and Leidy 1996; Mitch and
Gosselink 1993; Semeniuk 1987). The variability of wetlands makes it
challenging to develop assessment methods that are both accurate (i.e., sensitive
to significant changes in function) and practical (i.e., can be completed in the
relatively short time frame available for conducting assessments). Existing
“generic” methods, designed to assess multiple wetland types throughout the
United States, are relatively rapid, but lack the resolution necessary to detect
significant changes in function.
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One way to achieve an appropriate level of resolution within the available
time frame is to reduce the level of variability exhibited by the wetlands being
considered (Smith et al. 1995). The HGM Classification was developed
specifically to accomplish this task (Brinson 1993a). It identifies groups of
wetlands that function similarly using three criteria that fundamentally influence
how wetlands function. These criteria are geomorphic setting, water source, and
hydrodynamics. Geomorphic setting refers to the landform and position of the
wetland in the landscape. Water source refers to the primary water source in the
wetland such as precipitation, overbank floodwater, or groundwater. Hydro-
dynamics refers to the level of energy and the direction that water moves in the
wetland. Based on these three criteria, any number of “functional” wetland
groups can be identified at different spatial or temporal scales. For example, at a
continental scale, Brinson (1993a,b) identified five hydrogeomorphic wetland
classes. These were later expanded to the seven classes described in Table 1
(Smith et al. 1995). In many cases, the level of variability in wetlands encom-
passed by a continental scale hydrogeomorphic class is still too great to develop
assessment models that can be rapidly applied while being sensitive enough to
detect changes in function at a level of resolution appropriate to the 404 review
process. For example, at a continental geographic scale, the depression class
includes wetlands as diverse as California vernal pools (Zedler 1987), prairie
potholes in North and South Dakota (Hubbard 1988; Kantrud, Krapu, and
Swanson 1989), playa lakes in the high plains of Texas (Bolen, Smith, and
Schramm 1989), kettles in New England, and cypress domes in Florida (Ewel
and Odum 1984; Kurz and Wagner 1953).

To reduce both inter- and intraregional variability, the three classification
criteria are applied at a smaller regional geographic scale to identify regional
wetland subclasses. In many parts of the country, existing wetland classifica-
tions can serve as a starting point for identifying these regional subclasses
(Ferren et al. 1996a,b; Ferren, Fiedler, and Leidy 1996; Golet and Larson 1974;
Stewart and Kantrud 1971; Wharton et al. 1982). Regional subclasses, like the
continental classes, are distinguished on the basis of geomorphic setting, water
source, and hydrodynamics. In addition, certain ecosystem or landscape charac-
teristics may also be useful for distinguishing regional subclasses in certain
regions. For example, depression subclasses might be based on water source
(i.e., groundwater versus surface water) or the degree of connection between the
wetland and other surface waters (i.e., the flow of surface water into or out of the
depression through defined channels). Tidal fringe subclasses might be based on
salinity gradients (Shafer and Yozzo 1998). Slope subclasses might be based on
the degree of slope, landscape position, source of water (i.e., throughflow versus
groundwater), or other factors. Riverine subclasses might be based on water
source, position in the watershed, stream order, watershed size, channel gradient,
or floodplain width. Examples of potential regional subclasses are shown in
Table 2, Smith et al. (1995), and Rheinhardt, Brinson, and Farley (1997).

Regional Guidebooks include a thorough characterization of the regional
wetland subclass in terms of its geomorphic setting, water sources, hydro-
dynamics, vegetation, soil, and other features that were taken into consideration
during the classification process.
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Table 1

Hydrogeomorphic Wetland Classes at the Continental Scale

HGM
Wetland
Class

Definition

Depression

Depression wetlands occur in topographic depressions (i.e., closed elevation contours) that allow the accumulation
of surface water. Depression wetlands may have any combination of inlets and outlets or lack them completely.
Potential water sources are precipitation, overland flow, streams, or groundwater/ interflow from adjacent uplands.
The predominant direction of flow is from the higher elevations toward the center of the depression. The
predominant hydrodynamics are vertical fluctuations that range from diurnal to seasonal. Depression wetlands may
lose water through evapotranspiration, intermittent or perennial outlets, or recharge to groundwater. Prairie
potholes, playa lakes, vernal pools, and cypress domes are common examples of depression wetlands.

Tidal
Fringe

Tidal fringe wetlands occur along coasts and estuaries and are under the influence of sea level. They intergrade
landward with riverine wetlands where tidal current diminishes and riverflow becomes the dominant water source.
Additional water sources may be groundwater discharge and precipitation. The interface between the tidal fringe
and riverine classes is where bidirectional flows from tides dominate over unidirectional ones controlled by
floodplain slope of riverine wetlands. Because tidal fringe wetlands frequently flood and water table elevations are
controlled mainly by sea surface elevation, tidal fringe wetlands seldom dry for significant periods. Tidal fringe
wetlands lose water by tidal exchange, by overland flow to tidal creek channels, and by evapotranspiration. Organic
matter normally accumulates in higher elevation marsh areas where flooding is less frequent and the wetlands are
isolated from shoreline wave erosion by intervening areas of low marsh. Spartina alterniflora salt marshes are a
common example of tidal fringe wetlands.

Lacustrine
Fringe

Lacustrine fringe wetlands are adjacent to lakes where the water elevation of the lake maintains the water table in
the wetland. In some cases, these wetlands consist of a floating mat attached to land. Additional sources of water
are precipitation and groundwater discharge, the latter dominating where lacustrine fringe wetlands intergrade with
uplands or slope wetlands. Surface water flow is bidirectional, usually controlled by water-level fluctuations
resulting from wind or seiche. Lacustrine wetlands lose water by flow returning to the lake after flooding and
evapotranspiration. Organic matter may accumulate in areas sufficiently protected from shoreline wave erosion.
Unimpounded marshes bordering the Great Lakes are an example of lacustrine fringe wetlands.

Slope

Slope wetlands are found in association with the discharge of groundwater to the land surface or sites with
saturated overland flow with no channel formation. They normally occur on sloping land ranging from slight to
steep. The predominant source of water is groundwater or interflow discharging at the land surface. Precipitation is
often a secondary contributing source of water. Hydrodynamics are dominated by downslope unidirectional water
flow. Slope wetlands can occur in nearly flat landscapes if groundwater discharge is a dominant source to the
wetland surface. Slope wetlands lose water primarily by saturated subsurface flows, surface flows, and
evapotranspiration. Slope wetlands may develop channels, but the channels serve only to convey water away from
the slope wetland. Slope wetlands are distinguished from depression wetlands by the lack of a closed topographic
depression and the predominance of the groundwater/interflow water source. Fens are a common example of slope
wetlands.

Mineral
Soil Flats

Mineral soil flats are most common on interfluves, extensive relic lake bottoms, or large floodplain terraces where
the main source of water is precipitation. They receive virtually no groundwater discharge, which distinguishes
them from depressions and slopes. Dominant hydrodynamics are vertical fluctuations. Mineral soil flats lose water
by evapotranspiration, overland flow, and seepage to underlying groundwater. They are distinguished from flat
upland areas by their poor vertical drainage due to impermeable layers (e.g., hardpans), slow lateral drainage, and
low hydraulic gradients. Mineral soil flats that accumulate peat can eventually become organic soil flats. They
typically occur in relatively humid climates. Pine flatwoods with hydric soils are an example of mineral soil flat
wetlands.

(Continued)
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Table 1 (Concluded)

HGM
Wetland
Class

Definition

Organic
Soil Flats

Organic soil flats, or extensive peatlands, differ from mineral soil flats in part because their elevation and
topography are controlled by vertical accretion of organic matter. They occur commonly on flat interfluves, but may
also be located where depressions have become filled with peat to form a relatively large flat surface. Water source

is dominated by precipitation, while water loss is by overland flow and seepage to underlying groundwater. They
occur in relatively humid climates. Raised bogs share many of these characteristics but may be considered a
separate class because of their convex upward form and distinct edaphic conditions for plants. Portions of the
Everglades and northern Minnesota peatlands are examples of organic soil flat wetlands.

Riverine

Riverine wetlands occur in floodplains and riparian corridors in association with stream channels. Dominant water
sources are overbank flow from the channel or subsurface hydraulic connections between the stream channel and
wetlands. Additional sources may be interflow, overland flow from adjacent uplands, tributary inflow, and
precipitation. When overbank flow occurs, surface flows down the floodplain may dominate hydrodynamics. In
headwaters, riverine wetlands often intergrade with slope, depressional, poorly drained flat wetlands, or uplands as
the channel (bed) and bank disappear. Perennial flow is not required. Riverine wetlands lose surface water via the
return of floodwater to the channel after flooding and through surface flow to the channel during rainfall events.
They lose subsurface water by discharge to the channel, movement to deeper groundwater (for losing streams),
and evapotranspiration. Peat may accumulate in off-channel depressions (oxbows) that have become isolated from
riverine processes and subjected to long periods of saturation from groundwater sources. Bottomland hardwoods
on floodplains are an example of riverine wetlands.

Table 2

Potential Regional Wetland Subclasses in Relation to Geomorphic Setting, Dominant

Water Source, and Hydrodynamics

Geomorphic Setting

Dominant Water
Source

Dominant
Hydrodynamics

Potential Regional Wetland Subclasses

Eastern USA

Western USA/Alaska

Depression

Groundwater or
interflow

Vertical

Prairie pothole
marshes, Carolina bays

California vernal pools

Fringe (tidal) Ocean Bidirectional, horizontal | Chesapeake Bay and San Francisco Bay
Gulf of Mexico tidal marshes
marshes

Fringe (lacustrine) Lake Bidirectional, horizontal | Great Lakes marshes Flathead Lake marshes

Slope Groundwater Unidirectional, Fens Avalanche chutes

horizontal

Flat Precipitation Vertical Wet pine flatwoods Large playas

(mineral soil)

Flat Precipitation Vertical Peat bogs; portions of Peatlands over

(organic soil)

Everglades

permafrost

Riverine Overbank flow from Unidirectional, Bottomland hardwood Riparian wetlands
channels horizontal forests
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Reference Wetlands

Reference wetlands are the wetland sites selected to represent the range of
variability that occurs in a regional wetland subclass as a result of natural
processes and disturbance (e.g., succession, channel migration, fire, erosion, and
sedimentation) as well as cultural alteration. The reference domain is the
geographic area occupied by the reference wetlands (Smith et al. 1995). Ideally,
the geographic extent of the reference domain will mirror the geographic area
encompassed by the regional wetland subclass; however, this is not always
possible due to time and resource constraints.

Reference wetlands serve several purposes. First, they establish a basis for
defining what constitutes a characteristic and sustainable level of function across
the suite of functions selected for a regional wetland subclass. Second, they
establish the range and variability of conditions exhibited by model variables and
provide the data necessary for calibrating model variables and assessment
models. Finally, they provide a concrete physical representation of wetland
ecosystems that can be repeatedly observed and measured.

Reference standard wetlands are the subset of reference wetlands that perform
the suite of functions selected for the regional subclass at a level that is
characteristic in the least altered wetland sites in the least altered landscapes.
Table 3 outlines the terms used by the HGM Approach in the context of reference

wetlands.

Table 3

Reference Wetland Terms and Definitions

Term

Definition

Reference domain

The geographic area from which reference wetlands representing the regional wetland subclass are
selected (Smith et al. 1995).

Reference wetlands

A group of wetlands that encompass the known range of variability in the regional wetland subclass
resulting from natural processes and disturbance and from human alteration.

Reference standard
wetlands

The subset of reference wetlands that perform a representative suite of functions at a level that is both
sustainable and characteristic of the least human altered wetland sites in the least human altered
landscapes. By definition, the functional capacity index score for all functions in reference standard
wetlands is 1.0.

Reference standard
wetland variable
condition

The range of conditions exhibited by model variables in reference standard wetlands. By definition,
reference standard conditions receive a variable subindex score of 1.0.

Site potential
(mitigation project
context)

The highest level of function possible, given local constraints of disturbance history, land use, or other
factors. Site potential may be less than or equal to the levels of function in reference standard
wetlands of the regional wetland subclass.

Project target (mitigation
project context)

The level of function identified or negotiated for a restoration or creation project.

Project standards
(mitigation context)

Performance criteria and/or specifications used to guide the restoration or creation activities toward the
project target. Project standards should specify reasonable contingency measures if the project target
is not being achieved.
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Assessment Models and Functional Indices

In the HGM Approach, an assessment model is a simple representation of a
function performed by a wetland ecosystem. It defines the relationship between
one or more characteristics or processes of the wetland ecosystem or surrounding
landscape and the functional capacity of a wetland ecosystem. Functional
capacity is simply the ability of a wetland to perform a function compared to the
level of performance in reference standard wetlands.

Model variables represent the characteristics of the wetland ecosystem and
surrounding landscape that influence the capacity of a wetland ecosystem to
perform a function. Model variables are ecological quantities that consist of five
components (Schneider 1994). These include: (a) a name, (b) a symbol, (¢) a
measure of the variable and procedural statement for quantifying or qualifying
the measure directly or calculating it from other measurements, (d) a set of values
(i.e., numbers, categories, or numerical estimates (Leibowitz and Hyman in
preparation)) that are generated by applying the procedural statement, and
(e) units on the appropriate measurement scale. Table 4 provides several

examples.

Table 4

Components of a Model Variable

Name (Symbol) Measure / Procedural Statement Resulting Values | Units (Scale)

Redoximorphic Features (Vgpox) | Status of redoximorphic features/visual present unitless
inspection of soil profile for redoximorphic absent (nominal scale)
features

Floodplain Roughness (Vgoyen) Manning’s Roughness Coefficient (n) Observe 0.01 unitless
wet-land characteristics to determine adjustment | 0.1 (interval scale)
values for roughness component to add to base 0.21
value

Tree Biomass (V;g,) Tree basal area/measure diameter of trees in 5 m?ha
sample plots (cm), convert to area (m?), and 12.8 (ratio scale)
extrapolate to per hectare basis 36

Model variables occur in a variety of states or conditions in reference
wetlands. The state or condition of the variable is denoted by the value of the
measure of the variable. For example, tree basal area, the measure of the tree
biomass variable could be large or small. Similarly, recurrence interval, the
measure of overbank flood frequency variable, could be frequent or infrequent.
Based on its condition (i.e., value of the metric), model variables are assigned a
variable subindex. When the condition of a variable is within the range of
conditions exhibited by reference standard wetlands, a variable subindex of 1.0 is
assigned. As the condition deflects from the reference standard condition (i.e.,
the range of conditions that the variable occurs in reference standard wetland),
the variable subindex is assigned based on the defined relationship between
model variable condition and functional capacity. As the condition of a variable
deviates from the conditions exhibited in reference standard wetlands, it receives
a progressively lower subindex reflecting its decreasing contribution to
functional capacity. In some cases, the variable subindex drops to zero. For
example, when no trees are present, the subindex for tree basal area is zero. In
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other cases, the subindex for a variable never drops to zero. For example,
regardless of the condition of a site, Manning’s Roughness Coefficient (n) will
always be greater than zero.

Model variables are combined in an assessment model to produce a
Functional Capacity Index (FCI) that ranges from 0.0 - 1.0. The FCl is a
measure of the functional capacity of a wetland relative to reference standard
wetlands in the reference domain. Wetlands with an FCI of 1.0 perform the
function at a level that is characteristic of reference standard wetlands. As the
FCI decreases, it indicates the capacity of the wetland to perform the function is
less than that which is characteristic of reference standard wetlands.

Assessment Protocol

The final component of the HGM Approach is the assessment protocol. The
assessment protocol is a series of tasks, along with specific instructions, that
allow the end user to assess the functions of a particular wetland area using the
functional indices in the Regional Guidebook. The first task is characterization
which involves describing the wetland ecosystem and the surrounding landscape,
describing the proposed project and its potential impacts, and identifying the
wetland areas to be assessed. The second task is collecting the field data for
model variables. The final task is analysis which involves calculation of
functional indices.

Development Phase

The Development Phase of the HGM Approach is ideally carried out by an
interdisciplinary team of experts known as the “Assessment Team,” or
“A-Team.” The product of the Development Phase is a Regional Guidebook for
assessing the functions of a specific regional wetland subclass (Figure 1). In
developing a Regional Guidebook, the A-Team will complete the following
major tasks. After organization and training, the first task of the A-Team is to
classify the wetlands within the region of interest into regional wetland sub-
classes using the principles and criteria of the Hydrogeomorphic Classification
(Brinson 1993a; Smith et al. 1995). Next, focusing on the specific regional
wetland subclass selected, the A-Team develops an ecological characterization or
functional profile of the subclass. The A-Team then identifies the important
wetland functions, conceptualizes assessment models, identifies model variables
to represent the characteristics and processes that influence each function, and
defines metrics for quantifying model variables. Next, reference wetlands are
identified to represent the range of variability exhibited by the regional subclass.
Field data are then collected from the reference wetlands and used to calibrate
model variables and verify the conceptual assessment models. Finally, the
A-Team develops the assessment protocols necessary for regulators, managers,
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Hydrogeomorphic Approach

Development
HGM Classification

Reference Wetlands
Functional Indices
Assessment Protocols

Application
Characterize Site and
Screen Red Flags
Define
Assessment Area

Collect and Analyze
Data

Regional Guidebook

Functional Indices

Figure 1. Development and application phases of the HGM Approach

consultants, and other end users to apply the indices to the assessment of wetland
functions. The following list provides the detailed steps involved in the general
sequence described above.

Task 1:  Organize the A-Team
A. Identify A-Team members
B. Train A-Team in the HGM Approach

Task 2:

wn

elect and Characterize Regional Wetland Subclass

Identify/prioritize regional wetland subclasses

Select regional wetland subclass and define reference domain
Initiate literature review

Develop preliminary characterization of regional wetland subclass
Identify and define wetland functions

MmO 0w

Task 3:  Select Model Variables and Metrics and Construct Conceptual
Assessment Models
A. Review existing assessment models
B. Identify model variables and metrics
C. Define initial relationship between model variables and functional

capacity
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D. Construct conceptual assessment models for deriving functional
capacity indices (FCI)
E. Complete Precalibrated Draft Regional Guidebook (PDRG)

Task 4:  Conduct Peer Review of PDRG

Distribute PDRG to peer reviewers

Conduct interdisciplinary, interagency workshop of PDRG
Revise PDRG to reflect peer review recommendations

Distribute revised PDRG to peer reviewers for comment
Incorporate final comments from peer reviewers on revisions into
the PDRG

MO 0w

Task 5: Identify and Collect Data From Reference Wetlands
A. Identify reference wetland field sites
B. Collect data from reference wetland field sites
C. Analyze reference wetland data

Task 6: Calibrate and Field Test Assessment Models

Calibrate model variables using reference wetland data

Verify and validate (optional) assessment models

Field test assessment models for repeatability and accuracy

Revise PDRG based on calibration, verification, validation
(optional), and field testing results into a Calibrated Draft Regional
Guidebook (CDRG)

oSOow»

Task 7:  Conduct Peer Review and Field Test of CDRG
A. Distribute CDRG to peer reviewers
B. Field test CDRG
C. Revise CDRG to reflect peer review and field test
recommendations
D. Distribute CDRG to peer reviewers for final comment on revisions
E. Incorporate peer review final comments on revisions
F. Publish Operational Draft Regional Guidebook (ODRG)

Task 8: Technology Transfer

A. Train end users in the use of the ODRG
B. Provide continuing technical assistance to end users of the ODRG

Application Phase

The Application Phase involves two steps. The first is using the assessment
protocols outlined in the Regional Guidebook to carry out the following tasks
(Figure 1).

a. Define assessment objectives

b. Characterize the project site
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e.

f

Screen for red flags
Define the Wetland Assessment Area
Collect field data

Analyze field data

The second step involves applying the results of the assessment, the FCI, to
the appropriate decision making processes of the permit review sequence, such as
alternatives analysis, minimization, assessment of unavoidable impacts,
determination of compensatory mitigation, design and monitoring of mitigation,
comparison of wetland management alternatives or results, determination of
restoration potential, or identification of acquisition or mitigation sites.
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3 Characterization of Low-
Gradient Riverine
Wetlands in Western
Tennessee

Regional Wetland Subclass and Reference
Domain

This Regional Guidebook was developed to assess the functions of frequently
flooded, forested wetlands on floodplains of low gradient rivers. These wetlands
are known locally, and throughout much of the southeastern United States, as
bottomland hardwoods (Wharton et al. 1982). Exact estimates of the acreage of
this type of wetland in Tennessee are lacking, but an average of several data
sources including the National Wetland Inventory (Hefner and Brown 1984) and
the USDA National Resource Inventory (USDA Soil Conservation Service 1987)
indicated that there are 814,000 acres of palustrine wetlands in Tennessee with
the majority occurring in the western portion of the state (Tennessee Department
of Conservation 1988) (Figure 2). Most of these wetlands are classified as
palustrine forested (PFO) (Cowardin et al. 1979) and would be considered to be
within the HGM low gradient riverine regional subclass.

According to Smith et al. (1995), the reference domain is the geographic area
occupied by the reference wetland sites. Under ideal circumstances, the
reference domain that is used to develop a Regional Guidebook will mirror the
full geographic extent of the regional wetland subclass. It was not possible,
however, to sample reference wetlands throughout the range of the subclass, thus
the reference domain within which these models are applicable represents a
geographic subset of the regional subclass.

The reference domain for which this guidebook was developed is the Loess
Plains ecoregion of western Tennessee; one of the four ecoregions in that portion
of the state that were defined and described by Griffith, Omernik, and Azevedo
(1997) (Figure 2). The Loess Plains is an area of relatively little relief, varying
from nearly level to gently rolling. Numerous tributaries to the Mississippi River
(the Obion, Forked Deer, Hatchie, Loosahatchie, and Wolf Rivers) cross the
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Miss. Alluvial Valley \ ————__

S Southeastermn Plains and Hills

oh ™

Locss Plains (LPE)

Bluff Hills (Chickasaw Bluffs)

Figure 2.  Ecoregions of western Tennessee (from Griffith, Omernik, and
Azevedo 1997)

region. The rivers themselves have sand and silt bottoms and floodplains that are
wide and flat. Historically the rivers had a slope of less than 0.066 percent and
meandered through straight valleys (Ashley 1910b). Most of the ecoregion has
been cleared and converted to the production of row crops. Some extensive
forested tracts still remain on state and federal lands and on lands owned by
timber companies.

The other three ecoregions of western Tennessee (described in the next
paragraph) were not included in the development of the data set used to scale the
models presented in this guidebook. They are, however, generally similar in
nature and include numerous wetlands within the low gradient riverine regional
subclass. With additional data collection, it is believed that the models presented
in this guidebook would be appropriate for use in those ecoregions as well.

The westernmost ecoregion in Tennessee is the Mississippi Alluvial Valley,
the active floodplain of the Mississippi River. This ecoregion is characterized by
level topography with river terraces and levees providing the only topographical
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relief. Oxbow lakes and swamps are relatively common. Streams are low
gradient. Eastward of the Mississippi Alluvial Valley is the narrow band of the
Bluff Hills (sometimes referred to as the Chickasaw Bluffs) where loess deposits
are very thick, extending to depths of between 10 and 30 m. It is an area of
irregular plains with dissected hills and ridges. Streams are moderate to low
gradient. The fourth ecoregion in western Tennessee, the Southeastern Plains
and Hills, has more varied topography than the others; hills are steeper than in
the Loess Plains ecoregion and the streams have a higher gradient. At the eastern
edge of this ecoregion, the loess may be less than 1 m thick.

Description of the Regional Subclass

Rivers are the features that are responsible for the formation and maintenance
of wetlands within the low-gradient riverine subclass. They are constantly
reworking the floodplain sediments (Hey 1978, Sigafoos 1964), primarily by
lateral migration (Shankman 1991, 1993; Shankman and Drake 1990; Shelford
1954; Sigafoos 1964; Wharton et al. 1982). Rivers deposit sediments eroded
from the floodplain and channel banks on the convex side of the river, resulting
in point bar accretion (Hey 1978, Keller 1972, Shankman 1991, Sigafoos 1964,
Wharton et al. 1982). The result is that most of the sediment stays in the
floodplain (Sigafoos 1964). In this manner, the river reworks the floodplain
alluvium to the depth of its channel and over geologic time meanders back and
forth across its valley (Shankman 1993, Sigafoos 1964). The mechanisms by
which sediment is reworked, in order of importance, are: (a) lateral migration,
(b) local scour and deposition, and (¢) vertical accretion (Sigafoos 1964). The
overall result of these fluvial processes is a complex mosaic of features varying
in texture and hydrologic regime and generally progressing in age and elevation
as distance from the channel increases (Bedinger 1979, 1981; Shankman 1993;
Shelford 1954; Sigafoos 1964). Following is an overview of the processes that
created the features that exist within most low gradient riverine systems.

As a river meanders, parts of the channel are cut off, forming oxbow lakes
(Bedinger 1981, Shankman 1993). Also, as the channel migrates away from
point bars, younger point bar surfaces begin to build on the channelward side.
This results in scroll marks, alternating ridges of coarse, highly permeable
sediment and intervening swales where fine, relatively impermeable sediments
accumulate (Wharton et al. 1982). In addition, overbank flow deposits the
coarsest sediments, such as sand, as it leaves the channel (Bedinger 1981,
Wharton et al. 1982). This forms natural levees which are usually the highest
features of the active floodplain (Bedinger 1981, Wharton et al. 1982). These
geomorphic surfaces are evident on most major river systems in the low gradient
subclass, although in relatively unaltered systems, they are constantly in a state
of change. As floodwaters move across the floodplain, scouring occurs locally
where flow is concentrated by vegetation, debris, etc., and sediment deposition
occurs in the slack water areas. When the floods recede, the finest sediments are
trapped in ponded areas, sloughs, oxbow lakes, and beaver ponds and eventually
settle out, albeit very slowly (Bedinger 1981, Shelford 1954, Sigafoos 1964,
Wharton et al. 1982). This steady vertical accretion of sediments eventually
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causes the older features to become less distinct; thus, floodplains tend to remain
broad and relatively flat (Bedinger 1979, Wharton et al. 1982).

River channel morphology is a product of its range of discharges, valley
slope, and nature of its sediment supply (Bedinger 1981, Hey 1978, Wharton
et al. 1982). If changes occur in channel slope, discharge, or sediment supply
(quantity or particle size), then the river will readjust its morphology to
accommodate the change (Hey 1978, Rosgen 1996). If left in a natural condition,
the river will achieve a steady state where it is neither aggrading nor degrading
and the energy of the flowing water is expended as uniformly as possible (Hey
1978, Rosgen 1996, Wharton et al. 1982).

The hydrologic regime on a particular part of a floodplain is related to its age
and elevation (Bedinger 1971, 1979, 1981; Shankman 1993; Shelford 1954;
Sigafoos 1964) however, and there is considerable variation among various
portions of the floodplain. For example, the oldest and highest features of the
floodplain, the terraces or relict floodplain surfaces, flood least frequently and for
very short duration, if at all (Bedinger 1971, Wharton et al. 1982). Point bars are
the youngest features and are lowest in elevation. Consequently, they are
inundated most frequently and for the longest duration (Shelford 1954). The
frequency and duration of flooding of other portions of the floodplain range
between these two extremes. These features, listed in order from least frequently
inundated to most frequently inundated, are natural levees, flats, scour pools and
channels, sloughs, beaver ponds, and oxbows (Bedinger 1981, Wharton et al.
1982).

Groundwater dynamics

The depth to the groundwater table in low gradient riverine wetlands is related
to the distance from the channel. It is lowest immediately adjacent to the channel
(Bedinger 1981, Maki et al. 1980). Other surface features such as oxbow lakes
and tributary channels also affect the groundwater table, as they serve as
discharge areas during dry periods (Bedinger 1981). The alluvium underlying
the floodplain contains the near-surface aquifer that interacts with the river and
the other surface water features of the floodplain. Exchange with the deeper
aquifers in the underlying strata is minor, however, compared with the volume of
flow within the floodplain alluvium (Bedinger 1981).

The groundwater table fluctuates seasonally, recharging in winter and early
spring through the permeable areas of the floodplain when overbank flow occurs
(Bedinger 1981). During the dry time of year, the near-surface aquifers provide
the base flow of the river (Bedinger 1981, Maki et al. 1980). The floodplain
aquifer probably is very important to the plant community that develops on the
floodplain (Bedinger 1981, Maki et al. 1980), although studies of the relationship
are uncommon.
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Bottomland hardwood forests

In low gradient riverine systems in the Southeast, floodplains are dominated
by a forest community generally referred to as bottomland hardwoods (BLH).
Wharton et al. (1982) described five ecological “zones” (Table 5) based on
floodplain features and the associated soil and hydrologic conditions. The
conditions that prevail within these zones, especially soil oxygen availability
during the growing season, control which plant species become dominant
(Theriot 1993, Wharton et al. 1982). Wharton et al. (1982) described 75
communities within the respective zones of the floodplain. Many of the types,
however, occur only in the Atlantic and Gulf Coastal Plain, not in western
Tennessee. Examples of these include live oak (Q. virginiana) and cabbage palm
(Sabal palmetto).

The primary natural disturbance mechanism that shapes BLH forests in
riverine systems is channel migration (Shankman 1993). Surfaces of varying
age, elevation, texture, and hydrologic regime are the result of rivers moving
back and forth across their floodplains (Bedinger 1971, 1979, 1981; Junk,
Bayley, and Sparks 1989, Patrick 1981; Shankman 1993; Shelford 1954;
Sigafoos 1964; Wharton et al. 1982). These surfaces have complex combinations
of environmental gradients to which the plant species of BLHs respond
individually (Bedinger 1979, Fredrickson 1979, Huffman and Forsythe 1981,
Junk, Bayley, and Sparks 1989, McKnight et al. 1981, Shankman 1991,
Shankman and Drake 1990, Shelford 1954, Sigafoos 1964, Wharton 1980,
Wharton and Brinson 1978, White 1979).

Individual species respond to these gradients according to their physiology
and genetics. Some tolerate a wider range of site conditions than others, causing
overlap among communities on the floodplain (Bedinger 1979, Teskey and
Hinckley 1977). Distinct assemblages, however, are recognizable along the
hydrologic gradients (Bedinger 1979), and it is the dominants that allow
separation of one community from another (Teskey and Hinckley 1977).

The most important of these environmental gradients is that reflecting the
hydrologic regime (Bedinger 1971, 1979, 1981; Huffman and Forsythe 1981;
Junk, Bayley, and Sparks 1989; McKnight et al. 1981; Shelford 1954; Sigafoos
1964; Teskey and Hinckley 1977; White 1979). The tolerance of seeds to
periods of inundation, their requirements for germination, and their tolerance of
submergence, sedimentation, and shade are what determine the composition of
BLHs (Bedinger 1979, McDermott 1954, McKnight et al. 1981, Shankman and
Drake 1990, Shankman and Kortright 1994, Shelford 1954, Teskey and Hinckley
1977). Texture and fertility of soil add complexity, but they are of secondary
importance (Bedinger 1981; Huffman and Forsythe 1981; Junk, Bayley, and
Sparks 1989; Patrick 1981; Teskey and Hinckley 1977; White 1979). Generally,
tree diversity increases with decreasing flooding frequency, as relatively few
species are tolerant of conditions in the wettest areas on the floodplain
(Fredrickson 1979, McKnight et al. 1981).
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Table 5

Characteristics of Floodplain Zones'

Zones
Depressions Flats Ridges

Characteristics I m v V] Vi
Degree of inundation and Intermittently Semipermanently | Seasonally Temporarily Intermittently
saturation exposed; inundated or inundated or inundated or inundated or

nearly saturated saturated saturated saturated

permanent

inundation and

saturation
Timing of flooding Year-round Spring and Spring for 1-2 Periodically for | During

except during summer during months of the up to 1 month exceptionally

extreme most of the growing of the growing high floods or

droughts growing season season season extreme wet

periods

Probability of annual flooding 100% 51%-100% 51%-100% 10%-50% 1%-20%

Duration of flooding

100% of the

>25% of the

12.5%-25% of

2%-12.5% of

<2% of the

growing growing season the growing the growing growing
season season season season
Soil texture Dominated by Dominated by Clays Clay and Sands to clays
silty clays or dense clays dominate sandy loams
loams surface; some dominate;
coarser sandy soils
fractions frequent
(sands)
increase with
depth
Oxygenation Moving water Anaerobic for Alternating Alternating: Aerobic
aerobic; portions of the anaerobic and mostly aerobic, | year-round
stagnant water year aerobic occasionally
anaerobic conditions anaerobic

' Source: Wharton et al. 1982.

The seasonal fluctuations of the groundwater table also are important in

controlling species distribution (Bedinger 1981, Maki et al. 1980). McDermott
(1954) found that tree seedlings of different species had variable tolerances for
root zone saturation and the resulting stresses of anaerobic conditions. Flooding
in BLHs mainly occurs during the dormant season, and inundation during this
time has little or no effect on tree mortality, regardless of the duration (Bedinger
1979). The significance of flooding to the forest community may lie in its effect
on the groundwater table (Bedinger 1981) that remains high during most of the
growing season in unchannelized rivers (Maki et al. 1980).

Bottomland hardwood communities/succession
When point bars emerge, they initially are colonized by black willows (Salix
nigra) and later by silver maple (Acer saccharinum) and cottonwood (Populus

deltoides) (Shelford 1954, Teskey and Hinckley 1977). This seral stage is
followed in a few decades as the site rises and dries with dominance by overcup
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oak (Quercus lyrata), water hickory (Carya aquatica), green ash (Fraxinus
pennsylvanica), persimmon (Diospyros virginiana), sugarberry (Celtis
laevigata), and water locust (Gleditsia aquatica) (Shankman 1993, Shelford
1954, Teskey and Hinckley 1977). Many possible combinations of dominants
could occur in the next seral stages (Hodges 1997, Teskey and Hinckley 1977).
For example, the area may be scoured such that water ponds in subsequent years,
or conversely, coarse sediments may continue to accumulate. The species that
dominate may include swamp-chestnut oak (Q. michauxii), sweetgum
(Liquidambar styraciflua), green ash, and hackberry (C. occidentalis) (Shankman
1993, Shelford 1954). The oldest and driest sites may be dominated by
American beech (Fagus grandifolia), cherrybark oak (Q. pagodifolia), and water
oak (Q. nigra) (Shankman 1993).

The early colonizers of point bars have several characteristics: seeds which
remain viable after relatively long periods of inundation, seeds which are
produced in great quantity in early spring when flooding is likely, seedlings
which are tolerant of inundation and high rates of sedimentation and are
intolerant of shade; seedlings which sprout easily if damaged and have lifespans
that are short compared with other floodplain species (Shankman 1991, 1993).
Species following the early colonizers are more tolerant of shade and also are
tolerant of frequent, prolonged inundation and high rates of sedimentation. They
are longer lived and dominate sites within a few decades after decline of the
earliest colonizers. As the site rises with vertical accretion, flooding diminishes
and other species not so tolerant of flooding may become established (Bedinger
1981; Shankman 1991, 1993; Shelford 1954).

Human alterations to rivers, floodplains, and the landscape

In low gradient river systems subject to extensive seasonal flooding, the
object of channelization commonly is the reduction in the frequency, duration,
and depth of inundation so that the valleys may be "reclaimed" for agriculture
(Hidinger and Morgan 1912). This goal has been pursued throughout the
Southeast (Arner et al. 1976, Fredrickson 1979, Kuenzler et al. 1977, Maki et al.
1980), and many of the streams and rivers in the low gradient riverine subclass
have been altered dramatically. While flood reduction has occurred sometimes,
results have not always been predictable. For example, in western Tennessee,
frequency and duration of flooding were reduced in the upper Obion River and
its forks by channelization; however, there was a 60 percent reduction in
flood-wave travel time, and the runoff that converged on downstream areas
increased both the frequency and magnitude of flood events there (Shankman and
Pugh 1992). Similarly, channelization can increase the duration of flooding or
ponding in an adjacent wetland due to spoil banks operating as artificial levees
which prevent water from receding back into the channel. In both cases, the
surface and subsurface hydroperiod of adjacent wetlands is altered which
consequently affects hydrologic, biogeochemical, and habitat functions.
Following is an overview of effects of alterations to low gradient rivers and their
associated wetlands.
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The most obvious and immediate results of channelization of Coastal Plain
rivers are those changes immediately imposed on the river. Channels are
straightened, deepened, widened, and cleared of obstructions, thus the resistance
to flow (i.e. channel roughness) is reduced. Often, the length of the channel is
shortened dramatically and its gradient is steepened. The desired effect is
increased channel capacity that (in that reach of the river) reduces the frequency
and duration of flooding (Robbins and Simon 1982).

Coastal Plain rivers begin responding immediately to the imposed
morphology (Hey 1978, Rosgen 1996). The streambed upstream of the
channelized reach is eroded due to the steepened gradient and consequent
increase of energy and erosive power (Robbins and Simon 1982). This
progressive degradation upstream decreases the bed slope and elevation and is
known as a headcut. Concurrently, the relative height of the stream banks is
increased. When the critical height and angle of the bank material is exceeded, it
fails and slumps into the stream. This is known as mass wasting and results in
the widening of the stream channel (Simon and Hupp 1987). Water velocities
decrease in downstream unchannelized areas, especially where the river’s grade
is controlled where it enters another river. In these reaches, the transporting
power of the channelized stream is reduced and sediments are deposited,
resulting in aggradation (Robbins and Simon 1982, Simon and Robbins 1987).

If the imposed dimensions of a channelized reach are not maintained, the
initially degrading areas begin aggrading after 10 to 15 years, and aggradation
proceeds upstream (Shankman and Pugh 1992, Shankman and Samson 1991,
Simon and Hupp 1992). The stream begins to recover its meandering nature by
forming point bars, especially where mass wasting has increased channel width
(Simon and Hupp 1987, 1992).

The greater relative depth of channelized streams probably increases the
proportion of groundwater discharged into streams during periods of low flow
(Kuenzler et al. 1977). This undoubtedly contributes to flow maintenance in
some channelized streams during the summer and early fall (Kuenzler et al.
1977). Groundwater levels are reduced, especially in the vicinity of deepened
channels and drainage ditches cut across the floodplain (Bedinger 1981, Kuenzler
et al. 1977, Maki et al. 1980). In one study, depths to groundwater were more
than 50 cm greater in floodplains adjacent to channelized rivers than they were in
the floodplains of unchannelized rivers, and clear perennial flow was observed in
the channelized streams, an indication of the channels interception of the water
table (Maki et al. 1980). One effect of this alteration of groundwater levels by
channelized rivers is an increase in storage capacity of the floodplain alluvium
(Kuenzler et al. 1977, Maki et al. 1980). Evidence of this was found in North
Carolina where flooding from small and medium rainstorms was reduced
(Kuenzler et al. 1977) and virtually no inundation or ponding occurred on the
floodplains of channelized streams (Maki et al. 1980).

The changes to the flooding regime and watertable after channelization affect
the plant community of the floodplain (Bedinger 1981, Fredrickson 1979, Maki
et al. 1980). Lowered watertables and decreased flooding allow mesic species to
compete with those adapted to more hydric conditions (Fredrickson 1979, Maki
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et al. 1980). Initially, a more mesic understory can develop on channelized
streams beneath a more hydric overstory (Maki et al. 1980). Maki et al. (1980)
found decreased survival of water tupelo (Nyssa aquatica) seedlings that they
planted in channelized areas compared with those they had planted in other
natural areas. They also found that when overstory established prior to
channelization is removed, early successional herbaceous species and woody
vines grew in profusion, out-competing most tree seedlings. In areas that had not
been cut on channelized rivers, they observed a more dense and mesic
understory.

Animals associated with aquatic habitats (e.g., fish, mammals such as beaver
(Castor canadensis) and muskrat (Ondatra zibethicus), benthic and littoral
macroinvertebrates, and amphibians in particular) were less abundant in
channelized reaches (Arner et al. 1976, Maki et al. 1980). Herons and waterfowl
were absent from channelized reaches of the St. Francis River in southeastern
Missouri, and channelization there also had negative impacts on the distribution
and abundance of invertebrates (Fredrickson 1979).

Many of the effects of channelization to riverine systems are subtle (such as
the elimination of soil nourishment from overbank flooding), but some are
obvious and significant. One is the degradation of water quality due to increased
levels of phosphorous, inorganic nitrogen, and higher water turbidity (Arner et al.
1976, Kuenzler et al. 1977). Additionally, low levels of organic matter have
been found in channelized streams (0 to 0.56 percent) compared to that found in
unchannelized streams (0.55 to 1.91 percent) (Arner et al. 1976). Often
overlooked, but possibly the most significant impact of channelization over time
(if the artificial channel is maintained) is that the primary disturbance mechanism
has been eliminated (Shankman 1993). Oxbows and erosional and depositional
features no longer will be created. The more hydric species, especially
baldcypress (Taxodium distichum) and others adapted to these floodplain features
probably will decline (Shankman 1993). The floodplain may become drier and a
more homogenous forest characteristic of higher floodplain zones or uplands is
likely to result (Fredrickson 1979, Maki et al. 1980).

Description of the Reference Domain
Physiography and geology

The western third of Tennessee is part of the Mississippi Embayment of the
Gulf Coastal Plain (Wells 1933). This area was covered by a sea during the first
half of the Paleozoic Era. The sea retreated when a period of uplift began at the
last half of the Paleozoic and continued through the end of the Mesozoic Era
(Luther 1977, Miller 1974, Wells 1933). Eventually, the uplift ended as the area
was eroded to a nearly featureless plain (Luther 1977). The earth’s crust in the
area began to sag during the Cretaceous period, and the sea again invaded,
thereby forming an arm of the Gulf of Mexico known as the Mississippi
Embayment (Luther 1977, Miller 1974, Wells 1933). The sea covered western
Tennessee well into the Tertiary period. The Paleozoic rocks of the area are
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buried to depths exceeding 900 m at Memphis, and the depth of sediments
decreases to the east and west of Memphis by approximately 3 to 6 m per
kilometers (Luther 1977, Miller 1974, Wells 1933). The edges of the Mississippi
Embayment are marked by Paleozoic rocks exposed at the surface in a narrow
band (Miller 1974, Wells 1933). It extends beyond Crowley's Ridge in Arkansas
to the west, to the vicinity of the Tennessee River to the east, and down through
all of Mississippi and Louisiana to the south (Luther 1977, Miller 1974, Wells
1933). Wells (1933) described the Mississippi Embayment as “...a down-warped
trough of Paleozoic rocks pitching gently to the south, whose upper end is in
southern Illinois and whose axis roughly parallels the Mississippi River but lies a
few mile west of it.”

The Pleistocene ice age had a great influence on the development of the
modern floodplains of the Mississippi Embayment. When the massive ice sheet
covered the northern half of the continent, the sea level was more than 100 m
lower than it is today. This enormous mass of ice tilted the northern part of the
continent downward and the southern part upward (Luther 1977). The streams of
the Mississippi Embayment responded by cutting deep gorges through the
sediments deposited earlier (Luther 1977). The glaciers retreated at the end of
the Pleistocene 10,000 years ago, releasing vast quantities of water which moved
large amounts of glacial debris (Wells 1933). The subsequent rise of the sea and
tectonic rebound of the continent caused the streams to fill their gorges with
alluvium (Luther 1977, Wharton et al. 1982).

The Coastal Plain streams of the present, including those in western
Tennessee, also are “underfit” for their valleys (i.e., their discharges are too small
to have produced the valley morphology that currently exists) (Wharton et al.
1982). The discharge of rivers was much greater 12,000 years ago than at
present, possibly by as much as 18-fold (Wharton et al. 1982). Discharge rates
began to subside about 10,000 years ago, and the streams adjusted by abandoning
parts of their floodplains and lowering their base level, thus producing terraces
(Wharton et al. 1982). These relict floodplain surfaces have not yet been
completely eroded by lateral migration of the rivers and remain higher than the
active floodplain (Saucier 1987, Wharton et al. 1982). The most significant
cause of terrace formation in the lower reaches of western Tennessee streams,
however, was the glacial outwash deposited in the Mississippi River valley; it
controlled base levels of Mississippi Embayment streams (Saucier 1987).

The most recent geologic process of significance in western Tennessee was
the deposition of a layer of silty material (loess) over much of the region. This
was the result of Pleistocene glacial deposits drying and being transported from
the Mississippi Alluvial Valley by easterly winds (Luther 1977, Wells 1933).
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Soils

Springer and Elder (1980) described the soils within the river bottoms of
reference domain. Most soils are deep, friable, and silty in texture. They range
from medium to strongly acid in the eastern portion of the ecoregion to nearly
neutral farther west where the loess is thicker. Subsoils usually contain moderate
amounts of phosphorus and low amounts of potassium. Most are “somewhat
poorly drained,” although they vary from “well drained” to “very poorly
drained.” Most are in the Order Entisol and Great Groups Fluvaquents and
Udifluvents. Three major soil series found in the river bottoms, Waverly, Falaya,
and Collins, make up 80 percent of the total. These three soils are similar,
differing mainly in drainage. Other minor soils found in the bottomlands of the
Loess Plain ecoregion are listed in Table 6. Most are designated as “hydric soils”
by the Hydric Soil Technical Committee (USDA Natural Resources Conservation
Service (NRCS) 1995), although two (Morganfield and Vicksburg) are not.

Table 6

Soils Found in Floodplains of the Western Tennessee Reference
Domain

Series Name Drainage Class Hydric Designation
Morganfield Well No

Ochlockonee Well No

Vicksburg Well No

Adler Moderately well No

Collins Moderately well No

Oaklimeter Moderately well Yes

Arkabutla Somewhat poorly Some phases hydric
Convent Somewhat poorly Some phases hydric
Falaya Somewhat poorly Some phases hydric
Vacherie Somewhat poorly No

Wakeland Somewhat poorly No

Birds Poorly Yes

Rosebloom Poorly Yes

Tichnor Poorly Yes

Waverly Poorly Yes

Dekoven Very poorly Yes

The parent material for these bottomland soils primarily has been loess-rich
sediments washed in over the last 200 years from the upland areas, thus the soils
have a high proportion of silt (Springer and Elder 1980). The area is underlain
with sandy or clayey coastal plain sediments (Talley and Monteith 1994). The
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soils are highly productive for plant growth, but are highly erodible when cleared
(Talley and Monteith 1994).

Climate

The Coastal Plain of Tennessee has a temperate, humid climate. Local
climatic conditions are a result of warm, moist maritime air masses from the Gulf
of Mexico mixing with cold, dry continental air masses. This produces a great
deal of seasonal variability in precipitation. The mean annual precipitation is 110
cm, with the wettest periods in late winter and early spring and the driest periods
in September and October (USDA-NRCS 1995). Winter precipitation results
largely from frontal storm systems, and summer precipitation comes from
convective storm activity.

Average daily temperatures range from 3.5 °C in January to 30 °C in July, and
215 to 250 days per year have a daily minimum temperature greater than -2 °C
(USDA-NRCS 1995). Springer and Elder (1980) record the approximate date of
the last freeze in spring to be March 31 and the first freeze in the fall to be
October 25. These seasonal variations in precipitation, temperature, and
evapotranspiration affect river discharge and other surface and subsurface
sources that supply water to low gradient riverine wetlands.

Bottomland hardwood community

Bottomland hardwood forests (BLHs) in the reference domain have distinct
and recognizable assemblages of plants associated with particular landforms,
soils, and hydroperiods. The primary natural vegetation is oak-hickory and
other species associated with floodplain forests, although most forest cover has
been removed for conversion to agriculture (Griffith et al. 1997). A floristic
study of BLHs in western Tennessee identified 16 forest community types based
on overstory species dominance and the classification of floodplain zones
(Patterson and DeSelm 1989) (Table 7). These 16 communities contain more
than 46 species of canopy trees, approximately two-thirds of the 70 known to
occur within BLHs. In spite of the large number of species that do occur,
relatively few dominate BLHs in a particular area. For example, 12 species
comprise 90 percent of the total population of trees in BLHs in the Mississippi
Embayment (McKnight et al. 1981).

There is considerable similarity between the classification systems used by
Patterson and DeSelm (1989) and Wharton et al. (1982), and the zones in which
the respective authors place the communities often coincide closely. For
example, both classifications place bald cypress -water tupelo dominated
communities in Zone Il and an overcup oak-water hickory dominance type
within Zone I1I. Zone IV described by Wharton et al. (1982) is dominated
primarily by diamondleaf oak (Q. laurifolia), which does not occur in western
Tennessee, but associates such as green ash, American elm (Ulmus americana),
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Table 7
Western Tennessee BLH Community Types by Zone'

Zone Community

1] Bald cypress
Water tupelo - bald cypress

Water tupelo

] Black willow
Black willow - bald cypress
Bald cypress - hardwood

Water hickory - overcup oak

v Red maple - mixed bottomland hardwood
Green ash

Sweetgum - mixed bottomland hardwood

Vv Sugarberry - mixed bottomland hardwood
Shellbark hickory

Cherrybark oak

Willow oak

Slippery elm - mixed bottomland hardwood

Box elder

' Source: Patterson and DeSelm 1989.

and sweetgum do and also are listed by Patterson and DeSelm (1989). Zone V,
the highest portions of the floodplain, are characterized by cherrybark oak and
swamp chestnut oak in both classifications.

Wilder and Roberts (2002) studied mature BLHs associated with both altered
and unaltered river systems in the reference domain. They collapsed the zones
identified by Wharton et al. (1982) into three easily recognizable portions of the
floodplain: depressions (concave areas), flats (no obvious relief), and ridges
(convex areas). This also was the basis for segregating data sets for scaling
models for each zone in this guidebook for western Tennessee. Three distinct
data sets were collected, one for each zone (depression, flat, ridge). Dominant
overstory species in depressions in both types (altered and unaltered) included
baldcypress and water tupelo; few shrubs were present. Dominant overstory
species in unaltered flats were green ash, sweetgum, slippery elm (Ulmus rubra),
overcup oak, swamp chestnut oak, and willow oak. Ironwood (Carpinus
caroliniana) was a common understory species. In channelized systems, oaks
were less common in the overstory, and red maple, virtually absent in unaltered
systems, made up a substantial portion of the canopy. Ridges in both altered and
unaltered systems had sweetgum, swamp chestnut oak, willow oak, and
cherrybark oak as canopy dominants. Ironwood, pignut hickory (Carya glabra),
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and paw-paw (A4simina triloba) were common midstory and shrub species. Some
minor differences existed between types in the makeup of the midstory layer.

Additional data collected by Dr. Scott Franklin (University of Memphis) at
moderately and severely altered sites make up the reference data set used to scale
the vegetation variables in the models presented in this guidebook.

Hydrologic regimes

The interaction of climate, basin/watershed, channel, and site-specific
characteristics affect the magnitude, frequency, and duration of water moving
through the basin which, in turn, affects where low-gradient riverine wetlands
occur. Long-term temperature, precipitation regime, and other climatic factors
influence the rate at which water is delivered and lost from a watershed. Basin
characteristics such as shape, size, slope, geology, etc., affect how water and
sediment move through the watershed. Watersheds in the reference domain
generally are elongate in shape, greater than 2,500 km? (1,000 square miles) in
size, have low slopes (0.01- 0.05 percent; 0.3-0.9 m (1-3 ft)/mile), moderate
relief, and low drainage densities which contribute to slowly rising flood stages,
broad hydrograph peaks, and slow recession.

Precipitation patterns strongly influence the magnitude and frequency of
floods. Seasonally variable factors such as evapotranspiration, antecedent soil
moisture, and the extent, duration, and intensity of storm systems all influence
flood response. Typically, annual maximum discharge for rivers in the reference
domain occurs most frequently in late winter and early spring. Presumably this is
due to low potential evapotranspiration rates (PETs) which occur prior to spring
leaf-out (i.e., the growing season), leading to saturated soil conditions which in
turn result in greater surface runoff and subsurface discharge which culminate in
flood conditions. In large drainage basins (129-2590 km?* (50-1000 square
miles)), the annual maximum peaks occurred between January and April due to
low intensity, long duration, frontal storms. Conversely, high intensity, short
duration, convective storms in the summer may cause flooding in smaller (<129
km? (<50 square miles)) basins.

The bottomlands in this regional subclass are saturated and/or inundated
frequently (i.e., annually) and for durations long enough to develop and sustain
wetland conditions (i.e., typically greater than 5 percent of the growing season,
or approximately 12 days). Springer and Elder (1980) noted that most of the
areas are flooded periodically, from 2 to 6 times every 10 years, and that, in some
places, water stands for weeks. The saturated soil conditions, which contribute to
flooding, also contribute to the maintenance of subsurface hydrology,
biogeochemistry, and habitat functions in these low gradient riverine wetlands.
Therefore, it is the combination of surface and subsurface hydrology that
provides the water source and hydrodynamics for this wetland subclass.
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Cultural alteration of rivers, floodplains, and the landscape

Western Tennessee was settled rapidly after the Jackson-Shelby Treaty of
1818 (Tennessee State Planning Office 1978), and changes to the landscape
began immediately. The uplands were cleared of hardwood forests, but most
bottoms were left in forest cover. The volume of timber that was produced
helped make Memphis the world’s leading hardwood processing center during
the last half of the 19th Century (Barnhardt 1988). Cleared areas were planted in
corn, cotton, and tobacco, and the produce was shipped by river. Towns such as
Bolivar, Jackson, and Dyersburg developed as river ports. As early as 1825,
actions were undertaken to improve the river transportation in western Tennessee
(Tennessee State Planning Office 1978). In 1838, $93,000 was appropriated by
the state legislature to improve navigation on the Hatchie, Forked Deer, and
Obion Rivers. When the first steamboat arrived in Brownsville in 1828, the
Forked Deer and Hatchie Rivers were 12 ft deep, 50 ft wide, and navigable
through three-quarters of their length. During the 1830s, 100-ton steamships
may have navigated as far upstream as Jackson (Tennessee State Planning Office
1978).

Erosion was accelerated in western Tennessee by deforestation and the
farming practices of the 1800s (Barnhardt 1988). The loess and sandy soils of
the area eroded rapidly once trees were removed, resulting in gullies over 15 m
deep (Wells 1933, Barnhardt 1988). Areas were abandoned as erosion made
them unfit for cultivation (Hidinger and Morgan 1912, Wells 1933). Wells
(1933) compared these areas with the Badlands of the Dakotas. Prior to
European settlement, the floodplains of western Tennessee had vertical accretion
rates ranging from 0.02 to 0.09 cm a year (Wolfe and Diehl 1993). Wolfe and
Diehl (1993) estimated post-settlement sedimentation rates up to 3 cm a year
from their radiocarbon analysis of buried cypress stumps. They also made
several observations of floodplain soil layers in areas of the North Fork of the
Forked Deer River floodplain. They concluded that the poorly formed soils
represented from 1.5 to 3.6 m of sediment deposition in the century prior to 1930
(Wolfe and Diehl 1993). Barnhardt (1988) found evidence of 1 m of deposition
since the 1830s in gullies near Memphis.

By 1910, most of the upland areas (in the reference domain) were in
cultivation or pasture (Morgan and McCrory 1910). It was believed that
channelization and drainage would allow bottomlands to be farmed, thus the
value of those lands would increase. A law authorizing the formation of
drainage districts was enacted in 1910 (Ashley 1910a).

Early in the century, the channels of most western Tennessee streams were
filled with sediment and debris (Ashley 1910b) and the State began investigating
the feasibility and cost of flood control (Morgan and McCrory 1910, Hidinger
and Morgan 1912). Methods investigated included channelization and the
construction of “floodways” (Hidinger and Morgan 1912). Floodways consisted
of a pair of parallel levees built on each side of the natural river channel far
enough apart and of sufficient height to carry the river's floods. The
recommended method depended on the size of the watershed and the spacing and
number of tributaries entering the valley.
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In 1914, the first channelization project was begun on the South Fork of the
Forked Deer River, and by 1920, over 132 km of stream had been channelized
(Simon and Robbins 1987). By the mid 1920s, most of the streams in western
Tennessee, with the exception of the Hatchie River, had been channelized to
some extent. Channel work continued into the 1930s and 1940s on the Obion
River and its forks (Robbins and Simon 1982). Work conducted between 1938
and 1952 on the Hatchie River channel was limited to clearing snags, thus its
meandering course was preserved (Simon and Hupp 1992).

It is likely that the South Fork of the Forked Deer River was the first river to
be channelized because it offered the most cost-effective options (Hidinger and
Morgan 1912). It had a relatively wide valley for its drainage area and few
tributaries to complicate construction of levees. The Hatchie, on the other hand,
had numerous tributaries entering its valley at regular, relatively short intervals.
It also had a large drainage area relative to its valley width, so “reclamation” was
neither technically nor economically feasible (Hidinger and Morgan 1912).

Because of poor planning and coordination among the various drainage
districts, by 1929, many of the drainage ditches bisecting the Obion-Forked Deer
floodplains had not been maintained and no longer functioned (Tennessee State
Planning Commission 1936, Barstow 1971). With passage of the Flood Control
Act of 1948, the U.S. Army Corps of Engineers (USACE) began developing the
West Tennessee Tributaries Project (WTTP) (Shankman and Samson 1991,
Tennessee 1994). The USACE has coordinated most channelization projects in
the area since then (Shankman and Samson 1991).

The WTTP called for the channelization of 360 km of stream in the Obion
and Forked Deer River systems (Shankman and Samson 1991). The project
began in 1961 in the lowest reaches of the watersheds (Shankman and Samson
1991, Tennessee 1994). Work proceeded upstream into the lower reaches of the
Rutherford, South, Middle, and North Forks of the Obion and portions of the
North and South Forks of the Forked Deer River (Simon and Hupp 1987, Simon
and Robbins 1987, Tennessee State Planning Office 1994). A lawsuit for
noncompliance with the National Environmental Policy Act (NEPA) resulted in a
halt to the project by court order in 1970 (Shankman and Samson 1991,
Tennessee 1994), at which time approximately 128 km (35 percent) of the
planned channel work had been completed (Shankman and Samson 1991,
Tennessee 1994).

The WTTP had a considerable impact on the Obion and Forked Deer River
systems. Degradation progressed upstream of completed portions of the WTTP
at rates of 1.6 to 2.6 km per year (Simon and Robbins 1987). Degradation
dropped channel levels as much as 5 m, and mass wasting widened the channel
by 1 to 4 m per year (Simon and Hupp 1987). Sediment aggradation in lower
reaches of affected channels occurred at rates of 12 cm per year, with greater
rates at stream mouths (Simon and Hupp 1987). Twelve years after
channelization, 2 m of sediment had been deposited in lower reaches of the South
Fork of the Forked Deer River (Simon and Hupp 1992). Overall, affected
streams were shortened 44 percent, lowered 170 percent, and steepened
600 percent (Simon and Hupp 1992).
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Channelization and drainage projects have affected every river system in
western Tennessee. In the Obion and Forked Deer River basins, virtually all of
the rivers and most of the major tributaries have been channelized since 1920.
The Wolf River has been channelized and dredged in the lower and upper parts
of its watershed. Headcutting has progressed well above the channelized portion
and, as of 1999, had reached the Shelby:Fayatte county line. Even the Hatchie
River is not completely free of the effects of channelization, as many of its major
tributaries have been channelized, including one of the biggest, the Tuscumbia
River.

Tennessee has lost a substantial portion of its original BLHs as a result of the
WTTP and associated drainage efforts (Governor’s Interagency Wetlands
Committee 1994). Bottomland hardwoods along completed sections of the
WTTP were reduced 60 percent by 1971 and even oxbows and sloughs were lost
(Barstow 1971). In areas the project had not yet reached, BLHs were cleared and
ditches were constructed in anticipation of the drainage benefits (Barstow 1971).
Between 1940 and 1971, 404,000 ha of BLHs were reduced to 291,000 ha in
western Tennessee (Turner, Forsythe, and Craig 1981).

Description of reference standard sites

One reference standard site, the Hatchie National Wildlife Refuge (NWR)
(HR), is located in Haywood County about 6 km south of Brownsville where
[-40 crosses the Hatchie River. Part of the refuge extends downstream of 1-40,
but the majority of the refuge, including the area that was sampled, lies upstream.
Approximately 3,400 ha of BLHs are included in the upstream unit of the
Hatchie NWR; however, the valley of the Hatchie is almost completely forested
from the Mississippi River upstream to the Tennessee/Mississippi state line,
making HR part of a large forested corridor. With the exception of two short
sections of river (each less than 1,000 m), the main stem of the Hatchie River has
not been channelized in Tennessee. The watershed above the refuge is
approximately 5,440 km?.

The other reference standard area is within the Wolf River Wildlife
Management Area (WMA) located 1 km south of LaGrange in Fayette County.
About 1,200 ha comprise the WMA and it, too, is part of a larger forested
corridor. Plots were located upstream and downstream of Yager Drive. The
Wolf River has been channelized in its upper reaches in Mississippi and in its
downstream reaches in Memphis. The river in the study area has not been
channelized. There are 540 km” in the watershed above the WMA.
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4 Wetland Functions and
Assessment Models

The following functions performed by low gradient, riverine wetlands in
western Tennessee were selected for assessment.

a. Function 1: Temporarily Store Surface Water

b. Function 2: Maintain Characteristic Subsurface Hydrology

¢. Function 3: Cycle Nutrients

d. Function 4: Remove and Sequester Elements and Compounds

e. Function 5: Retain Particulates

/- Function 6: Export Organic Carbon

g. Function 7: Maintain Characteristic Plant Community

h. Function 8: Provide Habitat for Wildlife

The following sequence is used to present and discuss each of these functions:

Definition: defines the function and identifies an independent quantitative
measure that can be used to validate the functional index.

Rationale for selecting the function: provides the rationale for why a
function was selected and discusses onsite and offsite effects that may occur
as a result of lost functional capacity.

Characteristics and processes that influence the function: describes the
characteristics and processes of the wetland and the surrounding landscape
that influence the function and lay the groundwork for the description of
model variables.

Description of model variables: defines and discusses model variables and
describes how each model variable is measured for the flats zone. Appen-

Chapter 4 Wetland Functions and Assessment Models



dix B contains graphs for transforming field measurements to indices for all
zones.

Functional capacity index: describes the assessment model from which the
functional capacity index is derived and discusses how model variables
interact to influence functional capacity.

Function 1: Temporarily Store Surface Water
Definition

Temporarily Store Surface Water is defined as the capacity of a riverine
wetland to temporarily store and convey floodwaters that inundate riverine
wetlands during overbank flood events. Most of the water that is stored and
conveyed originates from an adjacent stream channel. However, other potential
sources of water include: (a) precipitation, (b) surface water from adjacent
uplands transported to the wetland via surface channels or overland flow, and
(c) subsurface water from adjacent uplands transported to the wetland as
interflow or shallow groundwater and discharging at the edge or interior of the
floodplain. A potential independent, quantitative measure for validating the
functional index is the volume of water stored per unit area per unit time
(m*/ha/time) at a discharge that is equivalent to the average annual peak event.

Rationale for selecting the function

The capacity of riverine wetlands to temporarily store and convey floodwater
has been extensively documented (Campbell and Johnson 1975; Demissie and
Kahn 1993; Dewey and Kropper Engineers 1964; Dybvig and Hart 1977;
Novitski 1978; Ogawa and Male 1983, 1986; Thomas and Hanson 1981). Many
benefits related to the reduction of flood damage occur as a result of wetlands
performing the function. For example, wetlands can reduce the velocity of the
flood wave and, as a result, reduce peak discharge downstream. Similarly,
wetlands can reduce the velocity of water currents and, as a result, reduce
damage from erosion forces (Ritter, Kochel, and Miller 1995).

In addition to these direct benefits, there are a number of ecological processes
that occur in riverine wetlands that depend on the periodic inundation that results
from overbank floods. For example, as the velocity of the overbank flow is
reduced, inorganic sediments and particulate organic matter settle out of the
water column (James 1985; Nicholas and Walling 1996; Ritter, Kinsey, and
Kauffman 1973; Walling, Quine, and He 1992). This provides a nutrient subsidy
to plant communities on the floodplain and can contribute to an improvement in
the quality of water in streams and rivers (Mitsch, Dorge, and Wiemhoft 1979).
As floodwater inundates riverine wetlands, it also provides access to floodplain
feeding and reproductive areas for fish and other aquatic organisms (Cobb 1989;
Cobb 1997; Fremling et al. 1989; Guillory 1979; Gunderson 1968; Junk, Bayley,
and Sparks 1989; Kilgore and Baker 1996; Ross and Baker 1983; Scott and
Nielson 1989; Welcomme 1979) and serves as a transport mechanism for plant
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propagules which may be important to the dispersal and regeneration of certain
plant species (Johansson, Nilsson, and Nilsson 1996; Nilsson, Gardfjell, and
Grelsson 1991; Schneider and Sharitz 1988). Finally, overbank floodwater
facilitates the export of particulate and dissolved organic carbon from the riverine
wetland to downstream aquatic food webs (Anderson and Sedell 1979,
Mulholland and Kuenzler 1979).

Characteristics and processes that influence the function

The characteristics and processes that influence the capacity of a wetland to
temporarily store floodwater are related to climate, watershed characteristics, and
conditions in the stream channel adjacent to the wetland, as well as conditions in
the wetland itself. In general, the intensity, duration, and areal extent of
precipitation events affect the magnitude of the stormflow response. Typically,
the higher the intensity, the longer the duration, and the greater the areal extent of
a particular rainfall event, the greater the flood peak. Watershed characteristics
such as size and shape, channel and watershed slopes, drainage density, and the
presence of wetlands and lakes have a pronounced effect on the stormflow
response (Brooks et al. 1991; Dunne and Leopold 1978; Leopold 1994; Patton
1988; Ritter, Kochel, and Miller 1995). The larger the watershed, the greater the
volume and peak of streamflow for rainfall events. Watershed shape affects how
quickly surface and subsurface flows reach the outlet to the watershed. For
example, a round-shaped watershed concentrates runoff more quickly than an
elongated one and will tend to have higher peak flows. Steeper hillslopes and
channel gradients also result in quicker response and higher peak flows. The
higher the drainage density (i.e., the sum of all the channel lengths divided by the
watershed area), the faster water is concentrated at the watershed outlet and the
higher the peak. As the percentage of wetland area and/or reservoirs increases,
the greater the flattening effect (attenuation of) on the stormflow hydrograph. In
general, these climatic and watershed characteristics are the same in a given
region and are considered constant for the purposes of rapid assessment.
However, site-specific characteristics of riverine wetlands can vary and are the
emphasis of this function.

Depth, frequency, and duration of flooding in the wetland are the
manifestation of the watershed stormflow response and the characteristics
mentioned above. Conditions conducive to flooding are dictated, to a large
degree, by the nature of the stream channel and its floodplain. The morphology
of the stream channel and its floodplain reflect the discharges and sediment loads
that have occurred in the past. Under stable flow and sediment conditions, the
stream and its floodplain will eventually achieve equilibrium. Alteration to the
stream channel or its watershed may cause instability that results in channel
aggradation or degradation and a change in depth, frequency, and duration of
overbank flow events (Dunne and Leopold 1978; Rosgen 1994). As the stream
channel aggrades, available water storage in the channel decreases, resulting in
greater depth, frequency, and duration of flooding and an increase in the amount
of surface water stored in the wetland over an annual cycle. Conversely, as the
stream channel degrades, available water storage in the channel increases,
resulting in less depth, frequency, and duration of flooding and a decrease in the
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amount of surface water stored in the wetland over an annual cycle. The duration
of water storage is secondarily influenced by the slope and roughness of the
floodplain. Slope refers to the gradient of the floodplain across which
floodwaters flow. Roughness refers to the resistance to flow created by
vegetation, debris, and topographic relief. In general, duration increases as
roughness increases and slope decreases.

Description of model variables

Overbank Flood Frequency (Vgo). This variable represents the
frequency at which water from a stream overtops its banks (i.e., exceeds
channel-full discharge) and inundates riverine wetlands on the floodplain.
Overbank flood frequency at the scale of the riverine wetland reflects upstream
watershed and channel conditions. In the context of this function, overbank
flood frequency indicates how often peak seasonal discharges inundate a riverine
wetland and allow surface water to be temporarily stored.

Sometimes gages are located near the area(s) being evaluated and information
from them can be used to directly assign subindex scores for this variable.
Similarly, if flood frequency information is available from reliable sources, it
may be used. In both instances, a return interval of <1.5 years is assigned a
subindex of 1.0 with scores declining linearly to 0.1 at <10 years as in Ainslie et
al. (1999). Where such information is not available, a fluvial geomorphic
regional curve of channel cross-sectional area (Smith and Turrini-Smith 1999) is
used to quantify this variable (see Appendix C). Overbank flood frequency is a
function of discharge and channel capacity (cross-sectional area) and can be
measured using the following procedure.

(1) Determine cross-sectional area of the channel adjacent to the wetland
assessment area.

(2) Report the factor of departure of the measured channel cross-sectional
area adjacent to the wetland

assessment area from the expected
channel cross-sectional area (7) Overbank Flood Frequency
obtained from the regional curve or 14
regression equation. 0.9
. 08—
207
In western Tennessee reference £ 06
standard wetlands, channel cross-sectional ® 0.5
area is described by the regression % 0.4
equation 16.4 x drainage area””’. Based 503
on the fluvial geomorphic regional curve 0.2
of channel cross-sectional area (Smith and 017
Turrini-Smith 1999), sites adjacent to 0 ‘ ‘ ‘
) . 2 : 1t02 >2to4 >4
rivers with areas within a factpr of 2 are Factor of departure from curve
assigned a subindex of 1.0 (Figure 3).

Sites adjacent to channels with a departure Figure 3. Function 1: Relationship between

from the curve by a factor of >2 to 4 are channel cross-sectional area and
functional capacity
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assigned a subindex of 0.5. Sites with a departure of greater than 4 are assigned a
subindex of 0.1. This is based on the assumption that where entrenchment,
channelization, or levees effectively increase the cross-sectional area of the
channel, a greater discharge is required to overtop the bank and innundate the
riverine wetland. Since greater discharges occur with less frequency, the volume
of water temporarily stored in riverine wetlands is less than that characteristically
stored at reference standard sites. The rationale at which the subindex is scaled is
based on data from the USGS gage at Bolivar for the growing season over a 67-
year period, and the magnitude of scatter within the data used to develop the
regional curve (Appendix C). Model validation will help refine the actual nature
of this relationship.

Floodplain Storage Volume (V). This variable represents the volume
that is available for storing surface water during overbank flood events. In
western Tennessee, the loss of storage volume is usually a result of levees, roads,
or other man-made structures that reduce the effective width of the floodplain at
least below the design discharge. In the context of this function, this variable is
designed to detect changes in storage volume that result from these types of
structures.

b.

[1100 Year Flood Elevation

<. ........

The ratio of floodplain
width to channel width is
used to quantify this
variable. Floodplain
width is defined as the
distance between the 100-

Channel Width

Floodplain Width

......................................... > year flood elevation

Channel Width contour lines on opposite
N sides of the stream
measured perpendicular to
the channel (Figure 4a).
Where artificial levees, or
roads that function as
levees, occur, floodplain
width is the distance

Channel Width
CERE S

Figure 4.
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between the riverside toe
of the levee or road and
the 100-year flood elevation contour (Figure 4b) or the riverside toe of a levee or
road on the opposite side of the stream (Figure 4c). Channel width is defined as
the distance between the top of the channel banks measured perpendicular to the
channel. As the ratio decreases, floodplain storage volume decreases.

Determining floodplain width and channel width

Measure the ratio of floodplain width to channel width with the following
procedure.
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(1) Measure the width of the floodplain

and the width of the channel using (5) Floodplain Storage Volume
surveying equipment or by pacing 17

. . 0.9 —
in the field. A crude estimate can 0.6
be made using topographic maps or é 0.7 -
aerial photos, remembering that <064
. 3

short distances on maps and @ 05
photographs translate into long 5 04
distances on the ground (i.e., the 5037

. . . > 0.2
width of a section line on a ot
1:24,000 USGS topographic map o Y
represents about 9.1 m (30 ft) on 1 5 10 15 20 25 30 35 40 45 50 >55
the ground). Ratio of floodplain width to channel

Figure 5. Function 1: Relationship between the
ratio of floodplain width to channel
width and functional capacity

(2) Calculate the ratio by dividing the
floodplain width by the channel
width.

(3) Report the ratio of floodplain width to channel width as a unitless
number.

In western Tennessee reference wetlands, the ratio of floodplain width to
channel width ranged from 35 to 175 (Appendix D). Based on the range of
values at reference standard wetlands, a variable subindex of 1.0 is assigned to
ratios >53 (Figure 5). Smaller ratios are assigned a linearly decreasing subindex
down to O at a ratio of 1. This is based on the assumption that the ratio of
floodplain width to channel width is linearly related to the capacity of riverine
wetlands to temporarily store surface water.

Floodplain Slope (Vg opg). This variable represents the longitudinal slope of
the floodplain in the vicinity of the riverine wetland. The relationship between
slope and the temporary storage of surface water is based on the proportional
relationship between slope and velocity in Manning’s equation:

1.49 x R*? x §'?

V= p, (1)

where
V' = mean velocity of flow (ft/s)
R = hydraulic radius (ft)
S =slope (ft/ft)

n = roughness coefficient

Chapter 4 Wetland Functions and Assessment Models 35



Generally, the flatter the slope, the slower the water moves through the riverine
wetland. In the context of this function, the variable is only likely to change
significantly when the slope of the floodplain has been altered by surface mining,
the placement of structures in the channel, or other slope altering activities.

Percent floodplain slope is used to quantify this variable. Measure it with the
following procedure.

(1) Determine the change in elevation between two points along the
floodplain center line (i.e., center
line of the meander belt of the
active channel) on a river reach
representative of the area being
assessed (Figure 6). This can be
accomplished using the contour
lines on a standard 7.5 minute
USGS topographic map. The
distance between the two points
should be great enough so that
local anomalies in floodplain slope
do not influence the result. Asa
rule of thumb, the line between the
two points should intersect at least
two contour lines on a 1:24,000
scale (7.5 minute) USGS
topographic map (Figure 6).

100 year flood elevation

Stream Channel

20' Elevation Contour

Floodplain Centerline

10’ Elevation’Contour

Figure 6. Measuring floodplain slope (2) Determine the straight line
distance between the two
points.

(3) Divide the change in elevation by the distance between the two points.
For example, if the change in elevation between the two points is 0.5 m
(1.5 ft) and the distance between the two points is 1.6 km (1 mile), the
slope is 0.5 m /1,000 m = 0.05.

(4) Convert the slope to a percent slope by multiplying by 100.

(5) Report floodplain slope as a percent.

In western Tennessee reference wetlands, floodplain slopes ranged from 0.01-

0.09 percent (Appendix D). Reference standard wetland sites had floodplain
slopes of 0.04 percent. A variable subindex of 1.0 is assigned to floodplain
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slopes <0.09 percent (Figure 7). In the ]
western Tennessee reference domain, no (4) Floodplain Slope
large scale floodplain alterations have o ; ]
occured, thus this variable normally will 0.8
have a subindex value of 1.0. § 0.7
:g 0.6 —

Floodplain Roughness (Vrougn)- % gjj:
This variable represents the resistance to 803
the flow of surface water resulting from Lo2-
physical structures on the floodplain. 0.1
The relationship between roughness and ° 0 ‘01 | 0 ‘03 | 0 ‘05 | 0 ‘07 | 0 ‘09 |
the velocity of surface water flow is <0.01 002 004 006 008 >1
expressed by Manning’s equation which Floodplain Slope (%)

indicates that as roughness increases,
velocity decreases and storage time
increases (Equation 1). Several factors
contribute to roughness, including the
soil surface, surface irregularities (e.g.,
micro- and macrotopographic relief), obstructions to flow (e.g., stumps and
coarse woody debris), and resistance due to vegetation structure (trees, saplings,
shrubs, and herbs). Depth of flow is also an important consideration in
determining roughness because as water depth increases, obstructions are
overtopped and cease to be a source of friction or turbulence, causing the
roughness coefficient to decrease.

Figure 7. Function 1: Relationship between
floodplain slope and functional
capacity

Manning’s roughness coefficient (n) is used to quantify this variable.
Measure #n at the depth of flooding indicated by onsite data (e.g., stage recorder)
or by hydrologic indicators (i.e., silt lines, water marks, bryophyte - lichen lines,
debris lines, etc.). If onsite data or indicators are not present, evaluate » at or
slightly above ground surface (i.e., within 0.3 m (1 ft)). Once the depth of
flooding is determined, measure # using one of the following procedures.

(1) Alternative 1: Use Arcement and Schneider’s (1989) method for
estimating Manning’s roughness coefficient, based on a characterization
of the different components that contribute to roughness on floodplains
which include micro- and macrotopographic relief (71gpp), Obstruction
(nops), and vegetation (ny;). The following steps are need