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Abstract

The Hydrogeomorphic (HGM) Approach is a method for developing and
applying indices for the site-specific assessment of wetland functions. The
HGM Approach was initially designed to be used in the context of the
Clean Water Act Section 404 Regulatory Program permit review process to
analyze project alternatives, minimize impacts, assess unavoidable
impacts, determine mitigation requirements, and monitor the success of
compensatory mitigation. However, a variety of other potential uses have
been identified, including the design of wetland restoration projects, and
management of wetlands. This Regional Guidebook presents the HGM
Approach for assessing the functions of most of the wetlands that occur in
alluvial valleys of the Coastal Plain of the Southeast United States. The
report begins with an overview of the HGM Approach and then classifies
and characterizes the principal wetlands that have been identified within
the region. Detailed HGM assessment models and protocols are presented
for four of those wetland types, or subclasses: Headwater Slope, Low-
gradient Riverine, Mid-gradient Riverine, and Connected Depression. For
each wetland subclass, the guidebook presents (a) the rationale used to
select the wetland functions considered in the assessment process, (b) the
rationale used to select assessment models, and (d) the functional index
calibration curves developed from reference wetlands that are used in the
assessment models. The guidebook outlines an assessment protocol for
using the model variables and functional indices to assess each of the
wetland subclasses. The appendices provide field data collection forms and
spreadsheets for making calculations.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Preface

This work was performed by the U. S. Army Engineer Research and
Development Center (ERDC). Funding was provided through the
Wetlands Regulatory Assistance Program. This report was prepared in
accordance with guidelines established by ERDC and the methods and
protocols used to develop this Guidebook were closely coordinated with
similar projects undertaken for Low-gradient Riverine wetlands in western
Kentucky (Ainslie et al. 1999), the Coastal Plain of western Tennessee
(Wilder and Roberts 2002), eastern Arkansas (Klimas et al. 2005) and
eastern Texas (Williams et al. 2010), and for Coastal Plain Headwater
Slope wetlands in Mississippi and Alabama (Noble et al. 2007), and South
Carolina (Noble et al. 2011). Therefore, portions of the text and some
figures are similar or identical to sections of those HGM guidebooks.
Select models were adapted for application across the entire Coastal Plain,
and variables were chosen to improve efficiency of assessment. Reference
data sets from these guidebooks, except for that of Ainslie et al. (1999),
were added to the reference data collected from across the Coastal Plain
for calibration of the models for use across the greater region. This
guidebook reflects current concepts in HGM wetland assessment, the
application of which are generally quicker than earlier guidebooks without
loss of precision. Previous assessments using the earlier guidebooks are
valid and need not be repeated or duplicated. Results will be similar to
those obtained using this guidebook.

The Assessment Team (A-Team) members for the development of this
guidebook were (in alphabetical order and with their affiliation), Bill Ainslie
(EPA, Region IV), the late Dr. Mark Brinson (East Carolina University),

Dr. Richard Darden (Corps of Engineers, Charleston District), Justin
Hammonds (Corps of Engineers, Savannah District), Dave Lekson (Corps of
Engineers, Wilmington District), Les Parker (Corps of Engineers,
Charleston District), Dr. Richard Rheinhardt (East Carolina University),

Dr. Thomas Roberts (Tennessee Technological University), Dr. Hans
Williams (Stephen F Austin University), Timothy Wilder (ERDC-EL), Tad
Zebryk (Corps of Engineers, Mobile District), and Mike Zeman (Natural
Resource Conservation Service, Nashville, TN). Significant contributions to
field data collected for this guidebook were made by Jill Clancy (Corps of
Engineers, St. Paul District), Keith Daily, Darinda Dans, Levi Gibson, Penny
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Gibson, Rachael McNeese Erwin, and Adam Miller, all affiliated with
Stephen F Austin University. Elizabeth O. Murray of ERDC-EL created
some of the figures, the field data sheets in Appendix C, and FCI spread-
sheet calculator for use with the guidebook. Critical reviews were provided
by Darrell Evans and Dr. Bruce Pruitt of ERDC-EL and externally by

Dr. Kenneth Morgan (Tennessee Technological University) and

Dr. Christopher Anderson (Auburn University).

At the time this final draft was prepared, Patrick O’Brien, P.E., was Chief
of the Wetlands and Coastal Ecology Branch, Environmental Laboratory
(EL); Dr. Edmond Russo was Chief of the Ecosystem Evaluation and
Engineering Division, EL; Sally Yost was Program Manager, WRAP, and
the Director of the EL was Dr. Elizabeth C. Fleming.

COL Kevin J. Wilson was Commander of ERDC. Dr. Jeffery P. Holland
was Director.

This report should be cited as: Wilder, T. C., R. D. Rheinhardt, C. V. Noble.
2013. A regional guidebook for applying the hydrogeomorphic approach
to assessing wetland functions of forested wetlands in alluvial valleys of
the Coastal Plain of the Southeastern United States. ERDC/EL TR-13-1.
Vicksburg, MS: U.S. Army Engineer Research and Development Center.
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1

Introduction

Background

The Hydrogeomorphic (HGM) Approach is a system for developing
functional indices to assess the capacity of a wetland to perform functions
comparable 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 process 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 wetland restoration projects, and managing
wetlands.

In the HGM Approach, the functional indices and assessment protocols
used to assess a specific type of wetland in a specific geographic region are
published in a document referred to as a Regional Guidebook. Guidelines
for developing Regional Guidebooks were published in the National Action
Plan developed cooperatively by the U.S. Army Corps of Engineers
(USACE), U.S. Environmental Protection Agency (USEPA), U.S. Depart-
ment of Agriculture (USDA), Natural Resources Conservation Service
(NRCS), Federal Highway Administration (FHWA), and U.S. Fish and
Wildlife Service (USFWS) (Federal Register 1997). The Action Plan,
available online at http://www.epa.gov/ OWOW/wetlands/science/hgm.html, outlines a
strategy for developing Regional Guidebooks throughout the United States,
provides guidelines and a specific set of tasks required to develop a Regional
Guidebook under the HGM Approach, and solicits the cooperation and
participation of Federal, state, and local agencies, academia, and the private
sector.

This Regional Guidebook presents a hydrogeomorphic classification of
wetlands that occur within alluvial valleys of the Coastal Plain of the
southeastern United States, except for tidally influenced wetlands. Detailed
functional assessment criteria and models are presented for four of the most
common of those wetland types. The rationale for concentrating on these
four subclasses and excluding others is given along with descriptions of the
subclasses. This report is organized in the following manner. Chapter 1
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provides the background, objectives, and organization of the document.
Chapter 2 provides a brief overview of the major components of the HGM
Approach, including the procedures recommended for the development and
application of Regional Guidebooks. Chapter 3 characterizes the regional
wetland subclasses in the alluvial valleys of the Coastal Plain. Chapter 4
discusses the wetland functions, assessment variables, functional indices,
and assessment models to specific regional wetland subclasses and defines
the relationship of assessment variables to reference data. Chapter 5
outlines the assessment protocol for conducting a functional assessment of
regional wetland subclasses in the alluvial valleys of the Coastal Plain.
Appendix A contains a glossary. Appendix B presents preliminary project
documentation and field sampling guidance. Field data forms are presented
in Appendix C, and Appendix D contains lists of scientific names of woody
plant species observed on reference standard sites and supplementary
information and examples on assessing specific variables.

It is possible to assess the functions of Coastal Plain alluvial valley
wetlands using only the information contained in Chapter 5, but users
should familiarize themselves with the information in Chapters 2-4 prior
to conducting an assessment.
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2 Overview of the Hydrogeomorphic
Approach

Development and Application Phases

The HGM Approach consists of four components: (a) the HGM classifica-
tion; (b) reference wetlands; (c) assessment variables and assessment
models from which functional indices are derived; and (d) assessment
protocols. The HGM Approach is conducted in two phases. An inter-
disciplinary Assessment Team (A-Team) of experts carries out the
Development Phase of the HGM Approach. The task of the Assessment
Team is to develop and integrate the classification, reference wetland data
and information, assessment variables, models, and protocols of the HGM
Approach into a Regional Guidebook (Figure 1) (Smith and Noble in
preparation).

Phases of the HGM Approach |

Development Phase (Assessment Team)

- Apply HGM Classification
- ldentify Reference Wetlands
- Develop Functional Indices

HGM
Regional
Guidebook

- Develop Assessment Protocols

Application Phase (End User)
- Characterize Project Site

Project
- Screen for Red Flags Assesjsment
- Define Assessment Area(s) Results
- Collect Data

- Calculate Functional Indices

Figure 1. Development and application phases of the HGM Approach (modified from
Ainslie et al. 1999).

In developing a Regional Guidebook, the Assessment Team completes the
tasks outlined in the National Action Plan for Implementation of the HGM
Approach (Federal Register 1997). After organization and training, the
first task of the team is to classify the wetlands of the region of interest
into regional wetland subclasses using the principles and criteria of
Hydrogeomorphic Classification (Brinson 1993b; Smith et al. 1995). Next,
focusing on specific regional wetland subclasses, the team develops an
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ecological characterization or functional profile of each subclass. The
Assessment Team then identifies the important wetland functions,
conceptualizes assessment models, identifies assessment variables to
represent the characteristics and processes that influence each function,
and defines metrics for quantifying assessment variables. Next, reference
wetlands are identified to represent the range of variability exhibited by
each regional subclass, and field data are collected and used to calibrate
assessment variables and indices used in the assessment models. Finally,
the team develops the assessment protocols necessary for regulators,
managers, consultants, and other end users to apply the indices to the
assessment of wetland functions in the context of 404 Permit review,
restoration planning, and similar applications.

During the Application Phase, the assessment variables, models and
protocols are used to assess wetland functions. This involves two steps.
The first is to apply the assessment protocols outlined in the Regional
Guidebook to complete the following tasks:

e Define assessment objectives;

e Characterize the project site;

e Screen for red flags;

e Define the Wetland Assessment Area;
e Collect field data; and

e Analyze field data.

The second step involves applying the results of the assessment at various
decision-making points in the planning or permit review sequence, such as
alternatives analyses, impact 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. Each of the components of the HGM Approach that are
developed and integrated into the Regional Guidebook is discussed briefly
below. More extensive treatment of these components can be found in
Brinson (1993a; 1993b), Brinson et al. (1998), Smith et al. (1995), and
Hauer and Smith (1998).

Hydrogeomorphic Classification

Wetland ecosystems share a number of common attributes including
hydrophytic vegetation, hydric soils, and relatively long periods of
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inundation or saturation. In spite of these common attributes, wetlands
occur under a wide range of climatic, geologic, and physiographic situations
and exhibit a variety of physical, chemical, and biological characteristics and
processes (Cowardin et al. 1979; Mitch and Gosselink 1993). 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.
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 1993b). It identifies groups of wetlands using three criteria that
fundamentally influence how wetlands function: 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
origin of the water that sustains wetland characteristics, such as precipita-
tion, floodwater, or groundwater. Hydrodynamics refers to the level of
energy with which water moves through the wetland, and the direction of
water movement.

Based on these three classification criteria, any number of functional
wetland groups can be identified at different spatial or temporal scales.
For example, at a continental scale, Brinson (1993b) identified five
hydrogeomorphic wetland classes. These were later expanded to the seven
classes described in Table 1 (Smith et al. 1995).

Generally, the level of variability encompassed by wetlands at the
continental scale of hydrogeomorphic classification is too great to allow
development of assessment indices that can be applied rapidly and still
retain the level of sensitivity necessary to detect changes in function at a
level of resolution appropriate to the 404 permit review. In order to reduce
both inter- and intraregional variability, the three classification criteria
must be applied at a smaller, regional geographic scale; thus creating
regional wetland subclasses. In many parts of the country, existing wetland
classifications can serve as a starting point for identifying these regional
subclasses (e.g., Golet and Larson 1974; Stewart and Kantrud 1971; Wharton
et al. 1982). Regional subclasses, like the continental scale wetland classes,
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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 lowest point 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 infiltration 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 river flow 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
flow controlled by floodplain slope of Riverine wetlands. Since 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 by 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 overflow with no channel formation, or a channel that only
serves to convey water away from the slope wetland, rather than deliver water to it. 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 ground-
water discharge is a dominant source to the wetland surface. Slope wetlands lose water
primarily by saturated subsurface flows, loss via a low-order stream, and by evapotrans-
piration. Slope wetlands are distinguished from depressional 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 infiltration to underlying groundwater. They
are distinguished from flat upland areas by their poor vertical drainage due to
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HGM Wetland

Class Definition
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.

Organic Saoll 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 the 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 wetlands,
depressions, poorly drained flats, 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 evaporation. 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.

are distinguished on the basis of geomorphic setting, water source, and
hydrodynamics. Examples of potential regional subclasses are shown in
Table 2. In addition, certain ecosystem or landscape characteristics may be
useful for distinguishing regional subclasses. For example, depression
subclasses might be based on water source (i.e., rainfall versus surface
flooding) or the degree of connection between the wetland and other surface
waters (i.e., the flow of surface water in 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 or landscape position. Riverine subclasses might be based
on position in the watershed, stream order, watershed size, channel
gradient, or floodplain width. Regional Guidebooks include a thorough
characterization of the regional wetland subclass in terms of geomorphic
setting, water sources, hydrodynamics, vegetation, soil, and other features
that were taken into consideration during the classification process.
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Table 2. Potential regional wetland subclasses in relation to classification criteria.

Classification Criteria Potential Regional Wetland Subclasses
Geomorphic | Dominant Water | Dominant Western
Setting Source Hydrodynamics | Eastern USA USA/Alaska
Depression Groundwater or | Vertical Prairie potholes, California vernal

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

tidal marshes

Fringe Lake Bidirectional, | Great Lakes Flathead Lake

(lacustrine) horizontal marshes marshes

Slope Groundwater Unidirectional, | Headwater Avalanche chutes

horizontal wetlands

Flat (mineral | Precipitation Vertical Wet pine flatwoods | Large playas

soil)

Flat (organic | Precipitation Vertical Peat bogs; portions | Peatlands over

soil) of Everglades permafrost

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

Adapted from Smith et al. (1995), and (Rheinhardt et al. 1997).

Reference Wetlands

Reference wetlands are 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 provides the data necessary for calibrating model
variables and assessment models. Finally, they provide a concrete physical
representation of wetland ecosystems that can be observed and measured.
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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 alterations.

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, functional capacity indices for all functions in
reference standard wetlands are assigned a value of 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.

Assessment Models and Functional Indices

In the HGM Approach, an assessment model is a simple representation of a
function performed by a wetland ecosystem. The assessment model defines
the relationship between the characteristics and processes of the wetland
ecosystem and the surrounding landscape that influence the functional
capacity of a wetland ecosystem. Characteristics and processes are
represented in the assessment model by assessment variables. Functional
capacity is the ability of a wetland to perform a specific function in a
manner comparable to that of reference standard wetlands. Application of
assessment models results in a Functional Capacity Index (FCI) ranging
from 0.0 to 1.0. Wetlands with an FCI of 1.0 perform the assessed function
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Canopy Tree Density
at a level that is characteristic of reference (VTDEN)

standard wetlands. A lower FCI indicates that
the wetland is performing a function at a level 08 |
different than that characteristic of reference
standard wetlands.

For example, the following equation shows an
assessment model that could be used to assess
the capacity of a wetland to support a 0 —————

0 100 200 300 400 500 600 700

characteristic plant community. Stems/ha

Figure 2. Example subindex graph for the
VTD + VTDEN tree density (Vroen) assessment variable for
2 + VCOMP a particular wetland subclass.

2

FCI:[

This assessment model has three assessment variables: mean tree diameter
(Vrp), tree density (Vrpen), and tree species composition (Veomp) that
together represent the maturity and quality of the wetland’s plant
community.

The state or condition of an assessment variable is indicated by the value
of the metric used to assess a variable, and the metric used is normally one
commonly used in ecological studies. For example, tree basal area (m2/ha)
is often used to assess tree biomass in a wetland, with larger numbers
usually indicating greater stand maturity and increasing functionality for
several different wetland functions where tree biomass is an important
consideration.

The value of the variable subindex is assigned based on the value of the
assessment variable metric value. When the metric value of an assessment
variable is within the range of conditions exhibited by reference standard
wetlands, a variable subindex of 1.0 is assigned. As the metric value deflects
in either direction from the reference standard condition, the variable
subindex decreases based on a defined relationship between metric values
and functional capacity. Thus, as the metric value deviates from the
conditions documented in reference standard wetlands, it receives a
progressively lower subindex reflecting the decreased functional capacity of
the wetland. Figure 2 illustrates the relationship between metric values of
tree density (Vrpen) and the variable subindex for an example wetland
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subclass. As shown in the graph, tree densities of 200 to 400 stems/ha
represent reference standard conditions, based on field studies, and a
variable subindex of 1.0 is assigned for assessment models where tree
density is a component. Where tree densities are higher or lower than those
found in reference standard conditions, a lesser variable subindex value is
assigned.

Assessment Protocol

All of the steps described in the preceding sections concern development
of the assessment tools and the rationale used to produce this Regional
Guidebook. Although users of the guidebook should be familiar with this
process, their primary concern will be the protocol for application of the
assessment procedures. The assessment protocol is a defined set of tasks,
along with specific instructions, that allows resource professionals to
assess the functions of a particular wetland area using the assessment
models and functional indices in the Regional Guidebook. The first task
includes characterizing 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 assessment variables. The final tasks involve the
calculation of FCIs using the protocols described in detail in Chapter 5,
and calculation of Functional Capacity Units (FCUs) for the wetland
assessed. FCUs incorporate the size of the wetland assessment area by
multiplying it by the FCI (Smith et al. 1995).
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3 Characterization of Alluvial Valley
Wetlands of the Atlantic and Gulf Coastal
Plains

Reference Domain

This HGM guidebook applies to selected freshwater wetland types of
alluvial valleys, excluding those influenced by marine tides, in the Atlantic
and Gulf Coastal Plain Physiographic Provinces. These provinces of the
southeastern United States, lying between the Fall Line of the Piedmont
and the coastal margin (Figure 3), comprise the reference domain for this
guidebook. This reference domain extends south from Virginia to Georgia
(Atlantic section) and west from Georgia to eastern Texas (Gulf section).
The Gulf section is bisected by the Mississippi Delta Region, which is the
former alluvial floodplain of the Mississippi River. The Delta divides the
Texas, Louisiana, and Arkansas portions of the Coastal Plain from the
Coastal Plain portions of Kentucky, Tennessee, and Mississippi. The Delta
itself is not included in this guidebook, as the authors judged it to be
sufficiently different in character to warrant treatment as its own reference
domain.

The southeastern U.S. Coastal Plain varies from 30 km in width in
northern Virginia to about 300 km in width in Alabama. In addition, the
upland landscape of the Coastal Plain varies widely in topographic relief,
ranging from the extremely broad, flat, low-elevation, outer coastal
terraces of the Tidewater Region to moderately hilly terrain of the inner
Coastal Plain in north-central Alabama (elevations to 600 ft). Across this
variable upland landscape, stream gradients are low (< 0.5%) (Rheinhardt
et al. 1998), especially among third and higher order streams. In the
sandy, hill country of the Coastal Plain of northern Alabama, intermittent
and perennial streams occur in valleys separating the high-elevation hills,
but these stream gradients are subdued, like Coastal Plain streams
elsewhere in the reference domain.

Though the reference domain covered in this guidebook is large (658,000
km?), alluvial valleys are remarkably similar across it. Wetlands associated
with Coastal Plain alluvial valleys function similarly and HGM models can
be designed to work effectively across the entire domain. The key to
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Figure 3. Reference domain for alluvial valley wetlands of the Coastal Plain. Reference
wetland sites are indicated with red dots.

designing effective models is to sub-classify wetlands, using reference data,
so that the natural variability inherent in these wetlands can be reduced
sufficiently to differentiate conditions caused by man-made alterations. The
following sections discuss geologic, edaphic, climatic, and hydrogeomorphic
factors that affect natural variability among alluvial valley wetlands across
the reference domain with emphasis on those that drove the authors’
classification, model development, and the identification of reference
standards. The classification section summarizes the criteria used to sub-
classify the wetlands discussed in this guidebook and describes differences
in forest canopy composition among the identified subclasses, based on
reference data collected across the reference domain and collected by other
scientists. The final section summarizes the most common human altera-
tions to each of the Riverine wetland subclasses and how those alterations
affect the physical, chemical, and biological integrity of Waters of the United
States.

Geologic History

Since the beginning of the Pleistocene Epoch (2.58 Ma), the sea has
advanced and retreated across the Coastal Plain at least six times with the
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advance and retreat of continental glaciers (Balco and Rovey II 2010).
During each glacial advance, sea level dropped as more planetary water
was tied up as continental ice, exposing more of the Continental Shelf, and
during each interglacial period, sea levels rose as glaciers melted, re-
submerging the exposed coastal plain.

The last retreat of seas began about 100 ka at the beginning of the
Wisconsin glacial period, eventually exposing much of the Continental
Shelf by the time of glacial maximum (21 ka). The sea did not recede at a
uniform rate. Retreat stalled numerous times, and the ancient coastlines of
these stalled retreats are marked on the present landscape with sharp
changes in elevation, called scarps (Phillips 1997). The elevation of some
scarps change by only a few meters over tens of meters distance, but are
distinct geomorphic features in a landscape where elevations change less
than one meter over several kilometers distance. Marine terraces, sloping
slightly seaward, lie between these scarps. The age and dissection of these
formations increase with distance from the modern coast to the Piedmont.
Terraces located further inland are more dissected and stream channels —
especially in headwater reaches — tend to have slightly steeper gradients
than streams on terraces located more coastward.

The geomorphic evolution of Coastal Plain rivers during the last 30,000
years has been attributed almost solely to climatically driven changes
(Alford and Holmes 1985; Baker and Penteado-Orellana 1977; Leigh 2008;
Suther et al. 2011; Sylvia and Galloway 2006). That is, glacial melting and
periglacial conditions are not considered to have been significant in driving
floodplain and channel evolution following the Pleistocene, except in some
mountainous headwaters inland from the Atlantic coast.

Before 16 ka (Late Pleistocene), the climate was dry, cold, and windy.
Floodplains were sparsely vegetated with patches of spruce (Picea mariana
and P. glauca), fir (Abies spp.), and jack pine (Pinus banksiana), inter-
spersed within grassland. As a result of being sparsely vegetated, Coastal
Plain reaches of these rivers were braided and much of their floodplains
were covered by eolian sand dunes, derived from sand exposed during
channel erosion and then transported and deposited by winds (Leigh 2006,
2008; Leigh et al. 2009; Leigh et al. 2004).

Around 16 ka the climate shifted to wetter and warmer conditions, and
floodplains became densely covered with cool-deciduous forest. Dense
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Soils

forest cover led to a stabilization of channels, converting braided channels
into single-thread, meandering channels. Rivers formed large scroll
meanders and terraces and eroded much of the eolian dunes deposited
previously during the Pleistocene (Leigh 2008). During this period, rivers
eroded sediment from floodplains at a rate of 0.56 mm/yr (Suther et al.
2011). During the Early Holocene, from 11-5.5 ka, increased rainfall and
spring snowmelt led to larger bankfull floods of longer duration and a
renewal of sediment accretion, which in turn produced a full range of
fluvial geomorphic features, including larger channels, meanders, and
backswamps (Leigh 2008; Leigh et al. 2009).

By about 4 ka, the climate became warmer, but much less wet, similar to
present-day climate. Because less water was available to streams than
during the early part of the Holocene, channels and meanders became
much smaller. Many of the features created by the larger, paleo-streams
still remain because modern streams have not yet had the time to erode
them. The most distinctive of these paleo-features are valleys and
floodplains that are much too large to have been produced by present day
streams. Present day channels are under-fit (undersized) relative to the
size of their floodplains (Dury 1977; Hupp 2000). In hydrologically
unaltered Coastal Plain streams and floodplains, incipient flooding onto
the floodplains occurs — in general — at the one to two year recurrence
interval. This frequency helps maintain characteristic floodplain structure,
function and processes including maintenance of large backswamps and a
mosaic of topographic and drainage features.

Because the Coastal Plain was part of the Continental Shelf (i.e., periodically
covered by the sea during marine transgressions), much of the upland soils
are derived from weathered marine sediments. In contrast, floodplains are
composed of a mixture of alluvial deposits eroded from uplands and organic
material produced in situ (Hodges 1997). Textures and composition of
floodplain soils vary widely both among floodplains and spatially within a
given floodplain (Phillips 1997). Nonetheless, floodplain wetlands typically
support field indicators of hydric condition, such as changes in soil color
(hue, value, chroma) with depth, depleted matrices, iron or manganese
masses, etc. (U.S. Department of Agriculture 2010b).
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Climate

Climate across the Southeast and Gulf Coastal Plains is humid subtropical,
with hot summers and mild, wet winters. Areas near the coast experience
wetter summers than areas further inland, probably due to convective
thunderstorms produced by sea breezes. A reduction in temperature
extremes also occurs nearer the coast. Large amounts of precipitation
accompany tropical cyclones, which peak during summer and fall, and
usually deposit more rain on coastal areas.

Variation exists across the reference domain in the lengths of summer and
winter, due mainly to the wide variation in latitude, ranging from N38 deg
in the Northern Neck of Virginia to N29g deg in southern Georgia and
southeastern Texas. Summers in the southern part of the region are longer
and more humid than areas further north and winters are shorter and
milder. Snow and freezing temperatures are rare, even in coastal Virginia.
As a result, subtropical species, such as dwarf palmetto (Sabal minor) and
Spanish moss (Tillandsia usneoides), occur in wetlands as far north as
North Carolina and southeast Virginia, respectively. Further, soils remain
warm enough throughout the winter that microbial organisms responsible
for nutrient cycling are active year round.

Although climatic variation affects the geographic ranges of plant species,
in general, many of the dominant canopy species occur throughout the
reference domain. For example, there are differences related to the
geographic ranges of species and ecotypic variation within a species (Dale
and Ware 2004), but such differences may be taken into account when
defining reference standards for FCI models of habitat condition.

Hydrogeomorphic Variation within Drainage Networks

The alluvial valley subclasses covered in this guidebook are physically
interconnected ecosystems in that they are all part of stream networks of
drainage basins. The headwater portion of stream networks (first to third
order) are composed of many small streams draining small watersheds and
fed primarily by groundwater. Headwater reaches constitute 70-90% of
stream length in a typical Coastal Plain network (Leopold et al. 1964;
Rheinhardt et al. 1999). The remaining 10-30% of stream length in a
drainage network consists of Mid-gradient (third to sixth order) and Low-
gradient (> sixth order) streams. The Low-gradient, higher order streams
are usually not wadeable during normal flow periods, although some Mid-
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gradient streams are wadeable during low flow conditions. In hydrologically
unaltered stream networks, mid- to Low-gradient reaches overtop their
banks in late winter and early spring of most years, and occasionally during
the summer and fall during tropical storm events. Small depressions on
floodplains pond water after rainfall and retain water for a time after
floodwaters recede. Larger depressions, associated with abandoned
channels (Connected Riverine Depression subclass), hold water for longer
periods, often year-round.

Unaltered wetlands of the alluvial valleys on the Coastal Plain differ
primarily in their source of water and frequency and duration of flooding
or saturation. These hydrologic characteristics variy significantly by
stream order and watershed size, and from headwaters to tidal reaches,
affecting geomorphology, species composition, and wetland function.

Headwater streams coalesce to form larger streams, which in turn join
additional streams to become even larger and more energetic (Strahler
1952). Down-gradient of the groundwater-driven headwater systems, the
water source to alluvial valley wetlands is primarily overbank flooding from
adjacent streams and groundwater moderated by river stage and
evapotranspiration (ET). The water table of floodplains rises after leaf
senescence during autumn and remains high until ET increases in the
spring. The hydrology of stream reaches at the coast is affected by tides. In
the field, it may be difficult to tell where tidal influence begins without water
level data, particularly since in some tributaries tidal influence may only
occur during summer when seawater has expanded to its maximum extent.
However, there are physiognomic and physical field indicators that are
usually observable in freshwater tidal forested wetlands (Day et al. 2007;
Duberstein and Conner 2009; Rheinhardt and Hershner 1992): (1) canopy
trees are generally short in stature and trees appear stressed; (2) the canopy
tends to be more open than in nontidal wetland forests; (3) the microtopo-
graphy of the forest substrate exhibits a distinctive hummock/hollow
pattern, with woody species restricted to the hummocks; and (4) there is a
bidirectional (tidal) flow in channels (Rheinhardt and Hershner 1992).

In the Coastal Plain Region that borders the Mississippi alluvial valley
(Delta Region), streams and rivers terminate at the Mississippi River or at
the Atchafalaya River, rather than at sea level. These stream networks are
not subjected to tidal fluctuations; instead, in their natural states, they are
hydrologically controlled by the stage of the receiving rivers. The levees
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and other control structures on these rivers influence the amount, timing,
and dynamics of backwater flooding in the tributaries (e.g., Yazoo River).

Major Land Resource Areas

Major Land Resource Areas (MLRA) encompassed by the reference
domain (Figure 3, Table 4) represent geologic and climatic differences
among Coastal Plain Regions, differences that were initially considered in

sub-classifying wetland types. For example, stream network characteristics

differ between the Atlantic Coast Flatwoods (MLRA 261), also known as
the inner or upper Coastal Plain, and the Tidewater Region (MLRA 262),
known also as the “outer” or “lower” Coastal Plain. Land surface in the
Tidewater Region is flatter and less dissected than the inner Coastal Plain
Regions. Further, the lowest reaches of higher order tributaries of the
Tidewater Region are tidal, as the name implies. On the outer Coastal
Plain, drainages are small and streams flow short distances before
reaching sea level. In contrast, inner Coastal Plain stream networks are
larger and usually terminate at a receiving river.

Table 4. Major Land Resource Areas (MLRA) and Land Resource Regions (LRR) of the reference domain.

MLRA LRR
MLRA Name Code LRR Name Code
Alabama and Mississippi 238 South Atlantic and Gulf Slope Cash Crops, Forest, and | P
Blackland Prairie Livestock Region
Atlantic Coast Flatwoods 261 Atlantic and Gulf Coast Lowland Forest and Crop Region | T
Carolina and Georgia Sand Hills 241 South Atlantic and Gulf Slope Cash Crops, Forest, and |P
Livestock Region
Cretaceous Western Coastal Plain | 239 South Atlantic and Gulf Slope Cash Crops, Forest, and | P
Livestock Region
Eastern Gulf Coast Flatwoods 259 Atlantic and Gulf Coast Lowland Forest and Crop Region | T
Red River Alluvium 232 Mississippi Delta Cotton and Feed Grains Regjon
Southern Coastal Plain 234 South Atlantic and Gulf Slope Cash Crops, Forest, and
Livestock Region
Southern Mississippi River Alluvium | 230 Mississippi Delta Cotton and Feed Grains Region 0]
Southern Mississippi Valley Loess | 236 South Atlantic and Gulf Slope Cash Crops, Forest, and | P
Livestock Region
Texas Claypan Area, Northern Part | 148 Southwestern Prairies Cotton and Forage Region J
Tidewater Area 262 Atlantic and Gulf Coast Lowland Forest and Crop Region | T
Western Coastal Plain 235 South Atlantic and Gulf Slope Cash Crops, Forest, and | P
Livestock Region
Western Gulf Coast Flatwoods 260 Atlantic and Gulf Coast Lowland Forest and Crop Region | T
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Classification

Brinson (1993b) identified five wetland classes based on hydrogeomorphic
criteria, as described in Chapter 2. These are Flat, Riverine, Depression,
Slope, and Fringe wetlands, and all five classes are represented in alluvial
valleys of the Coastal Plain. Within each class, one or more subclasses are
recognized. Wetlands often intergrade or have unusual characteristics;
therefore, a set of specific criteria have been established to assist the user
in assigning any particular wetland to the appropriate class (Figure 4).
Subclass designations can best be assigned using the descriptions of
wetlands and their typical landscape positions presented in the following
paragraphs and summarized in Table 5.

The classification system recognizes that certain sites functioning primarily
as fringe or depression wetlands also are regularly affected by stream
flooding, and therefore have a Riverine functional component. This is
incorporated in the classification system by establishing “river-connected”
subclasses within the Fringe and Depression Classes. Similarly, sites that
function primarily as Riverine wetlands and flats often incorporate small,
shallow depressions, sometimes characterized as vernal pools and
microdepressions. These features are regarded as normal components of the
Riverine and flat ecosystems, and are not separated into the Depression
Class unless they meet specific criteria. Other significant criteria relating to
classification are elaborated upon in the following wetland descriptions.

Key to the HGM wetland classes of alluvial valleys of the Coastal Plain

1. Wetland is associated with point bars or floodplain of a stream and principal
Water SOUICE IS The STIEAM ..o e Riverine

1. Wetland is not associated with point bars or floodplain of a stream and

principal water source is NOt the STreamM ... e 2

2. Wetland is not in a topographic depression nor is it impounded ........cccoccevvuennee 4

2. Wetland is in a topographic depression or it is impounded ......c.ccceeevreerverriennnen 3

3. Wetland is associated with a water body that has permanent open water

more than 2-m deep iN MOST YEAIS .......ccccriiiiir i e Fringe

3. Wetland is associated with a water body that is ephemeral, or less than 2-m

0EEP IN MOST YEAIS ...eeiiiiiiiiree ettt e s Depression
4. Topography is flat, principal water source is precipitation ......c..ccecvvvevrveerienriennns Flat

4. Topography is sloping to flat, principal water source is groundwater discharge
OF SUDSUITACE FIOW ..t e Slope

Figure 4. Key to the HGM wetland classes of alluvial valleys of the Coastal Plain.
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Table 5. Hydrogeomorphic classification and typical geomorphic settings of wetlands in alluvial valleys

of the Coastal Plain.

Wetland Class

Subclass

Typical Hydrogeomorphic Setting

Flat

Alluvial flat

Stream terraces, levee-protected former floodplains, and
other poorly drained sites not subject to regular flooding
(outside the floodplain).

Riverine

Mid-gradient Riverine

Point bar and natural levee deposits within the floodplain
of streams transitioning from headwaters to broad basins.

Low-gradient Riverine

Point bar, backswamp, and natural levee deposits
associated with meandering streams (within the floodplain).

Depression

Unconnected Depression

Abandoned channels and large swales in former and
current meander belts of larger rivers not subject to
regular stream flooding.

Connected Depression

Abandoned channels and large swales in former and
current meander belts of larger rivers that are within the
current floodplain and are currently subjected to regular
stream flooding.

Fringe

Unconnected Lacustrine Fringe

Margins of natural and man-made lakes where water
levels are not actively managed, and that are not within
the floodplain of a stream.

Connected Lacustrine Fringe

Natural and man-made lakes where water levels are not
actively managed and that are within the floodplain of a
larger stream.

Reservoir Fringe

Fluctuation zone of a man-made reservoir manipulated for
water supply, power production, and other purposes. Mostly
on former hillslopes of valleys impounded by large dams.

Slope

Headwater Slope

At the head of small streams, including areas up-gradient
of distinct channel formation down to 3rd order streams,
transitioning to Mid-gradient Riverine as overbank flow
increases.

Valley wall or Terrace Seep

Slopes and adjacent colluvial deposits at groundwater
discharge points, usually at the contact between clay
layers and more permeable overlying strata.

The most discernible differences among alluvial valley wetlands across the
Coastal Plain are due to watershed position and water sources rather than
subregion (MLRAs). The following sections briefly describe the classifica-
tion system developed for the alluvial valleys of the Coastal Plain. Much of
the discussion was taken from Klimas et al. (2005), Noble et al. (2007), and
Williams et al. (2010). All of the wetland types that occur in alluvial valleys
of the Coastal Plain are described in the following text, but assessment
models and supporting reference data were developed for only four alluvial
valley wetland subclasses. These are: Headwater Slope, Mid- and Low-
gradient Riverine, and Connected Depression. The rationale for the
exclusion of the remainder of the subclasses is presented with their
descriptions.
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Class: Riverine

The classification used in this guidebook defines wetlands as Riverine if they
occur within the floodplain of a stream and their principal water source is
overbank or backwater flooding. Such flooding in the reference domain
occurs primarily during the winter and spring. Floodplain inundation
begins with floodwaters accessing the floodplain through distributaries and
other breaches in the natural levee (e.g., crevasse splay). The rise in stage of
many events may be sufficient to overtop much of the natural levee, while in
other events, significant flooding may occur without submersion of the
higher elevations of the natural levees. As the river stage rises, the back-
water flooding of tributaries increases, contributing to floodplain inunda-
tion, as does saturated overland flow from adjacent uplands and direct
precipitation. The soil water table is usually near the surface across the
entire width of the floodplain during the winter and early spring. The
Riverine wetlands in the reference domain are typically forested and
referred to as bottomland hardwood wetlands. The floodplains and low
terraces of the reference domain consist of recent (Holocene) and late
Pleistocene deposits of sand, silt, and clay alluvium. Geomorphic features
include point bars, natural levees, and backswamps (Figure 5). The
following discussion of the origins and characteristics of those features is
adapted from Klimas et al. (2005).
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Figure 5. Typical form and locations of geomorphic and man-made features within river
valleys of the Coastal Plain (vertical scale is exaggerated).
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Point bars

Point bars form on the inside bends of stream channels as they migrate
laterally and downstream, eroding the opposite bank and depositing
material on the inside of the bend. The deposited material accumulates as
a series of sand ridges and intervening swales. The swales usually become
lined or filled with silty or clayey sediments left by floodwaters trapped
behind the ridges. In contrast, the overall texture of point bar deposits
tends to be sands or gravels. The typical ridge and swale topography of
point bar deposits is sometimes referred to as a meander scroll or point
bar complex. New point bar surfaces are often dominated by sediment and
flood-tolerant wetland species (Robertson 2006), such as black willow
(Salix nigra), river birch, box elder (Acer negundo), silver maple (Acer
saccharinum), and cottonwood (Populus spp). These species may be
succeeded by water hickory (Carya aquatica), green ash (Fraxinus
pennsylvanica), sugarberry (Celtis laevigata), water locust (Gleditsia
aquatica), planer tree (Planera aquatica), and sycamore (Platanus
occidentalis) (Shankman 1993).

Backswamps

Backswamps are flat, poorly drained areas bounded by higher alluvial
features. Since sedimentation rates are highest along the active stream
channel, meander belts tend to develop into an alluvial ridge, where
elevations are higher than the adjacent floodplain. The result is that local
drainage is directed away from the major stream channel, and the areas
between meander belts become basins (backswamps) that pool floodwaters
and accumulate fine sediments. They characteristically have clay substrates
and are incompletely drained by small streams and interconnected swales.
They may include large areas that do not fully drain through channel
systems but remain ponded well into the growing season. Where back-
swamps are bounded on one side by the valley wall or terraces, they are
referred to as rimswamps, which receive drainage from uplands and
sometimes groundwater discharge from valley walls. The wetter areas of
backswamps are dominated by the same species as the Depression class
(described below). Common species in the canopy of the remainder of the
backswamp include sweetgum (Liquidambar styraciflua), elms (Ulmus
spp), water hickory (Carya aquatica), swamp blackgum (Nyssa biflora),
ash (Fraxinus spp), red maple (Acer rubrum), and a variety of oaks,
including overcup oak (Quercus lyrata), swamp chestnut oak (Q.
michauxii), water oak (Q. nigra), willow oak (Q. phellos), laurel oak (Q.
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laurifolia), shumard oak (Q. shumardii), and Nuttall oak (Q. texana).
Understories are often sparsely vegetated by ironwood (Carpinus
caroliniana), hawthorns (Crataegus spp), dogwoods (Cornus spp), hollies
(Ilex spp), and various blueberries (Vaccinium spp).

Abandoned channels

These features are the result of cutoffs, where a stream abandons a
channel segment either because flood flows have scoured out a point bar
swale and created a new main channel (chute cutoff), or because migrating
bendways intersect and channel flow moves through the neck (neck
cutoff). Chute cutoffs tend to be relatively small and fill rapidly with
sediment. They do not usually form lakes, but may persist as large
depressions. The typical sequence of events following a neck cutoff (which
is much more common than a chute cutoff) is that the upper and lower
ends of the abandoned channel segment fill with sediment, leaving an
open-water oxbow lake in the remainder of the channel. Where an
abandoned stream channel incorporates two or more meander loops, it is
referred to as an abandoned course (see Depression Class below).

Natural levees

A natural levee forms where overbank flow results in deposition of relatively
coarse sediments (sand and silt) adjacent to the stream channel. The
material is deposited as a continuous sheet that thins with distance from the
stream, resulting in a low, wedge-shaped ridge paralleling the channel and
blanketing areas of point bar features and backswamp. Where channels
have changed course, natural levee ridges are left behind on the banks of
oxbow lakes or as low ridges within the floodplain. Weakly flood tolerant to
moderately flood tolerant species occur on the natural levees and ridges,
such as water oak, sweetgum, ash, American elm (Ulmus americana,
hackberry (Celtis laevigata), winged elm (Ulmus alata), river birch, syca-
more, willow oak, Shumard oak, and cherrybark oak (Quercus pagoda).

Terraces

Alluvial terraces are former floodplains abandoned by a stream when it
passed through a period of bed erosion and established a new floodplain at
a lower level. The abandoned floodplain surface is composed of the sedi-
ments and landforms described in the preceding text, and it frequently
sustains wetlands in the relic swales, channels, and backswamps. However,
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the wetland character is maintained primarily by groundwater and precipi-
tation rather than flooding. On very old terraces, the alluvial features may
be so subdued from erosion that the surface appears flat. Where internal
drainage is well developed, the terrace becomes dissected and may not
sustain any wetland environments. The plant species of terraces are similar
to those found throughout the active floodplains of the Riverine class.

Rivers and streams of the Coastal Plain differ in the amount of sediment
they naturally carry, due primarily to the location of their headwaters.
Streams originating in the Coastal Plain tend to be low energy systems with
generally lower amplitude of stages, sandy bottoms, low mineral sediment
loads, and water stained with tannin from the decomposition of organic
materials. These tannin-rich streams are usually referred to as blackwater
streams (or rivers) (Kellison et al. 1998). In contrast, rivers that originate
inland from the Coastal Plain (in the Piedmont or Mountains) are high
energy systems with high amplitude of stages and carry a much higher
mineral sediment load coloring the waters brown to reddish brown. These
rivers are often referred to as brownwater rivers, or less commonly, as
redwater rivers. Geomorphic features of brownwater rivers are distinct,
whereas they are often absent or subtle in blackwater rivers (Kellison et al.
1998). Differences between brownwater (sediment rich) and blackwater
(organic rich) could potentially affect sub-classification of the Riverine class.

The Riverine wetland class is separated into two subclasses: Low-gradient
Riverine, and Mid-gradient Riverine. The separation is generally based on
the size of the stream and its associated floodplain and sinuosity. Depres-
sions within the floodplain were considered as a separate class. Beaver
complexes are considered part of the Riverine system where they occur,
but are not assessed using HGM criteria (see Chapter 6).

1. Low-gradient Riverine. Low-gradient Riverine wetlands occur within the
floodplains of >5th order rivers, which comprise from 1-5% of the total
stream length of their watersheds, but the floodplains can be very wide, a
common feature of Coastal Plain river systems (Bridge 2003; Kellison et
al. 1998). The extent of Low-gradient Riverine wetlands to stream length is
much greater, however, than the other alluvial subclasses. Typically, these
systems have large, distinctive geomorphic features and often receive both
backwater and overbank flooding (though no subclass distinction between
overbank flooding and backwater flooding is made in this document). The
frequency of flooding is between less than 1 and up to 5 years (i.e.,
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probability of exceedance of less than 20% up to 100% in a given year).
The duration of flooding ranges from days to several weeks. Areas of
higher elevation—ridges and natural levees—will drain first after flooding.
Swales will hold water longer after flooding and ponding of precipitation is
common during winter and spring. During years of normal rainfall, the
swales will be dry from early summer to late fall. The water table is near
the surface during the winter and spring, but rapidly drops as the growing
season progresses. The soil orders typically observed are Vertisols,
Inceptisols and Entisols. The herbaceous stratum on the ridges may have a
high abundance of switchcane (Arundinaria spp) green briar (Smilax spp)
and wild oats (Chasmanthium spp). Ironwood, deciduous holly, sweetgum
and red maple are common in the understory. The tree and sapling/shrub
densities are lower in the swales and overcup oak usually dominates. The
herbaceous stratum cover in the swales is often sparse. Backswamps can
be dominated by green ash (F. pennsylvanica) and red maple. Sweetgum
is ubiquitous throughout the floodplain.

2. Mid-gradient Riverine. The Mid-gradient Riverine subclass occupies the
floodplains of 3 to 5th order streams, which typically constitute about
10-20% of total stream length in a drainage basin. These systems may be
referred to as minor bottoms (Hodges 1998). The frequency of flooding is
from one to five years with annual flooding common. Mid-gradient
Riverine sites typically receive overbank flooding with flood durations of
hours to days. Multiple flood events interspersed with long dry periods can
occur throughout the year. They have geomorphic features and soil
characteristics that are similar to, but smaller in scale than, the Low-
gradient Riverine subclass. They are typically forested and support many of
the same plant species as the Low-gradient Riverine subclass. However,
species such as slippery elm (Ulmus rubra), winged elm (Ulmus alata),
cedar elm (Ulmus crassifolia), river birch, box-elder (Acer negundo),
hawthorn and loblolly pine (Pinus taeda) can be found in greater abun-
dance. Some Mid-gradient Riverine locations have been converted to
pasture or pine plantations.

Class: Depression

Depression wetlands are located throughout the Coastal Plain, some
examples are known as Cypress Domes, Carolina Bays and Grady Ponds.
In alluvial valleys, depressions occur primarily within the floodplain of the
major rivers. They are distinguishable from the ephemeral (vernal) pools
on flats and floodplains by clearly being deeper, larger, concave landforms
that hold surface water for much or all of the growing season in most
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years. Many depressions are recently abandoned channels that still
maintain a discernible hydrologic connection to the river. The soils in
depressions typically have more clay, lower chroma, and many redox
concentrations compared to the soils in the surrounding floodplain. Plant
cover tends to be sparse, at least in the deepest parts of the depression,
and usually, the herbaceous stratum is absent or limited to localized
populations of hydrophytes such as lizard’s tail (Saururus cenruus). The
common tree and shrub species are overcup oak, water elm, baldcypress
(Taxodium distichum), water tupelo (Nyssa aquatica), swamp black gum,
water hickory, and green ash. Where canopy trees are largely lacking due
to disturbance, buttonbush (Cephalanthus occidentalis) and smartweeds
(Polygonum spp.) often dominate.

Two depression subclasses may be recognized strictly on the basis of flood
frequency. There are minor differences in vegetation structure and
composition between them.

1. Connected Depression. Connected Depressions occur within the floodplain
of a stream.

2. Unconnected Depression. Unconnected Depressions occur outside the
floodplain of a stream, such as a Carolina Bay, for example.

Class: Flat

Flats can occur in any setting where poor drainage and level topography
cause rainwater to pond at or near the soil surface until it is removed by
evapotranspiration. In alluvial valleys in the southern United States, most
such sites are on river terraces. As alluvial features, terrace flats usually
have a very subtle, rolling topography that causes precipitation to pond for
much of the winter and spring. Summer storms also can cause these
ephemeral pools (sometimes called vernal pools) to refill and remain
ponded for days or weeks during the peak of the growing season, which
can eliminate certain plant species and create a diverse patchy pattern
within the plant community. Fire may also be an important factor in
maintaining patch diversity in terrace flats. Most of the same species
found in the less-frequently-flooded parts of Low-gradient Riverine sites
can be found in terrace flats, particularly willow oak and water oak.

One other category of flat occurs in areas that were historically frequently
flooded, but which have had flooding reduced or eliminated by channel
incision or engineered flood control projects such as reservoirs and levees.
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These sites are classified as functional flats due to the lack of regular
interaction with channel systems, but their plant communities are generally
similar to frequently flooded sites because their alluvial soils and topo-
graphy effectively pond precipitation and maintain the wetland character of
the system.

Many stream terraces outside the Holocene floodplains within the reference
domain no longer support natural forests, having long ago been converted
to agriculture or pine plantations. Therefore, no flat-specific assessment
models are presented here. However, the natural vegetation of flats within
alluvial valleys is very similar to the forests of active floodplains; therefore,
the models developed for Riverine systems can reasonably be applied to
flats if they are modified to eliminate model terms related to flood
frequency.

Class: Fringe

Fringe wetlands occur along the margins of marine and fresh waterbodies
(Ientic). By convention, a lake must be more than 2 m (6 ft) deep; otherwise,
associated wetlands are classified as depressions.

In alluvial valleys of the Coastal Plain, natural lakes occur mostly in the
abandoned channels of large rivers (oxbows), but numerous man-made
impoundments also support fringe wetlands. There are three subclasses in
the fringe class (Table 5). No assessment models have been developed for
any of the fringe wetland subclasses, primarily because no single reference
system can reflect the range of variability they exhibit. In particular, many
water bodies that support fringe wetlands are subject to water level
controls, but the resulting fluctuation patterns are highly variable
depending on the purpose of the control structure.

1. Reservoir shore. Man-made reservoirs include a wide array of features,
such as large farm ponds; state, Federal, and utility company lakes; and
municipal water storage reservoirs. In almost all cases, these lakes are
managed specifically to modify natural patterns of water flow; therefore,
their shoreline habitats are subjected to inundation at times and for
durations not often found in nature. Steep reservoir shores usually support
little perennial wetland vegetation other than a narrow fringe of willows.
The most extensive wetlands within reservoirs usually occur where
tributary streams enter the lake, and sediments accumulate to form deltas.
These sites may be colonized by various marsh species, and sometimes
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black willow or buttonbush; but even these areas are vulnerable to
extended drawdowns, ice accumulation, erosion caused by boat wakes,
and similar impacts.

Connected lake margin. Large connected lake margin wetlands are
uncommon in the reference domain. However, smaller lakes such as
natural oxbow lakes, man-made stock ponds and borrow pits that are
frequently inundated during floods may support connected lake margin
wetlands. Connected lake margins differ from unconnected systems in that
they routinely exchange nutrients, sediments, and aquatic organisms with
the river system. Shoreline willow stands and fringe marshes are the
typical vegetation.

Unconnected lake margin. Unconnected lakes are lakes that are not
inundated by a river on a regular basis. They are similar in appearance to
connected lake margins but are classified separately because they do not
regularly exchange nutrients, sediments, or fish with river systems. In the
reference domain, most unconnected lake margin wetlands are in small
man-made ponds.

Class: Slope

Slope wetlands occur on or below sloping land surfaces where groundwater
discharge or shallow subsurface flow creates saturated conditions. In the
alluvial valleys of the Coastal Plain, these wetlands occur primarily in the
headwaters and on the lower parts of valley walls or on terraces where they
contact valley walls.

1.

Headwater Slope. Headwater Slope wetlands on the Coastal Plain are
associated with the headwaters and streams up to 3 order, which
constitute 70-90% of stream length in Coastal Plain drainage networks.
Headwater Slope wetlands are characterized by water tables at or near the
surface that respond rapidly to precipitation (direct and/or return flow)
and evapotranspiration (ET). They attenuate surface flow to the stream
channels down-gradient, dampening the hydrograph during high
precipitation events and extending base flow of streams as the groundwater
is released (Miwa et al. 2003). Many headwater reaches cease flowing in
mid-summer during periods of maximum ET and under drought
conditions. Even Coastal Plain streams up to third order may stop flowing
during drought periods. However, in winter, when the water table is
already high and ET is low, heavy rains can lead to channel overflow, briefly
inundating the wetland. Channels associated with Headwater Slope
wetlands are generally poorly developed in the upper reaches, becoming
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more distinct with progression down-gradient. Channels range in width
from 0.75 to 7.8 m (mean=3.4 m), are usually not more than a 0.1-0.5 m
deep at bankfull stage, and are typically first to third order. Valley widths of
headwater reaches are usually narrow (tens of meters in width). Natural
levees are generally absent. Water rarely ponds within these wetlands,
except in shallow depressions and divots produced by tree tip-ups.

Common species of Headwater Slope wetlands include sweetbay
magnolia (Magnolia virginiana), redbay (Persea borbonia), tulip poplar
(Liriodendron tulipifera), red maple, sweetgum, swamp blackgum,
laurel oak, loblolly pine, slash pine (P. elliottii), and sometimes longleaf
pine (P. palustris). Subcanopy species include spicebush, (Lindera
benzoin), sweet pepperbush (Clethra alnifolia), ironwood, American
holly (Ilex opaca), winterberry (Ilex verticillata), Virginia willow (Itea
virginica), possumhaw (Viburnum nudum), wax myrtle (Myrica
cerifera), highbush blueberry (Vaccinium corymbosum), luecothoe
(Luecothoe racemosa and coastal dog hobble L. axillaris), fetterbush
(Lyonia lucida), Rhododendron spp., titi (Cyrilla racemiflora), inkberry
(Ilex glabra), large gallberry (Ilex coriacea), red chokecherry (Aronia
arbutifolia), and American snowbell (Styrax americana). The structure
of Headwater Slope communities also can be strongly influenced by fire
(Wharton et al. 1977), though the frequency of fires is only about once
every 60 to 100 years (Hutchinson et al. 2003).

2. Valley wall and terrace slope. Valley wall and terrace slope wetlands tend
to be found where permeable materials (especially sands) sit atop
relatively impermeable layers, causing lateral movement of groundwater.
Typically, where groundwater flow is relatively constant (perennial seeps)
these sites support diverse communities of herbaceous