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Assessing Wetland Functions

A Regional Guidebook for Applying the Hydrogeomorphic Approach
to Assessing Wetland Functions of Low-Gradient, Blackwater Riverine
Wetlands in Peninsular Florida (ERDC/EL TR-03-3)

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 the “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 func-
tions 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 re-
search was to develop a Regional Guidebook for assessing
the functions of low-gradient, blackwater riverine wet-
lands in peninsular Florida in the context of the Section
404 Regulatory Program.

SUMMARY: 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 un-
avoidable project impacts, determine mitigation require-
ments, 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.

This report uses the HGM Approach to develop a Re-
gional Guidebook for assessing the functions of selected
bottomland hardwood forests in the low-gradient,
blackwater riverine wetlands in peninsular Florida.

AVAILABILITY OF REPORT: The report is available
at either of the following Web sites: http://www.wes.
army.mil/el/wetlands/wilpubs.html or http://libweb.wes.
army.mil/index.htm. The report is also available on Inter-
library Loan Service from the U.S. Army Engineer Re-
search and Development Center (ERDC) Research
Library, telephone (601) 634-2355, under the terms de-
scribed at http://libweb.wes.army.mil/lib/library.htm.
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Chapter 1

1 Introduction

Background

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 Chapter 404 Regulatory Program permit re-
view sequence to consider alternatives, minimize impacts, assess unavoid-
able project impacts, determine mitigation requirements, and monitor the
success of mitigation projects. However, a variety of other potential appli-
cations for the approach have been identified, including determining mini-
mal effects under the Food Security Act, designing mitigation projects, and
managing wetlands.

On August 16, 1996, a National Action Plan (NAP) to Implement the
Hydrogeomorphic Approach was published (National Interagency Imple-
mentation 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 func-
tions of Regional Wetland subclasses using the HGM Approach; solicit the
cooperation and participation of Federal, State, and local agencies, acade-
mia, and the private sector in this effort; and update the status of Regional
Guidebook development.

The sequence of tasks necessary to develop a Regional Guidebook out-
lined in the NAP was used to develop this Regional Guidebook (see “De-
velopment Phase” in Chapter 2). The National Riverine Guidebook
(Brinson et al. 1995) and the Regional Guidebook for Assessing the Func-
tions of Low-Gradient, Riverine Wetlands in Western Kentucky (Ainslie et
al. 1999) served as starting points for this Regional Guidebook. Guidebook
development workshops were conducted monthly at Tampa, FL, from De-
cember 1998 through April 1999. The workshops were attended by hydrolo-
gists, biogeochemists, soil scientists, wildlife biologists, and plant
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ecologists from the public, private, and academic sectors with extensive
knowledge of riverine, low-gradient, blackwater stream bottomland hard-
wood forest wetlands in peninsular Florida. Based on the results of the
workshop in Kentucky (May 21-24, 1996) and the workshops held in
Tampa, a regional wetland subclass was defined and characterized, a refer-
ence domain was defined, wetland functions were selected, model variables
were identified, and conceptual assessment models were developed. Sub-
sequently, field work was conducted to collect data from reference wetlands.
These were then used to revise and calibrate the conceptual assessment
models. A draft version of this Regional Guidebook was then subjected to
several rounds of peer review and revised into the present version.

Objectives

The objectives of this Regional Guidebook are to (a) characterize the
low-gradient, riverine blackwater stream bottomland hardwood forest wet-
lands in the peninsular Florida reference domain, (b) provide the rationale
used to select functions for the regional subclass, (¢) provide the rationale
used to select model variables and metrics, (d) provide the rationale used
to develop assessment models, and (e) provide information from reference
wetlands and document its use in calibrating model variables and assess-
ment models, and (f) outline the necessary protocols for applying the func-
tional indices to the assessment of wetland functions.

Organization

This report is organized in the following manner: Chapter 1 provides
the background, objectives, and organization of the document. Chapter 2
provides a brief overview of the major components of the HGM Approach
and the Development and Application Phases required to implement the ap-
proach. Chapter 3 characterizes the Low-Gradient, Riverine Blackwater
Stream Bottomland Hardwood Forest Subclass in peninsular Florida in
terms of geographical extent, climate, geomorphic setting, hydrology, vege-
tation, soils, and other factors that influence wetland functions. Chapter 4
discusses each of the wetland functions, model variables, and functional in-
dices. This discussion includes a definition of the function, a quantitative,
independent measure of the function for the purposes of validation, a de-
scription of the wetland ecosystem and landscape characteristics that influ-
ence 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 Blackwater Stream Bottom-
land Hardwood Forest Wetlands in peninsular Florida. Appendix A is a

Chapter 1
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Chapter 1

glossary of terms. Appendix B provides summaries of functions, assess-
ment models, variables, variable measures, and copies of the field forms
needed to collect field data. Appendix C provides expanded discussions on
how to measure selected assessment variables. Appendix D contains the
data collected at reference wetlands. Appendix E gives directions for using
the automatic worksheet.

While it is possible to assess the functions of Low-Gradient, Riverine
Blackwater Stream Bottomland Hardwood Forest Wetlands in peninsular
Florida using only the information contained in Chapter 5 and Appendix B,
it is suggested that potential users familiarize themselves with the informa-
tion in Chapters 2-4 prior to conducting an assessment.

Introduction



2 Overview of the
Hydrogeomorphic
Approach

As stated 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) assess-
ment models/functional indices; and (d) assessment protocols. During the
Development Phase of the HGM Approach, these four components are inte-
grated into 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, as-
sess the functional capacity of selected wetlands. Each of the components
of the HGM Approach and the Development and Application Phases are
discussed in this chapter. More extensive treatment of these topics can be
found in Brinson (1993a), Brinson et al. (1995), Brinson (1995a), Brinson
(1995b), Brinson et al. (1996), Smith et al. (1995), Brinson et al. (1998)
Clairain (2002), Davis (Chapter 5, Chapter 8, in preparation), Hauer and
Smith (1998), Smith (2001), Smith (in preparation), Smith and Wakeley
(2001), and Wakeley and Smith (2001).

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 ex-
hibit a wide range of physical, chemical, and biological characteristics and
processes (Ferren, Fiedler, and Leidy 1996; Ferren et al. 1996a,b; Mitsch
and Gosselink 1993; Cowardin et al. 1979). 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
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completed in the relatively short time frame available for conducting as-
sessments). Existing “generic” methods, designed to assess multiple wet-
land types throughout the United States, are relatively rapid, but lack the
resolution necessary to detect significant changes in function. However,
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 simi-
larly using three criteria that fundamentally influence how wetlands func-
tion: 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 pre-
cipitation, overbank floodwater, or groundwater. Hydrodynamics 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 conti-
nental scale Brinson (1993a) 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 en-
compassed by a continental scale hydrogeomophic class is still too great to
develop assessment models that can be rapidly applied while being sensi-
tive enough to detect changes in function at a level of resolution appropri-
ate 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 (Kantrud,
Krapu and Swanson 1989; Hubbard 1988), playa lakes in the high plains of
Texas (Bolen, Smith, and Schramm 1989), kettles in New England, and cy-
press domes in Florida (Kurz and Wagner 1953; Ewel and Odum 1984).

To reduce both inter- and intra-regional variability the three classifica-
tion criteria are applied at a smaller, regional geographic scale to identify
regional wetland subclasses. In many parts of the country existing wetland
classifications can serve as a starting point for identifying these regional
subclasses (Stewart and Kantrud 1971; Golet and Larson 1974; Wharton et
al. 1982; Ferren, Fiedler, and Leidy 1996; Ferren et al. 1996a,b). Regional
subclasses, like the continental classes, are distinguished on the basis of
geomorphic setting, water source, and hydrodynamics. In addition, certain
ecosystem or landscape characteristics may also be useful for distinguish-
ing regional subclasses in certain regions. For example, depression sub-
classes 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 in or out of the depression through
defined channels). Tidal fringe subclasses might be based on salinity gradi-
ents. Slope subclasses might be based on the degree of slope, landscape
position, the 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
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Table 2 and in Smith et al. (1995) and Rheinhardt, Brinson, and Farley
(1997).

Regional Guidebooks include a thorough characterization of the re-

gional wetland subclass in terms of its geomorphic setting, water sources,
hydrodynamics, vegetation, soil, and other features that were taken into
consideration during the classification process.

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 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 flows 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 occur 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 by 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
Potential Regional Wetland
Subcl
Geomorphic Dominant Water | Dominant Western
Setting Source Hydrodynamics | Eastern USA USA/Alaska
Depression Groundwater or Vertical Prairie pothole California vernal
interflow marshes, pools
Carolina bays
Fringe (tidal) Ocean Bidirectional, Chesapeake Bay | San Francisco
horizontal and Gulf of Bay marshes
Mexico tidal
marshes
Fringe Lake Bidirectional, Great Lakes Flathead Lake
(lacustrine) horizontal marshes marshes
Slope Groundwater Unidirectional, Fens Avalanche chutes
horizontal
Flat Precipitation Vertical Wet pine Large playas
(mineral soil) flatwoods
Flat Precipitation Vertical Peat bogs; Peatlands over
(organic soil) portions of permafrost
Everglades
Riverine Overbank flow Unidirectional, Bottomland Riparian wetlands
from channels horizontal hardwood 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 natu-
ral processes and disturbance (e.g., succession, channel migration, fire, ero-
sion, and sedimentation) as well as human 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 func-
tion 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 vari-
ables 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 The subset of reference wetlands that perform a representative suite
wetlands 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 Indices for all
functions in reference standard wetlands are assigned a 1.0.

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

Site potential (mitigation The highest level of function possible, given local constraints of
project context) 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 The level of function identified or negotiated for a restoration or
project context) creation project.

Project standards Performance criteria and/or specifications used to guide the
(mitigation project restoration or creation activities toward the project target. Project
context) 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 ecosys-
tem to perform a function. Model variables are ecological attributes that
consist of five components (Schneider 1994): (a) a name; (b) a symbol; (¢)
a measure of the variable and procedural statement for quantifying or quali-
fying the measure directly, or calculating it from other measurements; (d) a
set of values (i.e., numbers, categories, or numerical estimates (Leibowitz
and Hyman 1997) that are generated by applying the procedural statement;
and (e) units on the appropriate measurement scale. Table 4 provides sev-
eral examples.

Table 4
Components of a Model Variable
Name (Symbol) | Measure/Procedural Statement Resulting Values | Units (Scale)
Redoximorphic Status of redoximorphic features/ Present / Unitless
Features visual inspection of soil profile for Absent (nominal scale)
(Vaepox) redoximorphic features
Floodplain Manning’s Roughness Coefficient n. 0.01 Unitless (interval
Roughness Observe wetland characteristics to 0.1 scale)
(Vaouar determine adjustment values for 0.21

roughness component to add to base

value
Tree Biomass Tree basal area/measure diameter of 5 m2/ha (ratio scale)
(Viga) trees in sample plots (cm), convert to 12.8

area (m°), and extrapolate to 36

per-hectare basis

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, the variable tree basal area, used
as an estimate of tree biomass, could be large or small. Similarly, recur-
rence 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 in which
the variable occurs in reference standard wetland), the variable subindex is
assigned based on the defined relationship between model variable condi-
tion and functional capacity. As the condition of a variable deviates from
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the conditions exhibited in reference standard wetlands, it receives a progres-
sively 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 other
cases, the subindex for a variable never drops to zero. For example, regard-
less 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 to 1.0. The FCl is a
measure of the functional capacity of a wetland relative to reference stand-
ard 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 instruc-
tions, 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 poten-
tial impacts, and identifying the wetland areas to be assessed. The second
task is collecting the field data for model variables. The final task is analy-
sis, 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 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 re-
gional wetland subclasses using the principles and criteria of the Hydrogeo-
morphic 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 as-
sessment models, identifies model variables to represent the characteristics
and processes that influence each function, and defines metrics for quantifying
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model variables. Next,
reference wetlands are Hydrogeomorphic Approach
identified to represent
the range of variability
exhibited by the re-
gional subclass. Field
data are then collected
from the reference wet-
lands and used to cali-
brate model variables,
and verify the concep- Regional'Guidebook
tual assessment models. \/
Finally, the A-Team de- Functional Indices
velops the assessment

Development
HGM Classification
Reference Wetlands

Application

Characterize Site and
Screen Red Flags

Define
Assessment Area

Functional Indices

Assessment Protocols

Collect and Analyze
Data

protocols necessary for  Fjgyre 1. Development and Application Phases

regulators, managers, 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:

Task 1: Organize the A-Team

A.
B.

Identify A-Team members
Train A-Team in the HGM Approach

Task 2: Select and Characterize Regional Wetland Subclass

ocaowpx

E.

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

Task 3: Select Model Variables and Metrics and Construct Conceptual
Assessment Models

A.
B.
C.

Task 4:

MOOW» O MO

Review existing assessment models

Identify model variables and metrics

Define initial relationship between model variables and
functional capacity

Construct conceptual assessment models for deriving FCls
Complete Precalibrated Draft Regional Guidebook (PDRG)

onduct 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

11
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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)

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 reviewers’ final comments on revisions

F. Publish Operational Draft Regional Guidebook (ODRG)

oowp>

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 assess-
ment protocols outlined in the Regional Guidebook to carry out the following
tasks (Figure 1).

a. Define assessment objectives.

b. Characterize the project site.

c. Screen for red flags.

d. Define the Wetland Assessment Area.
e. 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 un-

avoidable impacts, determination of compensatory mitigation, design and
monitoring of mitigation, comparison of wetland management alternatives
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or results, determination of restoration potential, or identification of
acquisition or mitigation sites.
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3 Characterization of
Riverine Class,
Low-Gradient, Blackwater
Stream Bottomland
Hardwood Forest Wetlands
of Peninsular Florida

Regional Wetland Subclass and Reference
Domain

The reference domain is defined as all wetlands within a specified geo-
graphic region that belong to a single HGM subclass (Smith et al. 1995).
The reference domain for the riverine class, low-gradient, blackwater stream,
bottomland hardwood forest wetlands
is shown in Figure 2. The reference
domain for this subclass consists of
those counties in peninsular Florida
that are within the Southwest Florida
Water Management District. This
HGM subclass excludes wetlands that
are influenced by tidal waters with
salinities of 0.5 ppt or greater. o

~
7
Riparian soil types in the poorly /
L

drained floodplains of the Florida
Peninsula vary considerably in this
extensive reference domain. Nineteen ‘

soil series are associated with the

floodplains in this reference domain &
(Table 5). Tree assemblages are also

diverse, and numerous species unite Figure 2. Location of reference domain within
to form the distinctive closed canopy. the state of Florida
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Table 5

Classification of the Hydric Soils Associated with Bottomland
Hardwood Forest Wetlands of Peninsular Florida
Soil Name Family or Higher Taxonomic Class

Anclote Sandy, siliceous, hyperthermic Typic Haplaquolls

Astor Sandy, siliceous, hyperthermic Cumulic Haplaquolls
Basinger Siliceous, hyperthermic Spodic Psammaquents

Bluff Fine-loamy, mixed, hyperthermic Typic Haplaquolls
Bradenton Coarse-loamy, siliceous, hyperthermic Typic Argiaquolls
Chobee Fine-loamy, siliceous, hyperthermic Typic Argiaquolls
Delray Loamy, mixed, hyperthermic Grossarenic Argiaquolls
Felda Loamy, siliceous, hyperthermic Arenic Ochraqualfs
Floridana Loamy, siliceous, hyperthermic Arenic Argiaquolls
Holopaw Loamy, siliceous, hyperthermic Grossarenic Ochraqualfs
Iberia Fine, montmorillonitic, noncalcareous, thermic Vertic Haplaquolls
Malabar Loamy, siliceous, hyperthermic Grossarenic Ochraqualfs
Manatee Coarse-loamy, siliceous, hyperthermic Typic Argiaquolls
Nittaw Fine, montmorillonitic hyperthermic Typic Argiaquolls
Pineda Loamy, siliceous, hyperthermic Arenic Glossaqualfs
Placid Sandy, siliceous, hyperthermic Typic Humaquents
Pompano Siliceous, hyperthermic Typic Psammaquents

Wabasso Sandy, siliceous, hyperthermic Alfic Hapaquods

Winder Fine-loamy, siliceous, hyperthermic Typic Glossaqualfs
Source: Soil Surveys of Florida.

Some within the canopy include American elm, basswood, black gum,
Carolina ash, cypress, diamond oak, muscle wood, red maple, sweetgum, and
water hickory. The greatest land use impacts in this ecoregion are crop and
livestock production, housing, industrial and road developments, and phosphate
mining. The seasonally or semipermanently forested subclass in this ecore-
gion represents a wetland type subject to an increase in projected linear
impacts from the Florida Department of Transportation projects. Therefore,
development of assessment models for this subclass will greatly benefit the
Section 404 permitting process for the District.
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Potential Geographic Extent of the Regional
Subclass

The potential for future expansion of the reference domain and applica-
tion of this guidebook is an option of the appropriate State, county, and/or
Federal permitting agencies.

Characteristics of the Regional Subclass

This Regional Guidebook is designed to be used in riverine, low-gradient,
blackwater stream, forested wetlands in peninsular Florida. The riverine
bottomland hardwood forest subclass experiences a great amount of wet-
land permitting activity. Therefore, this subclass received Florida Depart-
ment of Transportation priority for development of regional assessment
models. This subclass is associated typically with first- through fourth-order
streams, and has three potential water sources: (a) lateral surface or near-
surface transport from overbank flow; (b) infiltration of surface runoff from
adjacent landforms facilitated by the characteristically porous sandy soils;
and (c) groundwater discharge to the wetland. Floodplains with moderately
entrenched streams of this wetland subclass experience flooding (i.e., dis-
charge exceeds channel-full capacity) usually on an annual basis (Clewell
1991). Floodplains with slightly entrenched or anastomosed channels flood
more frequently. Flood frequency for both channel types in peninsular
Florida is determined by an increase in local rainfall events where overbank
flow is locally described as “flashy.” Beck (1965) recognizes sand-bottomed
streams as the most widely distributed type in Florida. These blackwater,
sandy-bottomed rivers are low in suspended sediment loads, usually clear
but contain highly colored tannic acid and dissolved organic matter (DOM)
derived from detrital remains that drain from depressional wetlands (Wharton
et al. 1982) and other vegetative communities within the basin. The inor-
ganic ions of iron and aluminum that complex with DOM are in high con-
centrations and constitute a ratio of 1:1 in blackwater streams (Wharton et
al.1982). The dissolved organic humic and fluvic acids contribute to high
total organic carbon concentrations and a low pH (Wharton et al.1982).
The forested reaches of this subclass create a habitat complexity that facili-
tates a high diversity of both terrestrial and aquatic fauna (Estevez, Dixon,
and Flannery 1991). Other functions performed by these bottomland hard-
wood forest stands include strong biogeochemical activity and nutrient cy-
cling (Gregory et al. 1991).

Climate
Because peninsular Florida is completely surrounded by water, maritime
climatic zones influence weather patterns far greater than do geographic

climatic zones. A twofold increase in frequency of freezing occurs within a
short distance inland in northern Florida (Chen and Gerber 1992). Proximity
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to the Gulf and Atlantic mitigates the effects of temperature in peninsular
Florida whereas these influences are much reduced in the northern panhan-
dle. This temperature distinction marks the superimposed dividing line
(Figure 3) between peninsular and continental Florida (Winsberg 1992). Cli-
matic rainfall patterns are similar throughout the state. The dry season occurs
usually from October through May with a rainy season from June through
October, although a seasonal variation does exist in the northern panhan-
dle region. In the reference domain a secondary peak of winter rainfall en-
sues (Winsberg 1992). As a result, peak flows occur during the winter and
spring in the panhandle and north Florida and during the late summer and
early fall farther south in the reference domain. The influence of rainfall
patterns causes vegetation, soil types, temperature gradients, and seasonal
evapotranspiration rates within the state to vary considerably.

Soil Types

Soils of Western Highlands

Soils of Central Ridge

D Mostly Entisols

E Mostly Altisols and Ultisols

Soils of Flatwoods
\:| Mostly Spodosols

Soils of Organic Origin
- Mostly Histosols

Soils of Recent Limestone Origin ~ USSc—— —

E Mostly Entisols

Miscellaneous Coastal Land Types

7 . .
Mostly beaches, dunes, tidal marshes, and tidal swamps o

/ Sites north of this boundary are considered to be
// in the thermic temperature regime

Figure 3. The thermic temperature regime dividing line between peninsular and continental Florida
(modified from Carlisle and Watts 2000)
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The dividing line (Figure 3) between peninsular and continental Florida
is recognized by climatologists as well as by soil scientists (Heath and
Conover 1981; Carlisle and Watts 2000). The soils north of this line are in
the thermic temperature regime. The mean annual temperature regime,
measured at 20 in. (0.5 m) below the surface, maintains at between 59 °F
(17.5°C) to 72° F (22 °C). An approximate 9 °F (5 °C) variability between
average summer and winter temperature occurs here. South of this line the
soils are considered to be in the hyperthermic temperature regime. Soil tem-
perature 20 in. (0.5 m) below the surface maintains a mean annual of
higher than 72 °F (22 °C) with 9 °F (5 °C) variability between average sum-
mer and winter temperature (Carlisle and Watts 2000).

Geomorphic setting

The geologic history of the Florida Peninsula has been described by
many (Dall and Harris 1892; Chen 1965; Schmidt 1997). The basement
of the Florida Peninsula is composed of pre-Mesozoic sedimentary rocks,
extrusive and intrusive igneous rocks, and metamorphic rocks (Smith and
Lord 1997). The shallow marine currents dominated the shape of the Florida
Plateau by the cyclic forces of erosion and deposition. Compaction of cal-
cium and magnesium carbonate sedimentation that occurred from Late
Cretaceous to early Oligocene resulted in the formation of the Floridan
aquifer (Heatherington and Mueller 1997). The Floridan Aquifer extends
into southern South Carolina and ranges through parts of Georgia and Ala-
bama, extending throughout all of Florida.

Tectonic activity during the Neogene to Holocene resulted in the uplift
of the Florida Platform. The structural features left by this uplift are named
the Ocala Platform and the Peninsular Arch. The topographic relief of
these uplifts and the substantial precipitation characteristically received
contributed to high runoff (Rosenau et al. 1977). The combined heavy rain-
fall and high runoff shaped and degraded the marine deposits to form the
rivers, their ancient terraces, and the youngest active floodplains of mod-
ern Florida (Dury 1977). Florida rivers and their floodplains function dis-
tinctly as influenced by many factors other than climate that include
topographic aspect and groundwater hydrology, which result in various
stream characteristics and wetland types. A marked gradient occurs in
streams from the panhandle west decreasing southeasterly. Many rivers in
the panhandle are at higher elevations with their origins in Alabama and
Georgia and carry significant loads of silt and clays. Conversely, nutrients
and dissolved inorganics are usually low from these rivers. The highest
concentrations are found in south and east peninsular Florida blackwater
rivers of the reference domain (Nordlie 1992). It is the highly conductive
sandy soils of the flatwoods that contribute very little to sediment loading
in the blackwater streams of peninsular Florida.

Three physiographic districts are found in the subclass reference domain
as described by Brooks (1982) (Figure 4). The Ocala Uplift District, to the
north, comprises mostly mixed hardwoods, pine flatwoods, and sandhills.
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Figure 4. Physiographic map, Southwest Florida Water Management District (modified from Brooks 1982)

In this region the Floridan aquifer is near the surface, and karst landforms
dominate. Groundwater discharge and permeability rates are high in this re-
gion. Below is the low flat plateau of the Southwestern Flatwoods District
consisting mostly of pine flatwoods, prairies, cypress domes, mangroves,
and dunes. Flanking the Southwestern Flatwoods District to the east is the
Central Lake District. This physiographic region is marked by sandhill
karst terrain and sand pine scrub. This district is the main area of recharge
for the Floridan Aquifer (Stewart 1980).

Solution sinkholes that formed on near-surface karst terrain dominate in
the Ocala Uplift District and the northern portion of the Southwestern Flatwoods
District (Brown, Stone, and Carlisle 1992). However, a Miocene orogeny
known as the Hawthorn Formation is found at the intersection of all three
Districts: the southern border of the Ocala Uplift District, in the northern
section of the Southwestern Flatwoods, and in most of the Central Lake Dis-
trict. The Hawthorn formation is a thick impermeable clay layer occurring
between the sandy overburden and the underlying limestone. Lower rates
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of groundwater discharge and soil permeability result from this occurrence
(Brown, Stone, and Carlisle 1992).

The Cowardin/National Wetland Inventory (NWI) system was utilized
as a modifier to the hydrogeomorphic classification for vegetation and to
some extent for hydrology. The riverine, low-gradient, overbank flooded
and groundwater discharge, forested subclass (seasonally and semiperma-
nently flooded forest) contains the palustrine forested vegetative class as de-
scribed by Cowardin et al. (1979) and mapped by NWI. This geomorphic
setting also gives rise to the riverine, low-gradient, anastomosed, herbaceous
subclass (semipermanently flooded marsh), which contains the palustrine
emergent and scrub-shrub vegetative classes and the forested bottomland
hardwood swamp subclass (semipermanently flooded forest), which are fre-
quently found along streams in the study area. The State of Florida has
more than 1,700 rivers measuring a combined length of roughly 11,000
miles (17,000 km) (Livingston and Fernald 1991). Low velocity with many
strongly meandering stream reaches characterize these flat, sandy-bottomed
streams often marked by limestone outcroppings that create riffles and
pools (Clewell 1991). The predominant stream type can be classified as
Rosgen (1996) C/E type. These streams are indicative of Valley Type X,
prevalent in peninsular Florida, marked by gentle slopes and slightly en-
trenched sinuous channels with broad and sometimes extensive floodplains
(Rosgen 1996). The highly stable stream channels of this subclass have a
less than 2 percent gradient and exhibit low channel width/depth ratios of
less than 12 (Rosgen 1996).

Hydrologic regimes. Typically, peak flows occur in the reference do-
main floodplains of peninsular Florida during the late summer and early
spring when water is supplied to the wetlands primarily from lateral sur-
face and near-surface transport from overbank flooding. Increased winter
precipitation during the 1997-98 season resulted in unusually high flows
with increased current velocities and overbank flooding. Normally, flow
patterns associated with blackwater streams in the reference domain are
low in winter months. During normal winters, low flow is maintained and
streams are charged during periods of low rainfall by groundwater dis-
charge from the surficial aquifer (Wolfe and Drew 1990).

Peak flooding occurs during the wet season in late summer for the major
river systems in the Southwest Florida Water Management District (Flannery
1989). Some of these rivers include the Withlacoochee, Hillsborough,
Alafia, Little Manatee, Manatee, Myakka, Peace, Ocklawaha, and Anclote
Rivers. Smaller episodic flooding usually occurs in the winter from January
through March (Dragovich, Kelly, and Goddell 1968; Flannery 1989).
Flooding and river flow are closely correlated to periods of heavy rainfall
(Dragovich, Kelly, and Goddell 1968), and water levels usually rise and
fall quickly (Ewel 1990). Average flow ranges and total area drained by
these rivers are shown in Table 6. The lowest flow averages 2.0 m3 57!
along the Anclote River and the highest flow averages 45.2 m3 s™! along
the Ocklawaha River. Total area drained by these rivers is 25,423 km?.
The dividing line (Figure 3) between peninsular Florida and continental
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Florida is also recognized as a climatic divide contrasting water conditions
between the north and south of this line. Streamflow discharge in rivers
north of the climatic divide are highest in late winter and early spring in
contrast to the rivers south of the line with peak discharges in late summer
and early fall (Heath and Conover 1981).

Table 6
Statistics for Selected Waterways in the Reference Domain
River Drainage, km? Average Flow, m3s™ Average Slope, m km™”
Anclote 188 2.0 0.55
Hillsborough 4,962 9.7 0.27
Alafia 105 10.0

South Prong 350 4.7

North Prong 277 3.0
Little Manatee 566 4.8 0.64
Manatee 922 2.2
Myakka 1,399 71 0.34
Peace 5,957 32.7 0.19
Ocklawaha 5,517 45.2 0.13
Withlacoochee 5,180 32.0 0.17
Sources: Nordlie (1992); Wolfe and Drew (1990).

Evapotranspiration rates in Florida average 110 billion gallons (4 X 108
m3) per day. The highest rates are in the south-central mainland area
within the reference domain. The lowest rates occur in the northwestern
and panhandle portions of the state and in the Keys (Fernald and Patton
1984). Runoff rates are high, exceeding average precipitation over annual
average potential evapotranspiration by 3 to 6 in. (76 to 152 mm) in much
of peninsular Florida. Flat terrain, slow drainage over sandy flatwoods,
and widespread wetlands are controlling factors for high runoff potential
(Fernald and Patton 1984). Channel slopes in the reference domain range
from 0.01 percent to 0.07 percent (0.1-0.6 m km™!) in the reference domain
(Table 6).

This subclass is characterized by 19 different soil types (Table 5),
which are listed as hydric soils on the county hydric soil lists. All 19 soil
series consist of deep, nearly level, poorly to very poorly drained soils that
have a loamy or a sandy subsoil or are sandy throughout. Permeability is
rapid (6-20 in./hr (0.15-0.5 m/hr)) to moderately rapid (2-6 in./hr (0.05-
0.15 m/hr)). Slopes are typically less than 2 percent.

Vegetation. Canopy vegetation consists mainly of a mosaic of cypress
(Taxodium sp.), red maple (Acer rubrum), water tupelo (Nyssa biflora),
sweetgum (Liquidambar styraciflua), American elm (Ulmus americana),
Carolina ash (Fraxinus caroliniana), diamond oak (Quercus laurifolia),
muscle wood (Carpinus caroliniana), and water hickory (Carya aquatica).
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Tree species dominance varies greatly between sites as evidenced by the
clinal nature of bottomland hardwood forest where tree diversity can be
high, as shown in Table 11, to be discussed in Chapter 4. Subcanopy
species such as Virginia willow (/tea virginica), swamp dogwood (Cornus
foemina), walter viburnum (Viburnium obovatum), and dwarf palmetto
(Sabal minor) are common components of this wetland subclass. The het-
erogeneity of species diversity is greatly characterized by the ground cover
vegetation. Upwards of between 30 to 40 species of ground cover vegeta-
tion have been identified in a single reference standard wetland (Table 11).

Disturbance/land use. In 1970, bottomland hardwood forests represented
16 percent of the total area of the state of Florida (Turner, Forsythe, and
Craig 1981). More recent pressures catalyzed by an extraordinary increase
in population have resulted in a disruption of the functions and processes
of Florida’s lotic ecosystems. The major impacts and losses to riverine wet-
lands are attributed to channelization, impoundment, industrialization and
mining, rapid urbanization, and agricultural activity (Livingston 1991).
More than 12 of the 40 major waterways of Florida are partially or com-
pletely channelized (Nordlie 1992). At least five of these rivers in the
Southwest Florida Water Management District have impoundment reservoirs
to provide storage for municipal water supplies or water is directly with-
drawn. These withdrawals can significantly reduce freshwater flow during
periods of reduced rainfall (Estevez, Dixon, and Flannery 1991). Industrial
and wastewater discharge, phosphate mining, and agricultural activities
have severely impacted the south-central floodplains (Estevez, Dixon, and
Flannery 1991). These activities adversely affect water quality by increasing
sedimentation, nutrients, coliform bacteria, toxic metals, and radioactive
and synthetic organic compounds to ground and surface waters. However,
sedimentation and the effects of erosion by phosphate mining can be mini-
mized if the area is effectively reclaimed.
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Wetland Functions and
Assessment Models

The following functions performed by low-gradient, blackwater stream bot-
tomland hardwood forests in peninsular Florida were selected for assessment:

a.

b.

B

> S 0

Temporarily Store Surface Water.

Maintain Characteristic Subsurface Hydrology.
Cycle Nutrients.

Remove and Sequester Elements and Compounds.
Retain Particulates.

Export Organic Carbon.

Maintain Characteristic Plant Community.

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 quan-
titative measure that can be used to validate the functional index.

Rationale for selecting the function: provides the rationale for se-
lecting a function, 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 surround-
ing landscape that influence the function and lays the groundwork
for the description of the model variables.

Description of model variables: defines and discusses model vari-
ables, and describes how each model variable is measured.

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

Chapter 4 Wetland Functions and Assessment Models
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Function 1: Temporarily Store Surface Water

Definition

Temporary storage of surface water is defined as the capacity of a river-
ine 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 that discharges 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 (m3/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 flood-
water has been extensively documented (Dewey and Kropper Engineers
1964; Campbell and Johnson 1975; Dybvig and Hart 1977; Novitski 1978;
Thomas and Hanson 1981; Ogawa and Male 1983, 1986; Demissie and
Kahn 1993). 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 to
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, a number of ecological processes oc-
cur 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 (Nicholas and Walling 1996; Walling, Quine, and He 1992;
James 1985; Ritter, Kinsey, and Kauffman 1973). 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 Wienhoff 1979). As floodwater inundates riverine wetlands, it also pro-
vides access to floodplain feeding and reproductive areas for fish and other
aquatic organisms (Copp 1997; Killgore and Baker 1996; Ross and Baker
1983; Guillory 1979; Welcomme 1979; Gunderson 1968), and serves as a
transport mechanism for plant propagules that may be important to the disper-
sal and regeneration of certain plant species (Johansson, Nilsson, and Nilsson
1996; Nilsson, Gardfjell, and Grelsson 1991; Schneider and Sharitz 1988). Fi-
nally, 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).
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Characteristics and processes that influence the function

The characteristics and processes that influence the capacity of a wet-
land to temporarily store floodwater are related to climate, watershed char-
acteristics, 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 dura-
tion, and greater the areal extent of a particular rainfall event, the greater
the flood peak will be. Watershed characteristics such as size and shape,
channel and watershed slopes, drainage density, and the presence of wet-
lands and lakes have a pronounced effect on the stormflow response
(Dunne and Leopold 1978; Brooks et al. 1991; Ritter, Kochel, and Miller
1995; Leopold 1994; Patton 1988). The larger the watershed, the greater
the volume and peak of streamflow for rainfall events. Watershed shape af-
fects how quickly surface and subsurface flows reach the outlet to the water-
shed. For example, a round 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)
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 riverine wetland are
the manifestation of the watershed stormflow response and the characteristics
mentioned in the previous paragraph. Conditions conducive to flooding are
dictated, to a large degree, by the nature of the stream channel and its flood-
plain. The morphology of the stream channel and its floodplain reflect the dis-
charges and sediment loads that have occurred in the past. Under naturally
stable or unimpacted flow and sediment conditions the stream and its flood-
plain will eventually achieve equilibrium. Alteration to the stream channel or
its watershed may cause instability that results in channel aggradation or deg-
radation and a change in depth, frequency, and duration of overbank flow
events (Dunne and Leopold 1978; Rosgen 1994). As the stream channel ag-
grades, 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 amount of surface water stored in the floodplain wetland over an an-
nual 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 resis-
tance to flow created by vegetation, debris, and topographic relief. In general,
duration increases as roughness increases and slope decreases.

Chapter 4 Wetland Functions and Assessment Models
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Description of model variables

Overbank Flood Frequency (Vpggg). This variable is defined as the
frequency with which water in an adjacent stream overtops its banks and in-
undates the riverine wetland (Ainslie et al. 1999). This variable is quanti-
fied by determining the recurrence interval in years of overbank flooding.
In the context of this function, overbank flood frequency indicates how
often peak seasonal discharge inundates a riverine wetland and allows sur-
face water to be temporarily stored (or removes and sequesters elements
and compounds, retains particulates, and exports organic carbon, or pro-
vides habitat for wildlife) and in many ways, contributes to the overall
health of the wetland. Sources of water for riverine wetlands are limited
(groundwater, rain, or overbank flooding), and so the frequency at which
the water is provided to the wetland is very important. Therefore, the recur-
rence interval in years is used to quantify this variable. This variable is
best derived from streamflow data within the watershed, but these data are
not always available. Flood frequency analyses of annual peak flow data,
typically by techniques outlined in U.S. Geological Survey (USGS) (1982)
using a log-Pearson Type III distribution, provide peak discharges for se-
lected recurrence intervals. Peak discharge data can be used in combina-
tion with stream cross-section data at selected sites to determine overbank
flooding. Several methods are available for estimating flood frequency re-
currence intervals and relating them to overbank flooding:

(1) Determine recurrence interval using one of the following methods
(specific guidelines are provided in Appendix C):

(@) Regional flood frequency ratio or regression equations devel-
oped by USGS for gaged or ungaged streams (Chow 1959;
Bridges 1982; Gillen 1996).

(b) A regional dimensionless rating curve (Ainslie et al. 1999).

(¢) Hydrologic models such as HEC-2 (U.S. Army Corps of Engi-
neers 1981, 1982), HEC-RAS (U.S. Army Corps of Engineers
1997), HSPF (Bicknell et al. 1993).

(d) Local knowledge.

(2) Report recurrence interval in years.

In peninsular Florida reference wetlands, using the regional curve or
equations for the ratio or regression approach described in Figure C5 pro-
duced the recurrence interval ranging from 2 to 100 years (Table D1, (5)
VrrEQ)- Based on the range of values from reference standard sites, a vari-
able subindex of 1.0 is assigned to recurrence intervals less than or equal
to 3.0 years (Figure 5). Longer recurrence intervals are assigned a linearly
decreasing subindex down to 0.1 at a recurrence interval of 10 years. This
is based on the assumption that where entrenchment, channelization, or
levees effectively increase the depth of the stream channel, a greater dis-
charge is required to overtop the bank and inundate the riverine wetland.
Since greater discharges occur less frequently, the volume of surface water
that is temporarily stored in riverine wetlands is less than what characteristically
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Figure 5. Relationship between frequency of overbank flooding and functional
capacity

is stored at reference standard sites in both the short and long term. The
rationale for the rate at which the subindex drops to 0.1 (i.e., 1.0 to 0.1) is
based on the assumption that as frequency of overbank flow increases, the
capacity of the wetland to store annual peak discharges decreases to one-
tenth the amount of water stored over a period of 10 years under reference
standard conditions. The reasoning for this is that the health of the wetland is
greatly influenced by the frequency of overbank flooding, so the greater
the frequency of flooding, the greater the impact Vg has on the model.
Model validation will help to define the actual nature of this relationship.
Recurrence intervals greater than 10 years are assigned a subindex of 0.1,
based on the assumption that even at longer recurrence intervals, riverine
wetlands provide some floodwater storage, albeit infrequently.

Floodplain Storage Volume (Vgrogrg). This variable represents the
volume that is available for storing surface water during overbank flood
events. In peninsular Florida, the loss of storage volume is usually a result
of dikes, roads, levees, or other man-made structures that reduce the effec-
tive width of the floodplain. In the context of this function, this variable is
designed to detect changes in storage volume that result from these types
of structures.

The ratio of floodplain width to channel width is used to quantify this vari-
able. Floodplain width is defined as the distance between the floodplain wet-
land on opposite sides of the stream measured perpendicular to the channel
(Figure 6A). Where artificial structures occur, floodplain width is the dis-
tance between the riverside toe of the structure and the floodplain elevation
contour (Figure 6B), or the riverside toe of a levee, road or other structure on
the opposite side of the stream (Figure 6C). Channel width is defined as the
distance between the top of the channel banks measured perpendicular to the
flow (Figure 6). The ratio of floodplain width to channel width can be meas-
ured using the following method, measuring both sides of the floodplain:

Chapter 4 Wetland Functions and Assessment Models
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Figure 6. Determining floodplain width and channel width

(1) Measure the width of the floodplain and the width of the channel
using surveying equipment or pacing in the field. A crude estimate
can be made using topographic maps or aerial photos, remembering
that short distances on maps and photographs translate into long dis-
tances on the ground (i.e., the width of a section line on a 1:24,000
USGS topographic map represents about 30 ft (9 m) on the ground.
The USGS fractional scale of 1:24,000 means that a distance of
1 unit on the map represents a distance of 24,000 of the same units
on the surface of the earth. Therefore, 1 in. (2.5 cm) on the map
equals 24,000 in. (60,960 cm) on the earth, or 1 cm on the map
equals 24,000 cm on the earth). If USGS topographic maps are used
to measure floodplain width, use of the metric scale will provide
greater accuracy.

(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 peninsular Florida reference wetlands, the ratio of floodplain width
to channel width ranged from 0 to 393.42 (Appendix D). Based on the
range of values at reference standard wetlands, a variable subindex of 1.0
is assigned to ratios greater than or equal to 30 for this variable (Figure 7).
Smaller ratios are assigned a linearly decreasing subindex down to 0 at a ra-
tio of 1. This is based on the assumption that the ratio of floodplain width
to channel width is linearly related to the capacity of the riverine wetlands
to temporarily store surface water.
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Figure 7. Relationship between floodplain storage volume and functional capacity

Floodplain Slope (Vg; opg). This variable represents various channel
and floodplain features in the vicinity of the riverine wetland. The relation-
ship between these features and the temporary storage of surface water is
based on the proportional relationship between slope, hydraulic radius,
channel roughness, and velocity in Manning’s equation (1):

. (1.49>< R2/3) (31/2)

n

(1)
where

V = mean velocity of flow, ft/s

R = hydraulic radius, ft, i.e., the cross-sectional area of the
channel divided by the wetted perimeter of the channel.

S = slope, ft/ft

n = roughness coefficient

The naturally occurring sequentially spaced riffle/pools and the correspond-
ing coarse/fine bed materials in them are controlled by the morphological
features of a river channel. Among these features are the hydraulic radius and
the sinuosity of the channel. These features are critical components that con-
tribute to the energy of the flow. Changes in these features can result in a se-
vere increase in downstream energy dissipation and consequential damaging
floods with a loss of the temporary storage of surface water in upstream
floodplains (Rosgen 1996).

In the context of this function, the variable is likely to change significantly

only when any of these channel features or the floodplain has been altered.
Floodplain alterations include surface mining, fill, and the placement of
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structures in the channel. Channel alterations include channel dredging,
straightening, or other streambed modifications (Figure 8).

Impacts or alterations to the channel or floodplain are used to quantify this
variable. Measure it with the following procedure:

(1) For floodplain alterations, determine if floodplain alterations such
as surface mining, fill, or the placement of structures in the channel
have occurred. Assign a value of 0.1.

(2) Channel alterations:

(a) If channel alterations such as channel dredging or straightening
or other streambed modifications have occurred, assign a
value of 0.

(b) If no alterations have occurred to the floodplain or channel,
assign a value of 1.0.

Floodplain Discharge
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Figure 8. Relationship between floodplain discharge and functional capacity

Floodplain Roughness (Vzoygp)- This variable represents the resis-
tance to the flow of surface water resulting from physical structure on the
floodplain. The relationship between roughness and the velocity of the sur-
face water flow is expressed by Manning’s equation, which indicates that
as roughness increases, velocity decreases and storage time increases
(Equation 2). Several factors contribute to roughness including the soil sur-
face, surface irregularities (e.g., micro- and macrotopographic relief), obstruc-
tions 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. Man-
ning’s roughness coefficient n is used to quantify this variable. Measure
Manning’s 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 Manning’s n at or slightly above ground surface (i.e., within 1 ft
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(0.3 m)). Once the depth of flooding is determined, measure the roughness
coefficient n using Arcement and Schneider’s (1989) method based on char-
acterization of the different components that contribute to roughness on
floodplains. These include micro- and macrotopographic relief (n79pp), ob-
struction (npg), and vegetation (nyg;). Photographic examples are pro-
vided by Arcement and Schneider (1989). The following steps are needed:

(1) Determine npg,4gg, the contribution to roughness of the soil surface.
Arcement and Schneider (1989) suggest using 0.026, the value for
firm sandy soil.

(2) Using the descriptions in Table 7, assign adjustment values to the
roughness components of nyppo, nops, and nygq.

(3) Sum the values of the roughness components to determine flood-
plain roughness. For example, Manning’s roughness coefficient

n=npysgt nropo T nopst NVEG.
(4) Report Manning’s roughness coefficient as a unitless number.

In peninsular Florida reference wetlands, Manning’s roughness coeffi-
cient ranged from 0.043 to 0.296 (Appendix D). These values were based
on setting ng gp to 0.026, and adjustment values for the topographic relief
component (nyppp), which ranged from 0.0 to 0.02, the obstructions com-
ponent (npg), which ranged from 0.0 to 0.05, and the vegetation compo-
nent (ny ), which ranged from 0.005 to 0.2.

Based on the range of values at reference standard sites, a variable
subindex of 1.0 is assigned to Manning’s roughness coefficients greater
than 0.14 (Figure 9). Lower roughness coefficients were assigned a line-
arly decreasing subindex down to 0.5 at <0.03. This reflects the approxi-
mate fivefold increase in flow velocity that occurs as floodplain roughness
decreases from 0.14 to 0.03 when holding hydraulic radius and slope con-
stant in Manning’s equation.

Functional Capacity Index

The assessment model for calculating the FCI for Temporary Storage
of Surface Water is as follows:

%
FCI = |:(VFREQ XV srore )% X [ Vsiore —;VROUGH ﬂ (2)

In the model, the capacity of a riverine wetland to temporarily store sur-
face water depends on three characteristics. In the first part of the model,
VrrEQ indicates the ability of water to get to the riverine wetland as re-
flected by recurrence interval. The variable Vg¢yopp indicates the volume
that is available for storing surface water, and reflects whether this volume
has been reduced by structures (i.e., levees), fill, or other cultural alterations.
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Table 7
Adjustment Values for Roughness Components Contributing to Manning’s Roughness
Coefficient n

Roughness Adjustment
Component to n Value Description of Conditions
Topographic Relief 0.0 Representative area is flat with essentially no microtopograhic relief (i.e.,
(Nropo) hummocks or holes) or macrotopographic relief (i.e., ridges or swales).
0.005 Microtopographic relief (i.e., hummocks or holes) or macrotopographic relief
(i.e., ridges or swales) cover 5-25 percent of a representative area
0.01 Microtopographic relief (i.e., hummocks or holes) or macrotopographic relief
(i.e., ridges or swales) cover 26-50 percent of a representative area.
0.02 Microtopographic relief (i.e., hummocks or holes) or macrotopographic relief
(i.e., ridges or swales) cover >50 percent of a representative area
Obstructions (nygg) 0.0 Obstructions occupy 1-5 percent of a representative cross-sectional area.

(includes coarse
woody debris, stumps,

debris deposits, 0.01 Obstructions occupy 16-50 percent of a representative cross-sectional area.
exposed roots)

0.002 Obstructions occupy 6-15 percent of a representative cross-sectional area.

0.05 Obstructions occupy >50 percent of a representative cross-sectional area.
Vegetation (1) 0.0 No vegetation present
0.015 Representative area covered with herbaceous or shrubby vegetation where

depth of flow exceeds height of vegetation by >2-3 times.
Vegetation includes ground cover and/or sparse understory cover only.

0.050 Representative area partially stocked with mature trees and covered with
herbaceous or shrubby vegetation where depth of flow is at height of
understory vegetation.

Vegetation includes ground cover, dense woody undercover with sparse or no
tree cover.

0.1 Representative area fully stocked with mature trees and with sparse
herbaceous ground cover and/or sparse woody understory vegetation.

0.2 Representative area partially to fully stocked with trees and dense herbaceous
cover and/or dense woody understory vegetation

Note: Adapted from Arcement and Schneider (1989) and Ainslie et al. (1999).
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Figure 9. Relationship between floodplain roughness and functional capacity
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The relationship between Viprp and Vgrogg is assumed to be partially
compensatory. This means that the variables contribute independently and
equally to the performance of the function (Smith and Wakeley 2001). A
geometric mean is used to average the two values. The use of a geometric
mean means that if the subindex of a variable drops to 0, the results from
that particular portion of the model will be 0. For example, if the subindex
for Vgrorg drops to 0, the results from the first half of the model will be 0.
In this particular model, the FCI will also drop to 0 because a geometric
mean is used to combine the first and second half of the model. For exam-
ple, as the recurrence interval decreases, and overbank flow is reduced, or
as the width of the floodplain is increasingly constricted by levees or
roads, temporary surface water storage is reduced. In the case of a vari-
able subindex dropping to 0, the function is eliminated. Use of an arit-
hmetic mean to combine Vpgprp or Vgrogg, or the first and second part of
the equation, would require that the subindices for all variables be 0 in or-
der for the FCI to equal 0, which is clearly inappropriate in this model.

In the second part of the model, Vyopygy and Vipe reflect the ability of
the wetland to reduce the velocity of water as it moves through the wet-
land. These variables are also assumed to be partially compensatory, but in
this case they are combined using an arithmetic mean. This makes the
model relatively less sensitive to low subindices of Vg and Ve ope
(Smith and Wakeley 2001). This is consistent with the assumption that
Vrougy and Vppc are less important in determining functional capacity
than either Vippp or Veropp-

Function 2: Maintain Characteristic Subsurface
Hydrology

Definition

Maintaining Characteristic Subsurface Hydrology is defined as the ca-
pacity of a low-gradient, blackwater stream bottomland hardwood forest
wetland to transport subsurface water. Potential sources for subsurface
water in riverine wetlands are direct precipitation, interflow (i.e., unsatu-
rated subsurface flow), groundwater flow (i.e., saturated subsurface flow),
and overbank flooding. A quantitative measurement of this function is the
percentage of time during a year that a characteristic or historical average
water depth is maintained.

Rationale for selecting the function

This function is integral to the characteristic hydrologic regime of the
adjacent stream. Storage and movement of subsurface water contribute to
the long-term discharge component of streamflow (base flow) and are par-
ticularly significant during periods of low precipitation or when overland
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runoff is relatively negligible (Butler 1957; Langbein and Iseri 1960). Sub-
surface storage/drainage directly affects the size and location of saturated
zones near the soil surface and thereby contributes to the rapid response
(storm flow) portion of the stream hydrograph during precipitation events
(Hewlett and Hibbert 1967; Hewlett and Nutter 1970). Additionally, this
function maintains water table depths and soil moisture conditions within
the floodplain and directly affects biogeochemical processes and nutrient
and material transport.

Characteristics and processes that influence the function

Subsurface water is derived from water that infiltrates the ground surface.
Upon infiltration, water may move through the soil as unsaturated (inter-
flow) or within the saturated zone, below the water table, as groundwater.
In general, vegetated surfaces in Florida, in combination with sandy soils
and relatively flat topography, promote infiltration and discourage storm-
water runoff. In Florida, there is the potential for a hardpan or spodic hori-
zon within the soil profile that will impede downward percolation and
encourage shallow saturated flow and storage above the hardpan. In gen-
eral, subsurface water will flow laterally according to differences in hy-
draulic head between higher elevations within the floodplain and the
channel banks of the stream. This hydraulic gradient will typically mirror
the gentle topographic gradient and will produce a subsurface flow several
orders of magnitude less than the streamflow or surface runoff rates. The
rate of subsurface flow will also be affected by soil and sediment charac-
teristics such as permeability and porosity. Subsurface flow will generally
flow more quickly through sand than clay. Although Florida’s soils are
typically sandy, organic clay layers may be found within the floodplain
that can alter flow direction and rates. Precipitation characteristics, such as
duration and intensity, will also influence water table depths, hydraulic
gradients, and rates of subsurface flow.

The relationship between the rate of subsurface water flow through a po-
rous material, hydraulic gradient, and permeability is described by Darcy’s
law and is generally stated (Fetter 1980) as:

dh
0=-Ksy A[E] 3)
where
Q = discharge, volume/time

saturated hydraulic conductivity, length/time
sat

A = area through which water is flowing, length2

dh/dl = hydraulic gradient or change in hydraulic head, length/length

The negative sign indicates that flow is in the direction of decreasing hy-
draulic head.
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Saturated hydraulic conductivity is determined by the characteristics of
the soil and the nature of the fluid moving through the soil (Fetter 1980;
Heath and Conover 1981). However, since the only fluid of interest here is
water, properties of the fluid such as specific weight and dynamic viscosity
can be considered constant. This leaves the characteristics of the soil as
the only factors of concern in determining saturated hydraulic conductivity
(Watson and Burnett 1993). Modern county soil surveys provide informa-
tion on the permeability of soils, which is equivalent to saturated hydraulic
conductivity (U.S. Department of Agriculture (USDA) NRCS 1996).

The area factor 4 in Darcy’s general equation, like the properties of the
fluid, can be considered constant for the purposes of rapidly assessing sub-
surface hydrology. The final factor in Darcy’s general equation, hydraulic
gradient, can be thought of as the force that moves water through the soil.
Increasing the hydraulic gradient will increase discharge in the same type
of soil. However, soils with different hydraulic conductivities that are sub-
jected to the same hydraulic gradient will transmit water at different rates.
For example, water will move through a sandy soil faster than through a
clay soil under the same hydraulic gradient because the sandy soil has a
higher hydraulic conductivity. In the context of rapid assessment the slope
of the water table from uplands to the stream channel represents the hydrau-
lic gradient in Darcy’s general equation.

There are several activities that have the potential to affect hydraulic
gradients and/or hydraulic conductivities in bottomland hardwood forests.
Ditching or pumping for agricultural or phosphate mining purposes can alter
drainage rates and hydraulic gradients. Heavy equipment associated with
these activities can compact soils and affect soil permeabilities and infiltra-
tion rates. Water resource management practices such as channelization,
impoundments, along with rapid urbanization can also affect subsurface
drainage patterns. Many of these activities have been documented for bot-
tomland hardwood floodplains within the Southwest Florida Water Man-
agement District (Estevez, Dixon, and Flannery 1991; Livingston 1991).

Description of model variables

Subsurface Water Velocity (Vgorpery)- This variable represents the
rate at which water moves down the hydraulic gradient through riverine
wetland soils and into the stream channel. This variable can be estimated
by using soil permeability, which for this purpose is equivalent to saturated
hydraulic conductivity. Relatively higher permeabilities typically suggest
relatively more rapid movement of subsurface flow whereas relatively
lower permeabilities indicate slower rates of water movement.
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Soil permeability is used to quantify this variable. Measure it with the
following procedure:

(1) If the soils have not been altered, use the following alternatives:

(@) An alternative method is to assign a value to soil permeability
by calculating the weighted average of median soil permeabil-
ity to a depth of 20 in. (0.5 m). Values for soil permeability
can be obtained from county soil surveys. Permeabilities and
weighted average permeabilites for soil series associated with
bottomland hardwood forests in the reference domain (sixteen
counties within the Southwest Florida Water Management
District) are tabulated in Table 8.

(b) The following example demonstrates how each weighted aver-
age permeability was determined. The Bradenton series has a
median soil permeability of 13 in./hr (0.3 m/hr) for 0- to 13-in.
(0.3 m) depth, and a median soil permeability value of 1.3 in./hr
(33 mm/hr) from 13- to 20-in. (0.3- to 0.5-m) depth. The
weighted average of the median soil permeability for the top
20 in. (0.5 m) is

[(13 % 13)+ (7% 1.3)]/20 =9 (4)

(2) If soils in the area being assessed have been altered by agricultural
activity, silvicultural activity, placement of fill, use of heavy equip-
ment in construction projects or surface mining, or any other activi-
ties with the potential to alter effective soil permeability.

(3) If soils have been altered select one of the following; otherwise use
Step 1.

(@) Assign a value to soil permeability based on a representative
number of field measurements of soil permeability. The
number of measurements will depend on how variable and spa-
tially heterogenous the effects of the alterations are on soil
properties.

(b) Assign a variable subindex based on the category of alteration
that has occurred at the site (Table 9). (Note: in this particular
situation no value is assigned to soil permeability; rather a
variable subindex is assigned directly).

Soil permeability is generally measured in inches/hour. For the purpose
of rapid assessment, report saturated hydraulic conductivity as alteration of
soil in depth or unaltered soils.

In the reference domain within peninsular Florida, soil permeability
ranges from less than 0.06 in./hr (1.5 mm/hr) to greater than 20 in./hr
(0.5 m/hr) (County Soil Surveys). A variable subindex of 1.0 was assigned to
unaltered sites with a soil permeability of less than or equal to 6 in./hr
(0.15 m/hr) (Figure 10). As soil permeability increases, a decreasing subin-
dex is assigned based upon the assumption that the increase in permeability is
linearly related to the ability of the wetland to maintain its characteristic
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Table 8

Permeability/Saturated Hydraulic Conductivity by Soil Layer (Upper 20 in. (0.5 m)) for
Hydric Soil Series Associated with Bottomland Hardwood Forests in Peninsular Florida

Weighted Average Soil
Range of Soil Permeability Permeability for Upper 20 In.

Soil Series Depth, in. in./hr (0.5 m), in./hr
Anclote 0-20 6.0-20 13

Astor 0-20 6.0-20 13

Basinger 0-20 6.0-20 13

Bluff 0-13; >13-20 0.2-0.6; 0.06-0.2 0.3
Bradenton 0-13; >13-20 6.0-20; 0.6-2.0 9

Chobee 0-15; >15-20 2.0-6.0; <0.2 3

Delray 0-20 6.0-20 13

Felda 0-20 6.0-20 13

Floridana 0-20 6.0-20 13

Holopaw 0-20 6.0-20 13

Iberia 0-20 <0.06 <0.1

Malabar 0-20 6.0-20 13

Manatee 0-10; >10-20 2.0-6.3; 0.63-2.0 3

Nittaw 0-6; >6-20 0.6-6.0; 0.06-0.2 1

Pineda 0-20 6.0-20 13

Placid 0-20 6.0-20 13

Pompano 0-20 >20 >20

Wabasso 0-20 6.0-20 13

Winder 0-14; >14-17; >17-20 6.0-20; 0.2-0.6; <0.2 9

Note: To convert inches to meters, multiply by 0.0254.

Table 9

Alterations

Soil Permeability Values, in./hr, for Silvicultural, Agricultural, Mining, and Other Soil

permeability to a depth of about 6 in. (0.15 m) (Aust 1994),
such as with silviculture.

“Typical” Soil

Permeability after Average Depth of Variable
Alteration Category Alteration Alteration Effects Subindex
Activities that compact surface layers and reduce Highly variable and Top 6 in. (0.15 m) of 0.5

spatially heterogeneous

soil profile

Activities such as agricultural tillage or pavers, etc., that

Highly variable and

Top 6 in. (0.15 m) of 0.5

surface, cover of soil surface with pavement or fill material,
or excavation and subsequent replacement of
heterogeneous materials such as with construction
activities/surface mining.

create some surface compaction as well as generally spatially heterogeneous | soil profile

decreasing the average size of pore spaces. These

activities decrease the ability of water to move through the

soil to a depth of about 6 in. (0.15 m) (Drees et al. 1994).

Compaction resulting from large equipment over the soil Highly variable and Entire soil profile 0.1

spatially heterogeneous
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Figure 10. Relationship between saturated hydraulic conductivity and functional
capacity (to convert soil permeability to meters per hour, multiply by
0.0254)

subsurface hydrology. A soil permeability equal to or greater than 20 in./hr
(0.5 m/hr) is assigned a subindex of 0.1 based on the assumption that all
soils generate a resistance to the flow of subsurface water. Soils altered or
impacted by agricultural activities (e.g., plowing or cultivation) or silvicul-
tural activities (e.g., cutting, shearing, or skidding) were assigned a vari-
able subindex of 0.5. This is based on data from Aust (1994) and Drees et
al. (1994), which indicate that as a result of these activities soil properties
are generally altered in the upper 6 in. (0.15 m) of the soil profile. This
means that soil permeability in the lower 14 in. (0.4 m), or 70 percent, of the
20-in. (0.5-m) soil profile is unaltered. Thus, a subindex of 0.5 is assigned.
Sites altered by construction activities, surface mining, or other activities
that affect the entire soil profile are assigned a subindex of 0.1 based on
the fact that all soils, regardless of their permeability, reduce the velocity
of water to some degree as it moves through the soil. It is assumed that the
vertical and lateral characteristics of this variable will be affected by these
activities through changes in soil structure and infiltration rates. It is diffi-
cult to predict the direction of change that some of these activities might in-
duce with respect to permeability. For the purposes of rapid assessment, it
is assumed that lateral flow will be increased, while vertical movement
will be decreased, thereby increasing movement of water down-gradient
into the stream channel. As previously stated, a subindex of 0.1 is assigned
assuming that all soils will generate some resistance to subsurface flow.

Water Table Slope (Vyrsropg)- This variable represents the change
in elevation of the water table moving from upland areas adjacent to the
riverine wetland to the nearest stream channel along a line perpendicular to
the center line of the floodplain within the bottomland hardwood forest. It
is considered to be the hydraulic gradient for subsurface water flow. Gener-
ally, in undisturbed floodplains, the water table mirrors the topographic sur-
face. In most cases within the reference domain, the water table would be
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expected to be relatively flat or gently sloping towards the stream channel
within the floodplain. Impacts or changes in slope can result from wells,
ditching, or other activities that might influence subsurface water movement.
If there are no obvious effects due to agriculture, etc., on the hydraulic gra-
dient within the floodplain, a subindex of 1.0 is assigned. If channelization
or other effects have occurred within the floodplain, then a value of 0.1 is
assigned. It is difficult to determine the direction or magnitude of change
in hydraulic gradient that a particular activity might cause. For the purpose
of rapid assessment, a value of 0.1 is intended to characterize an increase
in water table slope or hydraulic gradient and therefore increase the rate of
subsurface flow (Figure 11).

Functional Capacity Index

The model for deriving the FCI for Maintaining Characteristic Subsur-
face Hydrology is as follows:

_ 12
FCI= (Vsorperm * VwrsLoprr) ()

The FCl is essentially a representation of Darcy’s law. The two variables
Vsorpery a0d Vyrsr opr represent the variables K, (hydraulic conduc-
tivity) and dh/dl (hydraulic gradient), respectively, in Darcy’s equation.
These values represent the movement of subsurface water at a rate deter-
mined by the slope of the water table and soil permeability. The variables
are multiplied together and geometrically averaged in order to represent
the partially compensatory relationship between hydraulic conductivity and
water table slope (Smith and Wakeley 2001).

Function 3: Cycle Nutrients

Definition

Cycling nutrients is defined as the ability of a low-gradient, blackwater
stream bottomland hardwood forest to receive nutrient inputs, store nutri-
ents in biotic and abiotic pools, circulate and transform nutrients through
living and dead organic matter, replenish nutrients through decomposition
and weathering, and remove nutrients through leaching, gaseous, and other
losses. In this biogeochemical approach, specific nutrients are not consid-
ered individually. Instead, all nutrients in general are considered by this
function, which is quantified as the amount of nutrients processed per unit
area, g/mz, over a period of one year or less.
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Figure 11. Relationship between water table slope and functional capacity

Rationale for selecting the function

Nutrient cycling is an important function because without cycling of
nutrients, wetland ecosystems would quickly become depleted of nutrients.
The loss of nutrients in the system would result in decreased primary and
secondary production as well as reduced rates of decomposition. For exam-
ple, an adequate supply of nutrients in the soil profile supports primary pro-
duction, which makes it possible for the plant community to develop and
be maintained (Bormann and Likens 1970; Whittaker 1975; Perry 1994).
The plant community in turn provides a pool of nutrients and source of en-
ergy for secondary production, and provides the habitat structure necessary
to maintain the animal community (Fredrickson 1978; Crow and MacDon-
ald 1978; Wharton et al. 1981). Plant and animal communities serve as the
source of detritus, which provides nutrients and energy necessary to main-
tain a characteristic community of decomposers to break down organic ma-
terial into simpler elements and compounds that can then reenter the
nutrient cycle (Reiners 1972; Dickinson and Pugh 1974; Pugh and Dicken-
son 1974; Schlesinger 1977; Singh and Gupta 1977; Hayes 1979; Harmon,
Franklin, and Swanson 1986; Vogt, Grier, and Vogt 1986).

Characteristics and processes that influence the function

Nutrient cycling is a fundamental process in wetland ecosystems medi-
ated to a large degree by hydrology and by the growth and decomposition
of vegetation. In general, sites with higher levels of nutrients have higher
levels of net primary production (Mitsch and Gosselink 1993). As plants
grow, they take up nutrients that are stored for relatively long periods in be-
lowground rhizomes and woody tissue, or for shorter periods in herbaceous
or deciduous plant parts. Nutrients stored in plants are released when plants
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senesce, die, and decompose, as well as through leaching and grazing
(Schlesinger 1991).

Plant primary production and decomposition are two processes that
have been studied relatively intensively (Brinson, Lugo, and Brown 1981).
Aerial primary productivity (annual turnover of leaves and fine woody de-
bris) and biomass accumulation in mature and successional stages of for-
ested wetlands have been documented (Brinson 1990). However, larger
woody debris and belowground productivity have received less attention.

Nutrient cycling can be assessed directly and quantitatively by measur-
ing the rate at which plant biomass accumulates, turns over (annual litter
fall), and decomposes, and by analyzing the concentration of nutrients asso-
ciated with each phase. The time and level of effort required to accomplish
this are typically well beyond the resources available. Consequently, this
function must be assessed indirectly using variables or indicators that
reflect nutrient cycling in the wetland. One assumption is that the presence
of living biomass indicates that nutrient uptake is occurring. Stand age, leaf
area index, basal area, and biomass have all been used as proxy measures of
primary production in developing forest stands (Mengel and Lea 1990).
Therefore, a measure of standing stocks of trees, density or cover of shrubs,
and other forms of plant cover can be used to estimate primary production.

Similarly, decomposition is presumed if fallen and dead organic debris
exist on the forest floor in the form of leaf litter and humus (O horizon).
Most of the annual nutrient cycling occurs at the surface and close to the
surface in the O and A soil horizons and coarse woody debris.

Description of model variables

Tree Biomass (Vg4). This variable represents the total mass of
organic material per unit area in trees that occupy the stratum in riverine
forests. Trees are defined as woody stems 26 m in height and 210 cm di-
ameter at breast height (dbh). Diameter is by convention measured at 1.3 m
above ground level and can be easily converted to basal area, which is
closely related to stand development and maturity (Brower and Zar 1984),
and represents the simplest form of forest stand characterization. Basal
area is the area occupied by the tree stems and represents the mass of or-
ganic material per unit area in the tree stratum. In the context of this func-
tion, basal area serves as an indication that trees are present, taking up
nutrients, and producing biomass.

Tree basal area, a common measure of abundance and dominance in
forest ecology that has been shown to be proportional to tree biomass
(Whittaker 1975; Whittaker et al. 1974; Spurr and Barnes 1981; Tritton
and Hornbeck 1982; Bonham 1989), is used to quantify this variable.
Measure it with the following procedure:
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(1) Identify the species and measure the dbh in cm of all trees in a
circular, 11.3-m-radius sampling unit (Pielou 1984) or 20 m on
each side for a square plot (Mueller-Dombois and Ellenberg 1974;
Braun-Blanquet 1951) hereafter called a plot (0.04-ha sampling
unit).

(2) Convert each of the diameter measurements to area, sum them, and
convert to square meters. For example, if three trees with diameters
of 20 cm, 35 cm, and 22 cm were present in the plot, the conversion
to square meters would be as follows: remembering that the diam-
eter of a circle D can be converted to area 4 using the relationship
A = Y4mD?, it follows that %n20? = 314 cm?, %n35% = 962 cm?,
4222 =380 cm?. Summing these values gives 314 + 962 + 380 =
1656 cm? and converting to square meters by multiplying by
0.0001 gives 1656 cm? x 0.0001 = 0.17 m2.

(3) If multiple 0.04-ha plots are sampled, average the results from all
plots.

(4) Convert the results to a per-hectare basis by multiplying by 25,
since there are 25 0.04-ha plots in a hectare. For example, if the av-
erage value from all the sampled plots is 0.17 m?, then 0.17 m? x
25=43m?ha’l.

(5) Report tree basal area in m? ha™!.

Tree basal area in reference standard wetlands ranged from 31 to 73 m?2/ha
with an average dbh of 38 cm. When basal area is >30 m?/ha, a subindex of
1.0 is assigned (Figure 12). This situation is represented by the relatively
rare wetland sites with mature forests. Riverine wetlands with forests in
the early successional or midsuccessional stages are common in peninsular
Florida due to past logging activity. In these situations basal area is lower
and the subindex decreases linearly to zero at zero to reflect the deflection
from the reference standard condition. This is based on the assumption that
the relationship between tree basal area and the capacity of the riverine
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Figure 12. Relationship between tree biomass and functional capacity
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wetland to cycle nutrients is linear. Basal area in riverine wetlands cleared
for phosphate mining, commercial or residential development, or the pro-
duction of agricultural crops or grazing ranged from 0.0 to 19 m?/ha.

Understory Vegetation Biomass (Vggp). This variable represents the
total mass of organic material per unit area in the understory stratum of
riverine forests. Understory vegetation is defined as woody stems (e.g.,
shrubs, saplings, and understory trees) >1 m in height and <10 cm dbh. In
the context of this function, this variable serves as an indication that under-
story vegetation is present, taking up nutrients, and producing biomass.
Stem density (stems/hectare) is used to quantify this variable. Measure it
with the following procedure:

(1) Identify the species and count the stems of understory vegetation in
two 0.004-ha sampling units (hereafter called subplots) located in
representative portions from two quadrants of each 0.04-ha plot.
Sample using one 0.004-ha subplot for each 0.04-ha plot if the
stand is in an early stage of succession and a high density of stems
makes additional sampling impractical.

(2) If 0.004-ha subplots are used, average the results and multiply by 10
to serve as the value for each 0.04-ha plot.

(3) If multiple 0.04-ha plots are sampled, average the results from all
0.04-ha plots.

(4) Convert the results to a per-hectare basis by multiplying by 25. For
example, if the average of 0.04-ha plots is 23 stems, then 23 x 25 =
575 stems/ha.

(5) Report understory vegetation biomass as density of stems/ha.

The number of 0.04-ha plots required to adequately characterize the
area being assessed will depend on its size and heterogeneity. The chapter
“Assessment Protocol” provides guidance for determining the number and
layout of sample points and sampling units.

In west-central peninsular Florida reference wetlands, understory vegeta-
tion stem density ranged from 0 to nearly 2,500 stems/ha (Appendix D).
Based on data from reference standard sites, a variable subindex of 1.0 is
assigned when understory vegetation stem density is between 150 and
1,700 stems/ha (Figure 13). As understory stem density decreases, a subin-
dex linearly decreasing to zero at zero stems/ha is assigned. This is based
on the assumption that if understory vegetation does not exist, it does not
contribute to nutrient cycling. As understory vegetation stem density in-
creases above 1,400 stems/ha, a linearly decreasing subindex is assigned
down to 0.5 at 1,900 stems/ha. Above 1,900 stems/ha a subindex of 0.5 is
assigned. The rationale for this is that it is common for understory stem
density to exceed 500 stems/ha during the middle stages of succession
(Whittaker 1975). As the forest matures, competition for resources results in
a decrease in understory stem density to the levels observed at reference stand-
ard sites. The rate at which the subindex increases, decreases, and levels
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Figure 13. Relationship between understory vegetation biomass and functional
capacity

out above 1,400 stems/ha represents an educated guess of the relationship
between understory stem densities and nutrient cycling. These assumptions
could be validated using the data from a variety of low-gradient riverine
wetlands in the southeast summarized by Brinson (1990), Christensen (1991),
Sharitz and Mitsch (1993) and Messina and Conner (1997), or by the inde-
pendent, quantitative measures of function identified previously.

Ground Vegetation Cover (Vgp ). This variable represents the total
mass of organic matter in the woody and herbaceous vegetation near the
surface of the ground in riverine forests. Ground vegetation is defined as
all herbaceous and woody vegetation <I m in height. In the context of this
function, this variable serves as an indicator that ground vegetation is pre-
sent, taking up nutrients and producing biomass. Percent cover of ground
vegetation is used to quantify this variable.

There are two alternatives for measuring percent ground vegetation
biomass:

(1) Alternative one.

(a) Visually estimate the percentage of ground surface that is cov-
ered by ground vegetation in the Wetland Assessment Area
(WAA) by mentally projecting the leaves and stems of ground
vegetation to the ground surface. Walking through the WAA
and viewing the ground cover vegetation from above is sug-
gested as this provides a more accurate and precise measure
of cover due to vegetation stratification and multiple layering.

(b) Report ground vegetation cover as a percent.
(2) Alternative two.

(a) Visually estimate the percentage of the ground surface that is
covered by ground vegetation by mentally projecting the
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(b)
()

(d)

leaves and stems of ground vegetation to the ground surface
in each of the six m? sampling units, hereafter called subplots,
placed in representative portions of each quadrant of a 0.04-
ha plot. The number of 0.04-ha plots required to adequately
characterize an area will depend on its size and heterogeneity.
The chapter “Assessment Protocol” provides guidance for
determining the number and layout of sample points and
sampling units.

Average the values from the six m? subplots.

If multiple 0.04-ha plots are sampled, average the results from
all the 0.04-ha plots.

Report ground vegetation cover as a percent.

In west-central peninsular Florida reference wetlands, ground cover
ranged from 16 to 100 percent cover (Appendix D). In reference standard
wetlands, the amount of ground vegetation is relatively small due to the
low level of light that occurs near the ground surface as a result of light in-
terception by trees, saplings, and shrubs. Based on data from reference
standard sites, a variable subindex of 1.0 is assigned to sites with a ground
vegetation cover between 0 and 50 percent (Figure 14). As ground vegeta-
tion cover increases to greater than 50 percent, a linearly decreasing subin-
dex down to 0.1 at 100 percent ground cover vegetation is assigned. This is
based on the assumption that even when the ground cover vegetation is
high, some overstory and understory vegetation will probably be present
and contribute to nutrient cycling. Also, an increase in ground vegetation
cover indicates a higher level of light at the ground surface and fewer
trees, saplings, and shrubs to maintain a characteristic level of nutrient
cycling. These assumptions could be validated using the independent,
quantitative measures of function defined previously.

Ground V egetation Biomass
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Figure 14. Relationship between ground vegetation biomass and functional
capacity

O Horizon Biomass (Vggogr)- This variable represents the total mass
of organic matter in the O horizon. The O horizon is defined as the soil
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layer dominated by organic material that consists of recognizable or par-
tially to highly decomposed organic matter such as leaves, needles, sticks
or twigs <0.6 cm in diameter, flowers, fruits, insect frass, moss, or lichens
on or near the surface of the ground (USDA Soil Conservation Service
(SCS) 1993). The O horizon is synonymous with the terms detritus or lit-
ter layer used by other disciplines. In the context of this function, this vari-
able serves as an indicator that nutrients in vegetative organic matter are
being recycled.

Percent cover of the O soil horizon is used to quantify this variable. The
procedure for measuring it is as follows:

(1) Visually estimate the percentage of the ground surface that is cov-
ered by an O horizon in each of four 1-m? subplots placed in repre-
sentative portions of each quadrant of a 0.04-ha plot. The number
of 0.04-ha plots required to adequately characterize the area being
assessed will depend on its size and heterogeneity. The chapter “As-
sessment Protocol” provides guidance for determining the number
and layout of sampling points and sampling units.

(2) Average the results from the 1-m? subplots within each 0.04-ha plot.

(3) If multiple 0.04-ha plots were sampled, average the results from
these plots.

(4) Report O horizon cover as a percent.

In west-central peninsular Florida reference wetlands, percent O horizon
measured 100 percent (Appendix D). Based on data from reference standard
sites, a variable subindex of 1.0 is assigned when the O soil horizon is 100
percent (Figure 15). As O horizon cover decreases, a subindex linearly de-
creasing to zero at zero percent cover is assigned. The rate at which the
subindex decreases, and the selection of 0 as the subindex at 0 percent
cover are based on the assumption that the relationship between O soil hori-
zon cover and organic carbon export is linear, and that a decreasing
amount of biomass in the tree, sapling, shrub, and ground vegetation strata
of the plant community is reflected in lower percent O soil horizon cover.
When percent O soil horizon declines to zero, sequestration by organic mat-
ter has essentially ceased. These assumptions could be validated using the
independent, quantitative measures of function defined previously.

A Horizon Biomass (V gyogr).- This variable represents total mass of or-
ganic matter in the A horizon. The A horizon is defined as a mineral soil
horizon that occurs at the ground surface, or below the O soil horizon, and
consists of an accumulation of unrecognizable decomposed organic matter
mixed with mineral soil (USDA SCS 1993). In addition, for the purposes
of this procedure, in order for a soil horizon to be considered an A horizon
it must be at least 7.5 cm (3 in.) thick, and have a Munsell color value less
than or equal to 4. In the context of this function, this variable serves as an
indicator that nutrients in vegetative organic matter are being recycled.
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Figure 15. Relationship between O horizon biomass and functional capacity

Percent cover of the A soil horizon is used to quantify this variable.
Measure it with the following procedure:

(1) Estimate the percentage of the mineral soil within the top 15 cm
(6 in.) of the ground surface that qualifies as an A horizon by mak-
ing a number of soil observations in each of four 1-m? subplots
placed in representative portions of each quadrant of a 0.04-ha plot.
For instance, if in each subplot 12 soil plugs are taken and 6 show
the presence of a 7.5-cm- (3-in.-) thick A horizon, the value of the
A horizon cover is (6/12) x 100 = 50 percent. The number of 0.04-
ha plots required to adequately characterize the area being assessed
will depend on its size and heterogeneity. The chapter “Assessment
Protocol” provides guidance for determining the number and layout
of sampling points and sampling units.

(2) Average the results from the 1-m? subplots within each 0.04-ha plot.

(3) If multiple 0.04-ha plots were sampled, average the results from
these plots.

(4) Report A horizon cover as a percent.

In west-central peninsular Florida reference wetlands, A horizon cover
ranged from 0 to 100 percent (Appendix D). Based on data from reference
standard sites, a variable subindex of 1.0 is assigned when the percent
cover of the A horizon is 100 percent (Figure 16). As the percent cover of
the A horizon decreases, a subindex linearly decreasing to zero at zero per-
cent cover is assigned. This is based on the assumption that the relationship
between percent A horizon and the capacity to cycle nutrients is linear and
reflects decreasing contribution to A horizon biomass by the tree, sapling,
shrub, and ground vegetation strata of the plant community. Sites that have
been converted to agricultural crops may have low coverage of the A hori-
zon due to the oxidation of the organic carbon following tillage (Ismail,
Blevins, and Frye 1994).
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Figure 16. Relationship between A horizon biomass and functional capacity

Woody Debris Biomass (V