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Introduction

Wetlands are defined as "lands that have a predominance of hydric soil; are
inundated or saturated by surface water or ground water at a frequency and
duration sufficient to support a prevalence of hydrophytic vegetation typi-
cally adapted for life in saturated soil conditions; and under normal circum-
stances do support a prevalence of hydrophytic vegetation" (1985 National
Food Security Act, as amended). Historically, wetlands in the United States
are synonymous with loss. The U.S. Fish and Wildlife Service (USFWS)
National Wetlands Inventory Status and Trends Report (1991) estimates
that the original wetland acreage in the coterminous United States at the
time of European settlement was 221 million acres. This same report esti-
mates that 103 million acres (or 47%) remain, and losses continue on an
annual basis. However, recently the rate of wetland loss has slowed partly
the result of changes in public opinion towards the value of wetlands and
also by Federal and State wetland legislation intended to conserve the
resource.

At the same time wetland conversions have slowed, efforts to return wet-
land conditions to drained and degraded wetlands have increased. Wetland
restoration and enhancement efforts by the United States Department of
Agriculture, Natural Resources Conservation Service (Wetland Reserve
Program), U.S. Fish and Wildlife Service (Partners for Fish and Wildlife
Program), Ducks Unlimited, The Nature Conservancy, and other public and
private organizations are impacting the recovery, conservation, and preser-
vation of wetland resources throughout the United States. As of November
2001, the Wetland Reserve Program had enrolled 1,074,245 acres of con-
verted and degraded wetland into the program since its inception in 1992
and the USFWS has reestablished 464,816 acres of wetlands through their
Partners for Fish and Wildlife Program.

Wetland Restoration, Enhancement, and Management is designed to assist
the NRCS field level of operation in their work by providing the most recent
technical information available on specific topics. The publication is a
compilation of papers on specific issues written by experts in that field.
Each paper is an individual submission and stands alone, connected to the
other papers in the publication only by topic similarity. In this way, indi-
vidual papers can be updated and new papers added as wetland technology
evolves. The topic papers are grouped into four sections, each a phase in
the restoration process.
e Section I is information on techniques used to restore and enhance
vegetation, hydrology, and wildlife benefit.
e Section II focuses on monitoring.
e Section III consists of papers related to management of specific spe-
cies of wildlife, vegetation (beneficial and noxious), and habitats.
e Section IV is papers on restoration and enhancement techniques
important from a regional perspective.

Papers listed in the Contents with bold type are complete and included in
this issue of the technical note. Those papers in faint type are planned for
future submission. This complete publication with all subsequent additions
is available to be copied from the NRCS Wetland Science Institute Web site
(<www.pwrc.usgs.gov/wli/default.htm>).

(WRE&M, January 2003) iii
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This publication stems from "lessons learned" over time by
restorationist, foresters, wildlife biologists, botanists, engineers, and
practitioners of wetland management. The papers included are our
most up-to-date knowledge on the topic and information on practice
application; yet, it is only a snapshot in time. Time will, in turn,
further improve our understanding of wetland ecosystems. This
knowledge will lead to a refinement of restoration techniques and
the development of new ones. And these new techniques will affect
future success. It is intended that as the science of restoration,
enhancement, and management evolves, so will the Wetlands Resto-
ration, Enhancement, and Management publication.

Norman C. Melvin, III, Ph.D.
Wetland Science Institute
USDA-NRCS

Harrisburg, Pennsylvania

(WRE&M, January 2003)
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Section I Wetland Restoration and
Enhancement Techniques
Part C Restoring Hydrology

I.C.1 Restoring hydrology
—Structures

(Paul Rodrigue, NRCS Wetland Science Institute,
Oxford, Mississippi, December 2001)

Purpose

This paper provides guidance on the types and use of
various water control structures in wetland restoration
or enhancement projects. It provides an overview of
application to a wetland situation as opposed to a
production agriculture environment.

Contents

Structures

Wetland hydrology restoration often involves the use
of various types of structures to restore, enhance, or
regulate hydrology on the restoration site. Structures
typically used in wetland restorations include dikes,
low berms, diversions, grade stabilization structures,
water control structures, excavated and embankment
ponds, and de-leveling features, such as depressions,
wildlife islands, swales, and sloughs.

Structure design requirements should be developed
based upon the wetland application rather than tradi-
tional production agriculture requirements. For ex-
ample, the longer detention times and storage avail-
able in wetland restoration areas should be considered
in the design of outlet structures.

Structural features should represent the natural form
found in the surrounding landscape. Features, such as
dikes, should be set back from property lines and
roads to prevent duplication of their linear form.
Features should be nonlinear and random as found in
nature. Following a natural contour line is preferred to
following a property line.

Ditch plugs

In some areas hydrology has been removed by a sur-
face drainage system. Ditch plugs (often a component
of Wetland Restoration (Conservation Practice Code
657)) are used to reduce the effectiveness of this

system by partially filling the ditch at selected points.
This should be done to ditches that drain only the
restored area.

Law in most states requires that runoff from and to
adjacent land owned by different landowners main-
tains the traditional inflow and outflow points, and
flow rates. Therefore, ditches that drain these proper-
ties should not be modified, and lateral measures
should be applied instead.

Rice levees (low berms)

A simple method to prevent runoff and increase onsite
hydrology is to install rice levees (low, narrow berms)
through the restored area, especially if a Bottomland
Hardwood forest restoration. Small levees are estab-
lished on contour through the area and installed on a
set contour interval (for example, 0.2-foot vertical
spacing). Rice gates or other simple devices can be
installed to provide fixed overfall points to prevent the
levee from being cut by runoff flows, thereby improv-
ing longevity. These rice levees provide a temporary
series of impoundments to increase hydrology until
nature (debris, vegetation, and wildlife) establishes its
own hydrology onsite. Rice levees should be consid-
ered a temporary measure although remnants of these
levees may last for decades. This practice does not
interfere with the runoff from adjacent properties.

Dikes

Wetland restoration projects often involve the use of
dikes or berms to contain water for wildlife benefits.
The dike standard in a state should be updated to
recognize the application to a wetland restoration
system (low storage depths, which would have mini-
mal negative impacts if breached). Top widths, free-
board, and side slopes are the critical aspects in wet-
land restoration esthetics and wildlife needs.

While rice levees are considered temporary, dikes
(Conservation Practice Code 356) can be built as
permanent structures with low maintenance require-
ments. Dikes can be built around the perimeter of an
area to retain runoff on it. They can also be built
across swales to form low dams in them. If they are
built parallel to drainage features, they can prevent
inflow from the wetland site to the ditches, but allow
the ditch to remain open for drainage of adjacent land.
The top width can be set to accommodate the required
vehicle traffic for access and maintenance.

(WRE&M, January 2003) LC.1-1
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Dikes should be 3 feet or less in height for wetland
conditions. Multiple dikes may be required to flood
large areas with typical, shallow wetland depths. A
series of smaller, shallower wetlands created by a
series of low dikes may be preferred to a single, large,
deepwater pond and embankment, such as one built
by the pond embankment standard (Conservation
Practice Code 378).

To protect the dikes from washout, spillways should
be installed in the dikes to handle anticipated runoff
and flow rates without causing erosion of the dike.
The type of spillway is dictated by the runoff design
flows and the desire to manage water elevations.
Repair or replacement cost may be lower than con-
structing for a large event.

Impoundments created by dikes should be checked to
verify that they do not extend off the site.

Often a dike-like structure is used; usually called a
berm (some people call them rollover dikes, implying
that floodwater would overtop them). Overtopping is
the critical time. High water always finds the lowest
point, and that is where erosion of the berm is most
likely to begin. For level berms, establish a control
point, such as a vegetated or reinforced chute or
spillway, to protect the dike from washing out. Other-
wise, where they will overtop is unknown. Low, flat
berms (only a foot or two high) with about 20:1 slopes
can be oriented along the contour. An engineer (using
some artistic license) can adapt existing practice
specifications to wetland restorations where loss of
life and property are not involved.

Water control structures

Water control structures are used in wetland restora-
tion to help establish and manage hydroperiod by
managing water surface elevation upstream of the
structure. These structures may be designed with or
without drawdown capability (inlet invert above
wetland bottom). Fixed crest spillways are preferen-
tial to reduce or eliminate operation and management
requirements or errors (unintended drawdown, delay
in establishing inundation).

An operation plan should be in place for any water
control structures along with any required compatible
use permits.

Typical water control structures

Stoplog structures

A stoplog structure may be the familiar flashboard
riser attached to a circular conduit through a dike, or
it may be a straight, weir-type, open flow structure.
The removal or insertion of stoplogs controls the
water level. The stoplogs can be wood, metal, or
plastic. Metal stoplogs may be preferred to eliminate
beaver damage, floatation of stoplogs, and shrink/
swell problems.

Outlet rates should take into account the storage
capacity of the wetland. The wetland storage attenu-
ates the peak flows. One method of conducting such
an analysis is to use the quick flood routing procedure
in exhibit 11-4, chapter 11, Engineering Field Hand-
book.

Flashboard riser

Sizing for row crop production is different than for
wetland restoration where removal times are longer
(no removal requirement to prevent crop damage) and
detention capacity (natural wetland function) is
greater (fig. 1.C.1-1).

Chutes

Chutes can be installed over a dike, low berm, or
embankment and act as a fixed crest spillway, where
no drawdown is required (permanent water). Chutes
can be vegetated spillways, or reinforced with perma-
nent turf reinforcement material, concrete, riprap with
geotextile, in-filled cellular confinement material with
geotextile, gabions, or concrete block with geotextile.
These chutes act as broad-crested weirs (fig. I.C.1-2).

Open drop/weir

Open flow straight drops function as weirs (fig.
1.C.1-3). Prefabricated metal (aluminum, steel),
concrete, gabions, and other such material may be
used for construction.

1.C.1-2 (WRE&M, January 2003)
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Figure I.C.1-2 Chute installed over a dike acts as broad-crested weir
—

Impoundment

Cellular confinement
material or permanent
turf reinforcement

Additional material

Figure I.C.1-3 Open flow straight drops (photo courtesy
meessssssss  of Bobby Massey, Ducks Unlimited)

NRCS Engineering Field Handbook:
e Chapter 6, Structures
e Chapter 11, Ponds and Reservoirs (quick-flood
routing methodology, exhibit 11-4)
e Chapter 13, Wetland Restoration, Enhancement,
or Creation

Ducks Unlimited Wetlands Engineering
Manual:

http://www.sedlab.olemiss.edu/projects/rodrigue/
papers.html

Standard drawings for open flow structures:

http://www.wcc.nres.usda.gov/wtec/wtec.html

http://www.oh.nrcs.usda.gov/engineering/cadd2.htm

1.C.14 (WRE&M, January 2003)
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I.C.2 Restoring hydrology—
Microtopography and
macrotopography

(Paul Rodrigue, NRCS Wetland Science Institute,
Oxford, Mississippi, December 2001)

Purpose

This paper provides guidance on the establishment of
micro/macrotopography as part of a wetland restora-
tion or enhancement project. It also provides guidance
on the evaluation of hydroperiod to ensure a success-
ful hydrology restoration. Examples of micro/
macrotopographic features are provided along with
the Indiana Biology Technical Note No. 1, Using Micro
and Macrotopography in Wetland Restoration (cour-
tesy of Dave Stratman, biologist, USDA, NRCS, India-
napolis, Indiana).

Contents

Definitions

Microtopography—Topographic features with a
vertical relief of less than 6 inches. Includes small
depressions, swales, wallows, and scours that would
hold water for a short (hours to days) time after a
rainfall, runoff, or flooding event. Small ridges that are
rarely inundated are included here as well.

Macrotopography—Topographic features with a
vertical relief of 6 inches to several feet. Includes
deeper depressions, swales, and sloughs that hold
water for a significant (weeks to months) time after a
rainfall, runoff, or flooding event.

Hydroperiod—The timing, depth, and duration of
saturation and inundation. Hydroperiod should be
considered over a long-term climatic scenario (10
years minimum) rather than using one normal or
typical year that can provide misleading results.

Restoring hydrology

Restoring hydrology on a wetland restoration requires
the establishment of microtopography and macrotopo-
graphy in the wetland landscape. The amount, degree,
and type of topography to be developed are based

upon the purpose and objectives of the wetland resto-
ration.

Once plant and wildlife needs are addressed, an appro-
priate hydroperiod (or hydroperiods) can be planned.
A diversity of hydroperiods, achieved with a diversity
of topographic features, can provide the wetland
characteristics required in the wetland restoration
plan. Hydroperiods should be planned for the appropri-
ate plant (woody and herbaceous) and animal species
(waterfowl, amphibians, insects) expected to inhabit
the diverse restoration site.

By providing micro- and macrotopography, a diversity
of hydroperiods will exist on a site, from permanent
water to short-term, seasonal ponding.

Examples

1. To promote amphibian habitat, areas of nonperma-
nent water should be developed to prevent predation
by fish. Therefore, inundation should be planned as
temporary or seasonal. Microtopographic depressions
and swales may best fit these requirements.

2. To promote wading bird habitat, areas of receding
water that continually expose new shoreline are desir-
able. Therefore, inundation should be planned as long-
term seasonal or semi-permanent with a large area-to-
depth ratio (flat side slopes, 10:1 or flatter).

3. To promote waterfowl habitat, areas of open water
for resting, feeding, or brood-rearing are always desir-
able on at least part of the site. Therefore, inundation
should be planned as permanent. Deep ponds or
swales should be planned with steeper side slopes (5:1
or steeper) to reduce evaporative surface area.

Limited micro/macrotopography

In some circumstances, especially in bottomland
hardwood restoration (BLH), sites may be afforested
without any major hydrologic manipulation if a suffi-
cient quantity and diversity (e.g., isolated depressions)
of hydrology are present on site. If sufficient micro-
topography is not present (area has been smoothed or
leveled), restoration of depressional features must be
included in the restoration plan. In some cases the
areas are already subject to out-of-bank flooding by
rivers and streams (these areas are sometimes classi-
fied as Farmed Wetlands). In these areas small berms
can be made to hold water for a longer time after the
floodwater recedes. In other cases the drainage is poor

(WRE&M, January 2003) LC.2-1
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so that sufficient periods of soil saturation occur, Planning micro/macrotopographic features
particularly during winter and early in spring. Depres- Constructed micro/macrotopographic features should
sions created in these areas will provide some open emulate the natural form of the surrounding land-
water. scape. Features, such as dikes, should be set back

from property lines and roads to prevent duplication of
their linear form (fig. I.C.2-1). Features should be
nonlinear and random as found in nature. Following a
natural contour line is preferred to following a prop-
erty line.

Figure 1.C.2-1 Example of serpentine dikes being set back from linear property lines (Louisiana NRCS)

1.C.2-2 (WRE&M, January 2003)
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Stream analogy

Natural streams have certain features: meanders,
riffles, glides, runs, pools, thalwegs, bars, headcuts,
and natural levees. Wetland hydrology restoration
should consider synonymous features depending upon
the wetland type (table 1.C.2-1).

Random and nonlinear (e.g., serpentine rather than
straight dike) planning result in a landscape that
represents the nonuniform and irregular landscape
patterns found in nature. In his report on the Lower
Mississippi Valley, Saucier (1994) states:

Geomorphic processes determine how, when,
where, what, and if sediments are deposited.
Landscapes, however, involve the products of
geomorphic processes in the context of regional
settings and geologic controls. Scale and time
become important factors. Meander belts, for
example, consist of numerous individual natu-
ral levees, abandoned channels, and other land-
JSorms, but the types, number, and distribution
of meander belts depend on valley size, shape,
slope, interactions among meander belts, and
time.

Table 1.C.2-1 Hydrology features
—

Stream Wetland

Pool Depression or dugout, temporary
to permanent

Run Flow path, short duration

Glide Shallow flow, mid-duration

Bars Islands, uplands

Meanders Serpentine sloughs and serpen-

tine levees

Control structures - drawdown
capability, fixed crest - no draw-
down

Headcuts

Natural levees
Riffles
Thalwegs

Dikes, diversions
Debris dams, check dams
Stable concentrated flow areas

Micro/macrotopography planning should aim to look
as if there is no planning at all. Flow patterns should
snake through the area rather than show a rigid drain-
age pattern, and only inflow and outflow points should
be maintained to respect the rights of adjacent land-
owners. Flow patterns through sloughs should have
areas that equate to the runs, glides, pools, and riffles
of flowing streams.

Hydrology considerations

Water source—The source of water is fundamental
for evaluating a site’s potential wetland hydrology
restoration. Sources of water may include direct
precipitation, runoff from contributing drainage area,
groundwater discharge, or riverine or lake flooding.
Pumping, from groundwater or surface water, may
also be a water source for the site, but a source that
has a significant operation and maintenance compo-
nent. Pumping can provide early season water or
water in dry years.

Direct precipitation and runoff are easily evaluated
from available weather data. Riverine or lake flooding
can only be easily evaluated if stage data are available.
Inputs from groundwater discharge are difficult to
assess and evaluate without extensive monitoring,.

Storage capacity—The amount of water the topo-
graphic feature can hold, and the stage:storage:area
relationships (saucer shaped as opposed to bowl
shape) are important in establishing the timing and
duration of inundation and changes that occur season-
ally. The stage:storage:area relationships relate to the
shape of the feature, how the surface area will change
as water is added (rainfall, runoff) or lost (evapora-
tion, plant transpiration, deep seepage). A saucer-
shaped feature has large changes in surface area in
response to small changes in water losses or additions.
Conversely, a bowl-shaped feature has small changes
in surface area in response to large changes in water
losses or additions.

Saucer-shaped features tend to be temporary and
seasonal with large areas exposed as water is lost
(wading bird habitat). Bowl shaped features tend to be
semi-permanent to permanent with smaller exposed
areas as water is lost, but providing long-term water to
support bird species and amphibians.

(WRE&M, January 2003) LC.2-3
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This storage effect also affects temporary storage and
the requirements for outflow devices (see exhibit 11-4,
chapter 11, Engineering Field Handbook).

Water losses—Water losses in wetland topographic
features include deep percolation, evaporation from
wet surfaces, and transpiration through vegetation
including adjacent trees that have roots using water
from the wetland feature. Outflow is also a water loss.

Operation and maintenance

The hydrology restoration plan should minimize future
operation and maintenance requirements as the site
matures. The site should have no excessive erosion or
sedimentation problems that would fill microtopo-
graphic features at higher than normal rates.

Hydroperiod management can be minimized by having
fixed crest outlet elevations. This is preferred. How-
ever, hydroperiod can be manipulated by the use and
management of water control structures, such as
stoplogs, gate valves, adjustable riser pipes, or flap
gates (see section I.C.1), Restoring hydrology—Struc-
ture, in this technical note.) If this method is used,
determine if a compatible use permit is required.

An overall management plan must be developed for
hydroperiod manipulation including the operation of
control structures.

Creative borrowing

Borrow areas for dikes or embankments can be
planned as permanent pools or deepwater habitats.
Excess material can be used to create islands in water
features or upland areas in flatlands.

Where possible, excavation as a source of fill for dikes
should be away from the dike. This prevents the estab-
lishment of permanent water against the dike and the
inherent possibility of providing habitat for burrowing
rodents.

Evaluating hydroperiod

Areas receiving natural flooding from lakes and rivers
may not need evaluation beyond determining fre-
quency of flooding (gage data). However, depressional
features dependent upon rainfall (runoff) for inunda-
tion need to be evaluated.

Hydroperiod should be evaluated in some fashion to
determine if the desired hydrology restoration goals
will be achieved. Evaluation can be quite simple or
very elaborate depending upon the accuracy and detail
required.

Hydroperiod is determined based upon storage, rain-
fall, evapotranspiration (ET), and drainage area. Make
pool deeper to offset lack of drainage area if perma-
nent water for waterfowl is desired.

SPAW model (ftp://c100.bsyse.wsu.edu/pub/spaw/)—
SPAW (Soil-Plant-Air-Water) is a water budget model.
It consists of two basic components: a field compo-
nent and a pond component. For a wetland restoration
analysis, the field component would be used to evalu-
ate runoff from a contributing drainage area. The pond
component would be used to evaluate the hydroperiod
(timing, depth, duration) of the wetland area. All
processes are evaluated, and long-term, continuous
simulations can be performed. The program is rela-
tively easy to use, and input data are readily available.

Spreadsheet water budget—A simple water budget
(rainfall, evaporation, runoff) can be set up in a
spreadsheet for individuals experienced in spread-
sheet use. The budget can be made simple or ex-
tremely complex depending upon the user’s needs and
experience level.

Example

An example result from a simple spreadsheet water
budget is shown in figures 1.C.2-2 to I.C.2-5. Daily
values of rainfall and pan evaporation were the inputs.

As can be seen from figures 1.C.2-2 to I.C.2-5, the
concept of permanent water is relative. The planner
must decide how many times in a period of years the
site can go dry and still meet the planned requirement
of permanent water. These figures of hydroperiod can
be used to establish if the site will meet the hydrology
needs of plant and animal support or control.

1.C.2-4 (WRE&M, January 2003)
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Figure 1.C.2-2 Direct precipitation, 12 inches maximum storage (outflow above 12 inches), and no contributing drainage
s area. Result is many periods will be dry, water is not permanent. To make water more permanent, increase
storage depth or add recharge area using diversions and other such structures.
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Figure I.C.2-3 Depth increased to 24 inches (outflow above 24 inches), no contributing drainage area. Result is water that is
meessss———— permanent in most years.

Depression water balance 0:1
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Figure 1.C.2-4 Depth 24 inches, contributing drainage area equal to surface area of wetland. Result is a permanent water
eeseeese—— surface, with minimal exceptions.

Depression water balance 1:1
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Figure I.C.2-5 Shows a site where storage depth is used to make up for contributing drainage area. The depth is increased

a0 48 inches (outflow above 48 inches).

Depression water balance 1:1
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Costing out micro/macrotopography

Because of the random and unique shapes and sizes
desired for the creation of micro/macrotopography in
the wetland restoration landscape, traditional methods
of payment are cumbersome and time-consuming. To
ensure that all parties are properly billed and paid for
the work performed, a method of payment must be
established agreeable to all parties.

The need for exact layout and checkout, with its
inherent costs, can be replaced with typical sections/
features that can be laid-out and checked-out simply
and quickly with minimal dimension checks, such as
average length, width, and depth.

Dikes: By minimum number of X-sections/segments
Features: Per item/unit based on size/area

Examples (costs are for example purposes only)

Sloughs:
1'x 30' x 100 $275 (each)
2'x 30'x 100 $550
2'x 30' x 1,000 $5,500
Borrow
1.C.2-6

Depression/pothole:
50' dia. 1' deep $180 (each)
50' dia. 2' deep $360

100' dia. 2' deep $1,400

Additional resource materials
NRCS Engineering Field Handbook:
e Chapter 13, Wetland Restoration, Enhancement,
or Creation
e Chapter 19, Hydrology Tools for Wetland Deter-
mination

Ducks Unlimited Wetlands Engineering
Manual:

http://130.74.184.149/Rodrigue/papers.html

References
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This document is intended to be used as a tool to assist in the planning of wetland restorations where the natural
topography of the site has been eliminated. The planner is encouraged to be creative when developing the
restoration plan. The concepts within can also be used whenever the development of macrotopographic features
are desired.

WHAT IS MACROTOPOGRAPHY? ‘

Background Undisturbed wetland systems in Indiana typically consist of complexes that contain a diversity of
topographic relief from extremely shallow areas with minor ridges (microtopography) to deeper wetland habitats
that include some upland characteristics (macrotopography). When wetlands are drained or altered, they normally
lose most of their micro and macro topographic relief through land leveling or other agricultural activities.

Macrotopographic features are wetland “ridge and
swale” complexes whose basins are depressional in
landscape position and occur on terraces and in
floodplains. The basin areas are normally from 0.1
acre to 5 acres in size with depths running from 0-
30 inches, depending on the landscape position.
These types of wetlands can be found in a multitude
of shapes ranging from simple circular basins, to
complex amoeba-like outlines, to meandering
scours. Ridges (linear) and mounds (circular or y
elliptical) make up the “upland” component of s ' : s
macrotopographic features that normally do not exceed 30" in height. Together, the ridge and swale features form
ephemeral wetlands that hold water from only a few weeks to several months during the year.

Microtopographic features are normally thought of as those shallow depressions with less than 6 inches of depth
between the swales and ridges. Examples of microtopography can be seen in flat fields where shallow “sheet”
water stands for short durations after a rain. Within the scope of this document, macrotopography will be
assumed to include microtopographic features.

WHY IS THE DEVELOPMENT OF MACROTOPOGRAPHY IMPORTANT?

The development of macrotopographic complexity creates a diversity of water regimes (hydroperiods) which can
increase water quality, provide flood storage, and enhance the development of a more diverse vegetative
community. This results in greater overall wildlife benefits through the development of a variety of habitats. The
dispersal, germination, and establishment of plant species, and the life cycles of many amphibians, reptiles, and
other wildlife species are dependent on variations in the timing, depth, and duration of flooding.

Food In the spring, shallow, ephemeral wetlands warm up before larger, deeper
bodies of water, and provide important seasonal forage for shorebirds, waterfowl,
nonmigratory bird species, and other wildlife. These types of wetlands produce
significant amounts of protein-rich invertebrates including snails, worms, fairy shrimp,
midge larvae, spiders, backswimmers, diving beetles, dragonflies, and damselflies.
Organic (woody and herbaceous) debris, roots, leaves, and tubers from aquatic
vegetation are additional food sources and provide substrates for macroinvertebrates.

Pickerel Froa




Habitat Wetland restoration plans that include undulating landscape features create a diversity of habitat types.
Swales, oxbows, potholes and other macrotopographic basins provide varying hydroperiods from short-term
ponding to seasonal and semi-permanent water conditions. A wetland, or wetland complex, with multiple
hydroperiods can support a variety of habitat zones. Scrub-shrub, submergent, emergent, and floating-leaf
communities (e.g., duckweed) are examples of herbaceous aquatic habitats. A diverse wetland plant community
benefits numerous species of wildlife including many fur-bearing mammals, waterfowl, shorebirds, wading birds,
amphibians and reptiles. Because native plants provide the best overall habitat, are essentially self-sustaining, and
tend to be non-invasive, only native vegetation should be planted. Note that Conservation Practice Standard 657,
Wetland Restoration, has an extensive list of native wetland plant species.

Low-level mounds or ridges (maximum 30 inches) are considered to be a component of macrotopography, and
can greatly increase the biological diversity of restoration sites when combined with basins. Amphibians, for
example, tend to have small home ranges. Thus, having a diversity of wetland types in close proximity to
terrestrial habitats within the project area will support the greatest populations.

PLANNING

When developing macrotopographic features, the planner should determine the target species (i.e. species of
concern) and review historical aerial photography to determine the appropriate features to include in the
restoration project.

Amphibians and Reptiles A primary focus of macrotopography
development is the creation of habitat for frogs, toads, salamanders,
newts, turtles, and snakes. These amphibians and reptiles are known as
herpetofauna or commonly called “herps”.  Amphibians are an
especially diverse group and require wetlands with differing
hydroperiods and habitat types. Because macrotopographic basins are
often completely dry by summer or early fall, they are normally free of
fish. Occasionally pools do retain water year round, but due to warm
water conditions that create low oxygen levels, they still do not support
fish populations. This is important because fish are primary predators
of larval, tadpole, and adult amphibians. In general, sites flooded for

Tiaer Salamander
longer periods will have more predators of amphibians.

The timing and duration of flooding are important factors that dictate which amphibians will use a particular
wetland. Amphibian species are extremely variable in their habitat requirements. Most breeding occurs from
May through August, with eggs hatching anywhere from 4 to 20 days later. Complete metamorphosis may take
an additional 7 weeks to 3 months. Some species may need as much as a year to develop, with a few species even
over-wintering as tadpoles, requiring permanent water. Table 1 (modified from Knutson et. al.) is an example of
the diversity in preferred breeding periods and guild associations, for a study in an lowa and Wisconsin.

Table 1*
Breeding® Nonbreeding® Hibernation*
Common name Scientific name Breeding period | Perm. | Temp. Water | Forest/ | Open | Water | Forest/ | Ground
water | water litter litter
Wood frog Rana sylvatica Mar.-Apr. N Y N Y N N Y N
Chorus frog Pseudacris triseriata Mar.-May N Y N Y Y N Y N
Spring peeper Pseudacris crucifer Mar.-Summer N Y N Y N N Y N
N. leopard frog Rana pipiens Apr.-June Y Y Y N Y Y N N
Pickerel frog Rana palustris Apr.-mid June Y N Y Y Y Y N N
American toad Bufo americanus Apr.-June Y Y N Y Y N Y N
Eastern gray treefrog | Hyla versicolor May-Aug. Y Y N Y N N Y N
Cope’s gray treefrog Hyla chrysoscelis May-Aug. Y Y N Y Y N Y N
Cricket frog Acris crepitans May Y N Y N N N Y N
Green frog Rana clamitans Mid May-July Y N Y N N Y N N
Bullfrog Rana catesbeiana May-July Y N Y N N Y N N
Fowler’s toad Bufo woodhousii Mar.-Aug. N Y N N Y N N Y

1 Species that can successfully survive or reproduce in a habitat during the identified life-history phase are identified with a Y; those that do not with an N.
2Will breed in permanent water or temporary (ephemeral) ponds.

% Active, nonbreeding portion of the year is spent in the water or along the water edges, in trees or forest litter, or in open, nonforested habitats (grasslands).
*Hibernation or estivation period is spent in or near water, in forest litter, or underground.
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In Indiana, the species that metamorphose their life cycle by early summer are the ones we need to target.
Therefore, macrotopographic basins should be designed to keep water available until at least mid-July.
Note that the process of a wetland drying out is beneficial. It eliminates insect and vertebrate predators, allows
seeds to germinate, and exposes detritus to processes of oxidation thereby releasing nutrients.

When planning a site for amphibian and reptile habitat, macrotopographic features should make up approximately
30-50% of the area. The water (swale, meander, etc.) and the upland habitat (mound) acreage are combined to get
the percent of macrotopographic features. It can be assumed that for every acre of water created, an additional
acre of mound is created. Table 2 can be used to record the planned macrotopographic features.

Table 2
. . : . Basin . ;
Field Field Size Basin Macrotopography Associated Habitat Mounds
Amount S :
Number (acres) Number (acres) Description (height(#))

Where restoration sites have a designed water level, such as those with levees and control structures,
approximatey 30% of the area should have macrotopographic features. Consider concentrating macrotopographic
features in and near the more shallow water reaches.

Where restoration sites do NOT have a designed water level, such as in floodplains where high stream flows
would destroy levees and control structures, approximatey 50% of the area should have macrotopographic
features. Note that in these landscapes, the macrotopographic basins may provide the only standing water on the
restoration site. Consider concentrating the deeper macrotopographic features in the lower elevations of the site,
and shallower features in the higher elevations.

Shorebirds Shallow, ephemeral wetlands provide an abundance
of aquatic invertebrates that are a critical food source for
shorebirds during migration. Most shorebird species will utilize
wetland habitats with water depths from 0-3 inches, and will
rarely forage in water depths greater than 6 inches. Maximizing
areas which provide conditions from mudflats through 3 inches
deep during spring and late summer will provide the greatest
benefits for migratory shorebirds.

Waterfowl These same shallow basins provide important
invertebrate forage for waterfowl, particularly during spring
migration when nutrient needs prior to nesting are high. In
addition, several species of dabbling ducks (e.g. mallards and
blue-winged teal) will utilize temporary wetlands for pair bonding and mating. Although these temporary
ponds may not have water long enough to provide brood habitat in most years, they serve an important function in
distributing pairs across the landscape and allowing for courtship rituals. Visually isolating basins, or portions of
basins, through irregular shaping will particularly benefit species such as mallards which are more territorial.
When combined with semi-permanent basins in close proximity, macrotopographic basins contribute to excellent
wetland complexes for water fowl breeding.

Soils It is important for the planner to identify those portions of the restoration site which have hydric soils or
soils that will most likely respond to macrotopographic development. Look for soils that have low permeability, a
restrictive under-lying layer, or high water tables.

Sites which have soils that are hydric due only to flooding may not be appropriate if the soils are well drained and
are not very frequently flooded. In these cases, it may not justify the expense of creating macrotopography and
the planner should consider only vegetative restoration measures. If it is unclear whether or not there is sufficient
hydrology to maintain the needed water levels within the basin areas, a water budget should be calculated.
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Succession_and _Long-term Management Succession of wetlands is a natural process that can result in
significant habitat changes over time. Primary changes include, for example, the development of aquatic
macrophytes, invasion of wetlands by trees and shrubs, and canopy closure over wetlands embedded in forested
landscapes. Such changes can alter the species composition of wetlands over time by selecting for species that
favor or can tolerate later successional stages. Early successional species will consequently be lost, thereby
lowering diversity, and can only be restored by periodically reversing succession. Plans to periodically (e.g.
every 10-20 years) reverse the effects of succession in some portion of all wetlands (e.g. 5-10% of the total
number per year) are important to consider. Natural processes that can reverse succession vary among regions
and should mimic local regimes but may include flooding, drying, and burning. Human disturbance regimes such
as mowing, timber harvest, draw-downs, or even herbicides may be considered, but only with extreme caution
because of possible negative indirect effects.

MACROTOPOGRAHIC BASINS

The macrotopograhic basins are described in abbreviated format as: shape/size/depth.
Where:

1) the shape is described below

2) thesizeisinacres

3) the depth is in feet

For example, a macrotopograhic basin described as Oxbow/1.5/0.5-1.0-2.0:
1) has shape #2 below,
2) isl.5acresinsize, and
3) is composed of 3 depths (0.5’, 1.0’ and 2.0)

BASIN SHAPE DESCRIPTIONS

Basins should be irregular in shape. Irregular shapes increase edge and provide additional cover for waterfowl
and other wildlife utilizing the site.

1) Shape: Oval
Description: Generally circular
2) Shape: Oxbow
Description: Kidney shaped with 2 lobes
3) Shape: Amoeba
Description: Multiple lobes with random shape,

high perimeter to surface area ratio

4) Shape: Meander
Description: Mimics an abandoned stream channel
meander




DEPTH DESCRIPTIONS

AERIAL VIEW CROSS SECTION

+ the basin is primarily 1 depth

When 1 depth is indicated: \< }

When 2 depths are indicated: ;
+ each depth composes approximately |
50% of the area :

When 3 depths are indicated: R
the depths compose approximately:

+ deepestdepth  =20% of the area | . .
« middle depth = 30% of the area ity ! p
- shallowest depth = 50% of the area - L

HABITAT MOUNDS

Fill excavated from the macro-topograhic basins can be used to create multiple upland habitat conditions based on
the height, shape, and location of habitat mounds. Variations in habitat mound design can provide escape areas,
denning sites, nesting opportunities, and plant diversity, as well as providing visual breaks within the wetland
complex. All side slopes for mounds should have a minimum slope of 6:1, but should be as flat as is feasible.
Note: In situations where geese are a nuisance, at least 30 feet should exist between the habitat mound and any
water surface. This area should then be planted with a vegetative barrier such as warm season grasses, trees or
shrubs.

Where restoration sites have a designed water level, habitat mounds should vary in elevation from above to
below the expected normal waterline. Approxmately 1/3 of the mounds should be 6 inches to 1.0 foot below the
normal water elevation, 1/3 should be 6 inches to 1.0 foot above, and 1/3 should be at the normal water elevation.

Where restoration sites do not have a designed water level, habitat mounds primarily provide upland habitat
and tend to direct water flow during flood conditions. Approximately 50% of the mounds should be 6 inches to
1.0 foot above average ground level, and 50% should be 1.0 to 2.0 foot above the normal ground elevation.
Mounds should mimic the natural landscape as much as possible. For example, if the site is located on the
interior of a river oxbow, ridge and swale design may be appropriate (see figures 2 and 3). When possible, place
mounds in such a way as to increase meander distance by directing water flow in a path that meanders across the
unit.

MOUNDS




ADDITIONAL MODIFICATIONS

Ditches of varying depths and widths can connect basins Connecting ditches
to diversify a site. They provide additional cover for
waterfowl as well as escape routes away from predators.
Connection ditches may have 3:1 (or flatter) side slopes.
In some cases, they can also be used for boat access to
the site for hunting and recreational viewing, or to limit
vehicular traffic of the site. See Figure 4.

Note: In situations where amphibians are the primary
species of concern, connecting ditches should be limited
because they provide access routes for predatory fish,
particularly if connected to deeper, more permanent
pools.

Figure 4
Land Slope >
" \ On gently sloping sites, an efficient means of providing shallow,
‘ “sheet” water habitat is through the creation of linear habitat

mounds. The excavated material from a macrotopographic basin
is used to form a low, meandering ridge on the down slope side
of the basin(s). Typical heights for the mound range from 1 to 2
feet. By using the spoil in a creative manner, the total shallow
water on a project site can be substancially increased. The
impounded sheet water provides seasonal or ephemeral water for
shallow feeders such as shorebirds, while the excavated basins
provide longer hydroperiod wetland habitats. This method can
also be utilized where wetland meadow conditions are desired.
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CONSTRUCTION

Creative Borrowing Borrow areas for dikes or embankments can be incorporated into the development of
macrotopographic features. Potholes, swales, meanders, and other shallow water habitats can serve as borrow
areas for needed fill. All side slopes for basins should have a minimum slope of 6:1. Note that, when feasible,
slopes should be as flat as possible. Slopes exceeding 20:1 are not considered excessive for habitat purposes.
Examples of this include situations where equipment operators randomly fill their scrapers leaving shallow,
single-trip borrow sites. Note that the borrow areas will result in the basins being the deepest portions of the
wetland complex. In seasonal or ephemeral wetlands these areas provide a diversity of hydroperiods by holding
water later into the year than the remainder of the wetland.

Rough-finish Grading The desired macrotopographic
features will have rough surfaces on all side slopes and top, )
an undulating bottom, and a ragged shoreline. - e s L

Woody Debris
«  Provides sunning and resting areas for herptiles

+  Provides loafing sites for waterfowl

« Is asource for organic soil material

- Provides additional vertical and horizontal habitat
« Is an excellent substrate for invertebrates

Depending on water velocities the debris may or may not
have to be partially buried. Use as needed.




ASSOCIATED TECHNICAL STANDARDS

This technical note can be used in association with the following technical standards:
« 657 Wetland Restoration
- 658 Wetland Creation
+ 659 Wetland Enhancement
+ 644 Wetland Wildlife Habitat Management
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Wetland Restoration, Enhancement,
and Management

Section I Wetland Restoration and
Enhancement Techniques
Part D Restoring Vegetation

I.D.1 Restoring vegetation
by natural and artificial
means: an overview of
considerations

(Norman Melvin, NRCS Wetland Science Institute.
Laurel, Maryland, December 2001)

Purpose

This paper provides guidance on the initial steps in
determining a revegetation strategy for a potential
wetland restoration or enhancement project. It has
decision sequence keys for use in determining whether
a site can successfully revegetate through natural
recourses (natural succession) or whether some level
of vegetation introduction (active revegetation) will be
necessary to meet the planned functions and objec-
tives. Basic terminology used in revegetation is de-
fined.

Contents

Vegetation directly affects the presence of wildlife,
both in their overall species richness and population
densities. Vegetation provides the basis for food chain
support for wildlife and determines the overall com-
munity structure. The NRCS technical standards for
Wetland Restoration (657) and Wetland Enhancement
(659) both identify the establishment of vegetation on
site as a condition of overall project success. The
presence of a minimum plant species diversity, expec-
tations of percent vegetative cover, and a timeframe
for the establishment of the diversity and cover are
included as part of these standards. Generally, these
three criteria (diversity, cover, and time) are used as
vegetative success measures in a project.

To the restorationist, vegetation decisions drive both
cost and success. The decision to apply some forms of
active revegetation (planting) increases project costs.
Not applying vegetation may result in failing to meet
the success criteria or the establishment of targeted
functions. If it can be determined that directly estab-
lishing vegetation by planting or seeding can be mini-
mized, while at the same time being relatively sure

success criteria and targeted functions will be estab-
lished, then project cost can be saved or redirected.
When confronted with the final decision (to plant or
not to plant), it is important that the choice is made
based on factors that influence the ability of vegeta-
tion to produce the desired outcome over the expected
timeframe. The following information is provided to
assist in that critical, final decision.

Definitions

Natural regeneration—Allowing a site to revegetate
on its own through the natural process of plant succes-
sion. Plant sources colonizing the site are derived from
propagules present in the soil seed bank and/or dis-
persed by wind, animals, water, or other natural means
of delivering plant materials onto the site in forms that
are capable of surviving and establishing.

Active revegetation—Establishing vegetation by
physically placing seed, seedlings, cuttings, or other
propagules onto a site. This includes a wide variety of
activities. It ranges from (1) covering the entire site
with seed or propagules of selected species, to (2)
establishing only the dominant species (or species that
are integral components of the community, but are
unlikely to disperse onto the site) and relying on
natural regeneration processes to augment the remain-
ing species diversity, or (3) adding as few as one
species to enhance a specific wetland function.

Propagule—Any of a variety of plant parts that are
capable of establishing a new individual. Some com-
mon examples of propagules that are used in wetland
restoration and enhancement activities include seeds,
cuttings, bulbs, whips, and runners.

Seed bank—Viable seeds and/or other propagules
present in the soil/sediment occurring on site, or in
materials transported to a site, and are capable of
establishing a new individual. Fleshy propagules
(bulbs, rhizomes, runners) and seed from some spe-
cies (e.g., some oaks) have a limited longevity (1 year
or less). The seed of some weed species may remain
viable for many years if buried in the sediment. Modi-
fying a site’s soil condition by continued cultivation or
altering its hydrology depletes a seed bank in a rela-
tively few number of years. Excavation of a site to
deepen a basin will remove the seed bank.
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Seed wall—The standing vegetation (usually consid-
ered woody/timber) immediately adjacent to a site. In
wetland restoration methodology, it is generally con-
sidered to be the source of seeds/propagules for reveg-
etating portions of the restoration site, assuming the
species are acceptable to the project objectives and
have hydrology tolerances compatible with site condi-
tions.

Decision sequence keys

Two dichotomous keys are shown as exhibits at the
end of part I.D.1-1. The first key aids in determining
the degree of planting/natural regeneration needed for
restorations or enhancements where woody vegeta-
tion is targeted. The second considers the establish-
ment of herbaceous vegetation on wetlands. On sites
planned to include areas of both woody and herba-
ceous vegetation, consult both keys. The keys are set
up similar to those identifying plants or animals. They
are composed of a series of couplets (paired, contrast-
ing statements). Beginning with the two number 1’s,
read both statements and choose the one that best fits
the conditions present on the restoration/enhancement
site slated for action. When that choice has been
made, follow the go to directions. That will result in
either a number or a letter. If the result is a number, go
to the couplet prefaced with that number and repeat
the process of reading the couplet and deciding which
of the two best-fit site conditions. The end result of
keying will be a letter (A, B, or C) that corresponds to
a recommendation on how to approach revegetation.
Based upon the restoration site conditions, the recom-
mendations will be to rely on natural colonization as a
means of revegetation on (A) the entire site, (B) none
of the site, or (C) portions of the site.

Decision sequence keys—recommendations
The recommendation that was derived from working
through these keys is the first step towards the plan-
ning of revegetation strategies to meet the project’s
goals and success criteria. The recommendation is
based on the site’s condition, taking into account a
particular vegetation goal (diversity, cover, time).
Should any of these parameters change, the recom-
mendation would also probably change.

Natural colonization may be recommended for the
entire site. In all cases where natural regeneration (all
or in part) is to be applied, a realistic seed/propagule

source must be present and have a realistic chance of

establishing the vegetation on site. If so, the natural

processes of dispersal, seedbank recruitment, and/or

existing vegetation should provide sufficient

propagules to successfully meet the revegetation

goals. However, there are no guarantees. For example,

¢ An unexpected dispersal of noxious/invasive

species occurs before the planned vegetation
becomes established.

e An expected event does not occur on schedule.

e A flood or flow connection with an adjacent
wetland that is intended to be the propagule
donor source does not occur.

e The planned hydrology may not be realized
during the establishment year and the intended
vegetation does not establish.

¢ An unexpected rodent population infests the site.

There will always be the "what ifs," but problems that
may occur need to be identified and incorporated into
the monitoring and maintenance plan for the site.

Natural regeneration is not recommended for the
site. When the keys lead to this recommendation,
successful establishment by relying on natural re-
courses is doubtful based upon the project goals,
objectives, or established success criteria. The planner
has the responsibility to evaluate the recommendation
on the basis of the intended project goals and expecta-
tions. Many methods of establishing vegetation by
active means have been developed, and the planner
should consider these alternatives.

Natural regeneration should occur within a specified
linear distance. This recommendation limits the
reliance on natural colonization to within a set linear
distance from a propagule source that is expected to
populate the site. These limits are based upon average
dispersal abilities for woody and herbaceous vegeta-
tion and are provided as a general recommendation.
These measures may be modified if the targeted veg-
etation has dispersal ranges outside the average.

The characteristics of each species that is intended to
revegetate the site need to be evaluated as to its
propagule dispersal pattern and longevity (live expect-
ancy). Red maple (Acer rubrum) can be used as the
first example. It is a wind dispersed, soft mast, woody
plant. In the Southeast it sets seed and disperses in
spring (April — May). The seed cannot withstand drying
and must germinate within a few weeks of dispersal to
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survive. When relying on red maple to colonize a site,
the site must be downwind of the seed source and be
ready to receive the seed in spring when the seed load
is dispersed.

Oaks (Quercus sp.) can serve as a different example.
Most oak acorns are dispersed in the fall and have a
longevity of 1 to 3 years depending on the species.
Most oaks have no special adaptation for dispersal and
cannot be expected to colonize areas beyond a few
feet from the parent tree unless carried and planted by
forgetful squirrels. However, overcup oak (Quercus
lyrata) acorns float and are dispersed greater
distances that most other oak species. To expect

colonization by overcup, the site must be ready to
receive the acorns in fall through winter and flooding
from the parent source must occur.

An additional example is cottonwood (Populus
deltoides). This species is wind dispersed in March to
April and can travel distances much greater than the
recommended distance for this category of no more
than 100 meters. (Note: cottonwood seed remains
viable for only 24 hours after the seed is shed). The
"cottony" hairs on the seed that aid in wind dispersal
also help the seed float. If cottonwood is not a target
species and the site receives floodwater containing
cottonwood seed, it will establish.

Wooded Wetland Decision Key

Natural Regeneration versus Active Revegetation

1. Hydrology and soil condition marginally altered onsite or significantly altered for less than 5 years......... goto 2
1. Hydrology and soil condition significantly altered onsite for more than 5 years .........c.ccccocvevveenvernieennennee. goto B
2. Propagules of desired species already exist onsite in adequate densities ..........ccccocevveevveveeieriesceennenne. goto A

2. Propagules do not exist onsite or do not occur in adequate densities

w

Desirable species occur onsite .............ccccuveeen.eee.
3. Desirable species do not occur onsite

4. Cover of plants is adequate to meet Project ODJECTIVES ........covueevriiiiiieeieeiee ettt eeve e
4. Cover of plants is inadequate to meet Project ODJECTIVES.......c..ccvvieiriiiiieeie ettt

5. Restoration site is adjacent to a surrounding seed wall

5. Restoration site is not adjacent to a surrounding seed Wall ............cccoovieriiiiiiiniiiniinniereee e

6. Seed wall contains desirable species with hydrology tolerances similar to planned site

CONAITIONS ...vvvviieiieciiiee e

6. Seed wall does not contain desirable species, or the species do not have hydrology tolerances

similar to planned site conditions ............ccc...........

A. Natural regeneration may be recommended for the entire site.

=

Natural regeneration is not recommended for the site. Consider other methods to revegetate the site.

C. Natural regeneration should be no greater than 100 meters (about 300 ft) from the surrounding seed wall.
Beyond this limit, consider other methods to revegetate the site.
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Herbaceous Wetlands Decision Key

Natural Regeneration versus Active Revegetation

1. Vegetation already eXiStS OIL SIEE ........cceiiririiriiriirieieieetceet ettt sttt s sb e s sae s goto 2
1. Vegetation d0Oes NOt XISt ONL SIEE .....c.eoiiiiiiiiiiieicieeeee et sttt sttt s sb e sae e enes goto4d
2. Desirable SPeCIes OCCUL O SIEE .....c.cocueiiiiiiiiiiieteeeeteetee ettt goto3
2. Desirable species d0 NOt OCCUT OIN SILE ........ccueruiriiriiriirienieieieteiet ettt goto4
3. Species diversity and cover is adequate to meet project ObjeCtives .........cceveeieiiriirieiinieeee e goto A
3. Species diversity and cover is not adequate to meet project objectives ..........cccceeveeririiineniieneeieneeeeee goto4d
4. Site downstream, adjacent to, or near existing Wetland .............cccceeierieiinieriniee e gotoh
4. Site not downstream, adjacent to, or near existing wetland.............coccovveeviiiiniiiinene e, goto6
5. Adjacent wetland contains desirable species with hydrology tolerances similar to planned
SIEE COMMAILIONIS ...ttt ettt ettt ettt ettt e b et et ea b e bt se et b e e e e s enneneen goto C
5. Adjacent wetland does not contain desirable species, or contains species with hydrology
tolerances different from planned site CONAITIONS ........cccoveviiiiiiiiiiiiriiiirreeee et e goto 6
6. Wetland effectively drained less than 20 FEars ..........cccceeeriieriiiieriiierieeseee et goto 7
6. Wetland effectively drained more than 20 Jears ..........ccccceevirierinierieeeeert et gotoB
7. Seed bank contains desirable species with hydrology tolerances similar to planned site conditions......... goto8
7. Seed bank does not contain desirable species or contains species with hydrology tolerances
different from planned CONAITIONS ......cc.coerieriiriiriiriiiiicet ettt ettt s sa et gotoB
8. Density of seeds is adequate to meet Project ObJECTIVES ........ccoeeviirieriieiiinieeeeeee e goto A
8. Density of seeds is inadequate to meet project ODJECLIVES ........cccevieririiiriieiirieeee e gotoB
A. Natural regeneration may be recommended for the entire site.
B. Natural regeneration not recommended for site. Consider other methods to revegetate the site.
C. Limit natural regeneration to areas within 0.5 mile of emergent wetlands. Beyond this limit, consider other

methods to revegetate the site.
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I.D.2 Active revegetation—
utilizing donor sources

(Norman Melvin, NRCS Wetland Science Institute,
Laurel, Maryland, and John T. DeFazio, NRCS, New
Albany, Mississippi, December 2001)

Purpose

This paper introduces several techniques that can be
used for actively revegetating all or portions of a
wetland restoration or enhancement site with materi-
als derived from donor sites. These techniques rely on
the use of donor wetlands as sources of plant materi-
als and soil rich in seed and fleshy propagules. The
processes of collecting and extracting donor materials
and the introduction of these materials onto recipient
wetlands to serve as the basis of revegetation are
described. Topics include:

e Utilizing topsoils with propagules (mulching and

inoculating),
¢ Using wetland sod mats and plugging donor soil,
e Making and using wetland hay.

Technical specifications on these techniques are
included.

Contents

The restoration of vegetation is of critical concern
when restoring or enhancing wetlands. Vegetation is
the basis of food web support. It determines animal
species diversity and abundance and is a critical factor
in developing community structure. Depending on the
site’s conditions, in situ plant propagule sources,
planned functions, and desired species, a wetland
restoration or enhancement site may require some
level of active revegetation to become properly veg-
etated for its intended purposes. Relying exclusively
on recruitment from the propagule bank in the soil, or
on seed immigrating onto the site, may result in lim-
ited species diversity and a site favoring species that
are easily dispersed; i.e., noxious, invasive, and aggres-
sive plant species (Burke 1997). A variety of successful
methods has been developed that take advantage of
local propagule sources found on adjacent wetlands
and in their soils. Each method has applicability in

different situations. Benefits can be maximized and
success enhanced by combining some of these meth-
ods with others (Galatowitsch and van der Valk, 1994).

Definitions

Active revegetation—Establishing vegetation by
physically placing seed, seedlings, cuttings, or other
propagules onto a site. This includes a wide variety of
activities ranging from completely covering a site with
a suite of selected species to simply adding as few as
one species to enhance a specific wetland function.
Active revegetation often falls somewhere between
these two extremes. For example, a common revegeta-
tion strategy is to establish a few dominant species, or
species unlikely to disperse onto a site, while relying
on natural regeneration processes to augment the
remaining species diversity. Another example is apply-
ing plant materials to only the part of the site where
the likelihood of colonization from natural sources is
the most remote. In all cases, active revegetation
means that there is some degree of adding plant mate-
rials to establish vegetation on the site.

Propagules—Seeds, seedlings, or fleshy plant parts
(such as bulbs, rhizomes, cuttings, and pips) that are
capable of establishing and growing into an adult.
Depending upon the species, seed can stay viable in
the soil propagule bank for an extended time, while
fleshy propagules have a relatively short viability.

Propagule bank—Considered to be the viable seed,
seedlings, and fleshy propagules contained in a soil.
Various portions of the propagule bank (as defined
here) have been considered separately by authors as
seed bank, bud bank, seedling bank, and others de-
pending on the type of material considered (Leck et al.
1989). However, for the purposes of this paper,
propagule bank is inclusive of all types of plant
propagules occurring in or on the soil.

Propagule bank characteristics

Characteristics of the propagule bank are important to
consider when relying on propagules contained in a
soil as a means of active revegetation on a restoration
or enhancement site.
e Most seeds are found in the upper 2 inches of
soil (Leck et al. 1989).
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¢ Roots and fleshy propagules may extend down to
8 to10 inches (Galatowitsch and van der Valk
1994).

e As arule, the seeds from weedy species and
annuals have a longer longevity (life espectancy)
than seeds of perennials.

¢ Soil contains seed and propagules of many
different species, not only those actively growing
on the site. They can be upland, wetland, native,
alien, and invasive, regardless of the current
hydrology characteristics of the site.

e Recent patterns of site use greatly influence both
the quantity (numbers of a species) and composi-
tion (numbers of different species) of propagules
in the bank (Brown 1998). For example, tillage
depletes the seed of many species from a site
while enhancing the quantity of others. Drained
wetlands dominated by upland vegetation de-
velop a seed bank proportionally high in upland
(as compared to wetland) plant species.

e Dispersal of seeds from local sources predomi-
nate the seed concentration in the propagule
bank, but dispersal from distant sources occur
and may significantly affect the bank (Leck et al.
1989).

e Often the planned hydrology and the resultant
hydrology of a restoration/enhancement site are
not synonymous. The high diversity of species in
donor soils can help in the establishment of
vegetation on a newly restored site because
species tolerant to the actual hydrology will
respond (Burke 1997).

e Donor wetland soils contain organic material,
fungi, and micro-organisms that are not found on
many newly restored/enhanced sites. If the plant
propagule bank is composed of species not
suited to the site’s hydrology, the addition of
donor wetland soil is beneficial nonetheless
(Burke 1997).

Collecting and storing donor
topsoil

If the donor topsoil cannot be placed immediately into
the restoration or enhancement site, the topsoil will
need to be stockpiled. Stockpiling of wetland topsoil
and its associated materials has had varied success.
Because wetland topsoil contains the viable plant
parts and seeds, these propagules may deteriorate

from heat, freezing, aeration, desiccation, decomposi-
tion, or salt buildup during storage. Do not stockpile
soil during summer, it will compost and kill both seed
and fleshy propagules! However, be aware that
composting can occur at any time of year. To maxi-
mize the chances for successful restoration and mini-
mize composting impacts, stockpile soils in upland
areas for less than 4 weeks. Donor soils consisting
primarily of muck should be stored for no more than 2
weeks. Piles should be less than 3 by 3 feet (height/
width) to avoid heat build-up. Periodical wetting of
piles helps to cool the soil and prevents desiccation
and loss of the fleshy propagules. Covering stockpiled
soils with plastic sheeting may reduce drying and
contamination with windborne weed seeds, but it can
stimulate the heat buildup of composting resulting in
seed/propagule deterioration.

Mulching and inoculating with
donor topsoil

These techniques use the soil and plant propagule
bank in the soil as the source of materials for reveg-
etating a site. The source of soil and propagule bank
can be derived from the restoration site itself (pro-
vided it has adequate topsoil and propagule bank), but
is generally considered to be derived from other wet-
land sites. The level of intensity of adding the donor
soil (mulching is most intense, followed by inoculat-
ing) is dependent on the restoration strategy, intended
function or purpose, site characteristics, and budget. It
is best to remove donor topsoil and re-spread while
the plant materials are dormant (i.e., winter); other-
wise, considerable losses occur.

Mulching is spreading the site with donor wetland soil
up to 6 inches deep across the entire site or substantial
portions of the site. Work the soil as little as possible
to prevent mechanical damage to the seed and fleshy
material. Typically, the quantities of soil needed in
mulching are derived from a wetland site being im-
pacted. Otherwise, the removal of the needed quanti-
ties of topsoil has too great an impact on the donor
site.

Inoculating involves placing a thin layer of donor soil
over the site or some portions of the site to augment
the species diversity. Removal of small quantities of
soil from the donor site causes minimal impact (but
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may be regulated locally). This technique is not in-
tended to be the sole source of propagules for reveg-
etation. Topsoil from upland sites may be used as a
source of organic material and growing medium for
vegetation. It should not be considered a propagule
source for the wetland since the proportion of wetland
plant materials in the propagule bank will be minimal.

Exhibit I.D.2-1 gives the technical specifications for
mulching and inoculating with donor topsoil.

Sodmats and plugs of donor
topsoil

These techniques both use pieces of soil with intact
vegetation as a source of propagules introduced onto a
restoration or enhancement site. The use of sodmats
as a technique involves the removal of large sections
of intact vegetation and soil from the donor site with
almost immediate placement of the sodmat onto the
receiving site. This technique can be done during most
times of the year. It also leaves the plant roots and
fleshy propagules intact with little to no disturbance. It
does, however, destroy the donating site and is only
recommended when the donating wetland is being
impacted.

Using plugs of topsoil results in much less impact to
the donating site. This technique involves the removal
of small pieces of wetland soil, with its associated
vegetation and propagule bank, and placement of the
plug on the receiving site at a similar hydrology. Plug-
ging will only diversify the restoration/enhancement
site and is not intended to be the sole source of
propagules for revegetation. The remainder of the
vegetation will be derived from natural sources or by
other methods if active revegetation.

Exhibit I.D.2-2 gives the technical specifications for
sodmats and plugs.

Wetland hay

This technique involves the cutting of mature seed
heads from wetlands, drying, bailing, and spreading
the material on restored or enhanced sites. This tech-
nique allows for the targeting of specific species or a
suite of species depending on the time of year the hay
is collected. The seed from several wetlands and/or
seed collected several times over a growing season
from one wetland can be combined to increase species
diversity. The hay can be harvested and stored for
later use without losses as encountered by other
methods using topsoils or sods. The removal of seeds
from a wetland site for dispersal onto a restoration/
enhancement site somewhat mimics natural dispersal
methods and is less impacting on donor sites com-
pared to other methods that involve removing the
vegetation and soils. The removal of seed from a donor
site affects the propagule bank, but large-scale impact
can be avoided if the same sites are not used continu-
ally or the areas within a larger donor site are rotated
in successive years.

Exhibit I.D.2-3 gives the technical specifications for
wetland hay.
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Technical Specifications

Mulching and Inoculating With Donor Topseil

Techniques

Mulching involves the removal of topsoil from a donor site and spreading it over the surface of a restored or
enhanced wetland. Inoculating involves the removal of small amounts of topsoil from donor sites and spread-
ing the donated topsoil thinly onto one or more small areas within the restored/enhanced wetland.

Method of establishment Mulching Inoculating

Mulching

Use a front-end loader to scrape the top 8 to 10 inches of soil from the donor wetland. Transport the donor
soil to the project site by dump truck. Using a small bulldozer or scraper, spread the soil carefully over the
substrate with minimal handling, overturning, or trampling. Spread the donor soil no more than 6 inches thick
to prevent the seed and fleshy propagules from being buried too deeply. To ensure proper species placement,
the donated topsoil should be placed at the same hydrology zone from where it was removed.

Inoculating

Remove a few cubic feet of topsoil from the donor wetland. To minimize impact to the donor site, remove no
more than the top 2 inches of topsoil. To increase plant diversity on the receiving site, remove inoculating
topsoil from several different donor wetlands in the area. Remove and stockpile topsoil from each vegetative
zone separately. Re-spread the soil thinly (1 to 2 inches) on the receiving site at the same hydrology zone from
where it was donated. Since changing environmental conditions favor some species over others in a given
year, inoculations can be done over several years to maximize diversity. Caution—weeds and invasive vegeta-
tion may be a problem because the restoration/enhancement site will not be rapidly revegetated.

Timing

Mulching is best accomplished during late fall to early spring while the plants, seed, and fleshy propagules are
dormant. If seed and other propagules are immature (fall) or have initiated germination (spring), success is
greatly diminished.

Stockpiling

If donor soils cannot be spread immediately, stockpiled material is subject to composting. Stockpile in low
volume piles (3 ft x 3 ft height/width, or smaller) to prevent heat build-up. Stockpile donor soils for no more
than 4 weeks (2 weeks for muck soils). Periodical wetting of soil cools the pile and retards heat build-up. Do
not stockpile soils in the summer or periods of high temperature.
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Technical Specifications

Sodmats and Plugs

Techniques
Large pieces or small plugs of wetland substrate from a donor wetland are placed into the wetland being
restored or enhanced.

Method of establishment Sodmats Plugs

Collecting sodmats

A sodmat is a large, up to 8 foot square and 4 inches deep, piece of intact wetland soil and vegetation
removed from a donor wetland site. It is cut from the donor wetland with shovels and a front-end loader
modified with a sharp-edged steel plate that undercuts the sod for removal. The sodmat is loaded onto a
flatbed truck for transport to the recipient wetland. Best results are achieved if the soils are moist, but well
drained at the time of cutting. This reduces weight, helps the mat stay intact, and reduces "sticking" of the mat
as it is being transferred on and off the transfer plate.

Placing sodmats

The sod pieces are placed in matching hydrological conditions from where they came and fit back together
tightly in the same manner as sodding for a yard. Do not leave gaps between the sod mats. Invading weedy
species will colonize the gaps. Since relatively large areas of the donor wetlands are impacted, this method
should be used only as a salvage technique.

Collecting plugs

Plugs may be obtained using a coring device, such as a 4- to 6-inch diameter PVC pipe fitted with a handle,

or other devise that maintains the integrity of the soil and living vegetation in the plug as much as possible
(i.e., no soil augers). Remove enough soil in the plug to include plant roots of actively growing vegetation
(about 4 to 6 inches). Individual plants and the associated soil can also be collected with a shovel and bucket.
The weight of the plugs can quickly become a limiting factor. In addition, plugs may not remain intact during
digging and transfer if there is not enough clay or organic matter to hold the plug together.

Placing plugs
Plugs can be planted with the same coring device used in their removal. The plug is placed into a newly
formed hole and tamped well.

Timing
Sodmats and plugs from natural wetlands may be transplanted successfully at any time provided sufficient
moisture is available in the recipient wetland to allow for continued growth and root development.
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Technical Specifications

Wetland Hay

Technique

This technique involves cutting and collecting mature vegetative material from a natural wetland and spread-
ing the material on a restoration site. This technique has broad application and has been used successfully on
wetlands and upland prairie restoration sites. It is best suited to emergent wetlands.

Collecting

The mature vegetation is clipped from a wetland by tractor with a side-mounted sicklebar, by hand, or by
using another method to "lay the vegetation down" as opposed to chopping. This prevents shattering of the
seed heads and makes collecting easier. Bales of barley or wheat straw are opened, spread-out linearly, and
the wetland vegetation is spread onto the straw. Once dried, the straw and wetland vegetation is rebaled and
stored for future use. Record the hydrology zone from which the wetland vegetation was derived and attach
to the bale.

Method of spreading wetland hay onto receiving sites

After collection, spread the straw bales laced with wetland seed and vegetation onto the appropriate hydro-
logic zone of the restoration site. The straw and many wetland seeds will float and raft to the margins of the
wetland. To prevent rafting, crimp the straw into to soil. To enhance species diversity, apply wetland hay
from several marshes over a number of years.

Timing collection of donor sources

No exact season for clipping the donor wetland vegetation can be recommended. Because different species
grow and mature over the course of a growing season, it is best to determine the vegetation type and species
desired. Consult a botanical manual for the area if available (e.g., Michigan Flora); flowering and fruiting
dates are generally listed in the species description. Then select the time of maturation of those species.
Generally, late spring to mid summer clippings result in materials rich in sedges and rushes. Mid to late sum-
mer collections result in a high diversity of species. Late summer to fall clippings contain numerous compos-
ites and grasses. A secondary consideration for the time of clipping donor sites is the current site hydrology
and the cutting equipment. It may not be possible to mechanically clip vegetation on sites that are excessively
wet. The equipment will be detrimental to the donor wetland, and the clipped vegetation may fall into water
and be lost. Removal of vegetation from the same sites over several years will adversely affect the propagule
bank in the soil of the donor site. To prevent impact, rotate collection throughout the wetland or use multiple
wetlands as donors.

1LD.2-6 (WRE&M, January 2003)
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Purpose

This paper provides information on the types of herba-
ceous and woody wetland materials that can be used
for restoration and revegetation, how to obtain materi-
als (whether by collection, propagation, or purchase),
and how to store materials prior to use. Basic terms
are defined in the text, and a list of reference materials
for those interested in further reading is provided at
the end.

Contents

Plant materials for wetland revegetation can be ob-
tained in many ways. Each method has utility in some
instances, but may not be the best choice for other
projects. The process of choosing what plants will be
used, in what form, and how they will be obtained
should be thought out as far ahead of time as possible.
The following criteria can help you make these deci-
sions.

e Have a clear idea of the project goals and objec-
tives. They can be as basic as restoring woody or
herbaceous vegetation, or both, or as complex as
determining the wetland functions aimed for—
wildlife food and habitat, water quality improve-
ment, or soil stabilization.

e Know the hydrology onsite. Certain plants toler-
ate certain water levels, and various types of
plant materials can only be established under
particular hydrologic regimes. It makes no sense
to plant seeds of a moist soil sedge when there is
standing water in an area—the seeds will not
germinate, and even if they did, the plants would
not tolerate those conditions.

(WRE&M, January 2003)

e Know what other site factors are unique. Deter-
mine soil characteristics, if there is microtopo-
graphy that can be exploited, if the site is shaded
or full sun, and if there are animals like geese
and deer that are a problem?

Once the list of potential species for the site is made,
choose the appropriate plant form to use. Often, this
decision is based on project budget and material cost.
Seeds are usually less expensive to use than bareroot
and container plants, but bareroot and container
materials generally yield better (and more immediate)
plantings.

Part of this choice of appropriate plant form depends
on