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FOREWORD )

The manual fs a practical guide for the creation and restoration of wetlands.
It provides concepts, methods and general specifications to personnel of State
highway agencies for compensating unavoidable wetland losses arising from
highway projects. The manual contains information on mitigation and detailed
procedures, techniques, and specifications for wetland construction and
rehabilitation.

Research, development and implementation of environmental considerations are
included in the Federally Coordinated Program under Project 38, “Environmental
Management." o

The manual is the final product of an implementation project conducted by the
Federal Highway Administration to assist highway personnel in achieving policy
goals of Federal and State statutes and regulations pertaining to the Nat1on s
wetlands.,

Additional copies of the report can be obtained from the National Technical
Information Service, Springfield, Virginia 22161.

R. Js Betsold
Director, Office of Implementation

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the author who is responsible
for the facts and the accuracy of the data presented herein. The contents do
not necessarily reflect the policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein only because they are considered
essential to the object of this document.
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Preface

There is probably little of our
natural environment that has not
been altered. Restoring disturbed
natural areas, enhancing existing
ones, and creating- new ones to
replace those that have been lost
offer challenges and opportuni-
ties for productive and creative
work to those concerned with the
maintenance of our national
resources.

This manual for personnel of
state departments of transporta-
tion provides concepts, methods,
and general specifications for
compensating unavoidable wet-
land losses arising from transpor-
tation projects. It is a qualitative
and practical guide for wetland
establishment and enhancement.

The site-specific nature of
wetland compensation measures
precludes giving detailed instruc-
tions and specifications for the
establishment and enhancement
of wetlands. Depending upon the
qualifications of the in-house staff
of users of this manual, varying
amounts of outside consultation
may be required to develop the
final designs for wetland compen-
sation measures. At the min-
imum, it is hoped that this manual
will be useful in the development
of conceptual designs, so that
coordination with state and fed-
eral regulatory agencies can pro-
gress without outside consulta-
tion and that the requisite wetland
permits for transportation pro-
jects can be secured expeditiously.

P
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Although much work on the
establishment of wetlands has
been published within the past
decade (see Appendix B), the
state-of-the-art is still primitive.
Consequently, this manual is far
from the last word. It is a begin-
ning and a lot is left to the best
judgment of the users.

The section Target Perennial
Wetland Plants is the point that
the manual becomes more techni-
cal. Earlier sections are more con-
ceptual, and the use of graphics is
intended to make these sections
more readable for non-technical
personnel of state departments of
transportation. It is hoped that
the technical staff will benefit
from all sections of the manual.
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Salt marshes are found in protected bays
and throughout the lower reaches of their
tributaries. Tidal freshwater marshes often
are associated with the upper reaches of
these tributaries. Mangrove swamps occupy
tidal saltwaier areas of southern -Floride.
and Texas and occasionally swamps may
occupy tidal freshwaier river banks.
Swamps, bogs and non-tidal freshwater
i wepplgndy mostly are-foundndand, -




1.Introduction

1.1 Wetland
Definitions

The U.S. Department of the
Interior (DOI), Fish and Wildlife
Service, Classification of Wet-
lands and Deep-Water Habitats
of the United States (December,
1979) defines wetlands as lands
where water is the dominant fac-
tor determining the nature of soil
development and the types of
plant and animal communities
livinginthe soil and on its surface.
The definition of wetlands varies
in states having specific wetland
regulatory programs.

Wetlands also may be defined
as lands that are continually, sea-
sonally, or periodically sub-
merged and which support or can
support emergent, submergent, or
floating aquatic plants. Conse-
quently, many types of land can
be considered wetlands. Among
these are floodplain and pothole
areas. These areas may be dry
much of the year and support
upland plant species, as well as
wetland ones, and occasionally
may be cultivated.

Although wetland delineations
have been made and legislatively
approved in some states, federal
agencies make independent case-
by-case evaluations of wetland

boundaries and areas. Conse-
quently, state and federal wetland
delineations may not coincide.

1.2 Wetland
Types!

Wetland types are character-
ized by the vegetative communi-
ties associated with them. Five
broad types of wetlands exist
throughout the United States:
tidat marshes, non-tidal marshes,
swamps, bogs, and submerged
grasses. Marshes, swamps, and
submerged grasses may exist in
both freshwater and saltwater.
Generally, marshes are domi-
nated by soft-stemmed herba-
ceous (non-woody) vegetation,
while swamps are characterized
by a predominance of woody
plants. Bogs are found in poorly
drained inland depressions and
support acid-tolerant woody and
aquatic plants. Submerged
grasses often occupy tidal flats
and the shallows of lakes, bays,
and rivers.

1.3 Wetland
Functions
and Values

Wetlands are important fish
and wildlife habitats. They

directly and indirectly supply
food to a large array of animals
including microorganisms, inver-
tebrates, fish, birds, mammals,
and reptiles. Wetlands purify
water by filtering out suspended
matter and utilizing dissolved ni-
trogen and phosphorus for plant
growth and development. They
may provide flood control by

storing and detaining storm

water. Freshwater wetlands often
function as ground water
recharge areas. Wetlands also
control shore erosion in the more
sheltered regions of estuaries,
bays, and lakes.

Assigning monetary values to
wetland functions is impossible,
because no two wetlands function
identically, nor are they of equiv-
alent quality. However, proper
economic analyses of wetlands
on a site-specific level are possi-
ble, provided the necessary bio-
logical and physical information
are available. The problem is that
information generally is not avail-
able, nor is it easily acquired.

'For the purpose of this manual it is not neces-
sary to describe the new and detailed wetland
classification system that may be widely used
in the future, This system is discussed in Water
Spectrum (Spring, 1980, pp. 17-25) and de-
tailed in Classification of Wetlands and Deep-
Water Habitats of the United States (DOI,
December 1979).



2.Concepts
and
Considerations
for

Compensating

Unavoidable
Wetland
Losses - L

Dredged spoil disposal area that has limited
value for fish and wildlife. The site is near
Atlansic City; New Jersey. and was used as
the wetlands replacemen location 16 com-

Unavoidable losses of wetlands pensate wetlands lost during the construc-
. tion of an improved water trearment
can often be offset by appropriate Jacility.

compensation. There are no for-
mulas for compensation. Com-
pensation is largely subjective.
Even in the simplest case, where
all lost wetlands can be success-
fully restored to their original
condition after project construc-
tion, "adequate compensation is
not clear. In this instance, the
highway project is there, and a
successfully restored wetland
does not ensure that all the origi-
nal wetland functions and values
have been returned. Additionally,
a wetland that is restored was still
removed from the system during
the construction period, and its
functions and values were lost for

Wetland replacement location after prepar-
that time. ing the site for new wetlands.



2.1 Wetland
Replacement

2.1.1 Replacement Location.
The two principal criteria that
must be appled in the selection of
lands for conversion to wetlands
are:
® The land should have low

fish and wildlife resource

value in its present state.
¢ An adequate water supply

(river, stream, tidal source,

ground) should be available

for connection to ensure a

successful wetlands develop-

ment,

New wetlands 10 months after insiailation
of the wetland plant marerials.



The process of creating wetlands generally
involves altering existing habitats. It is
important that the wetlands created are of
greater value to fish and wildlife than the
habitats altered.

original
condition

Fingerdike wetland
yeplacement

Finger-like intrusions of wetlands into
upland areas may collect floating debris and
{fimit arganic export. The maintenance of
the existing natural shoreline configuration
may be a preferable design for wetland
replacement. .

proposed highway center line

/oosstb/e

best
replacernertt
location

Open water, upland islands
interspersed throughout wet-
lands and mature forested areas
are poor candidates for wetland
replacement locations unless
these areas are particularly
degraded in value. Locations that
would introduce finger-like intru-
sions into upland areas from
wetland ones are discouraged.
Such areas are collectors of debris
and litter and may have limited
potential for exporting organic
production unless they are
located in drainage areas that are
subject to periodic storm water
flows.

ortginal
shoreline



Lands that can expand the
existing natural shoreline config-
uration are preferred to ones that
will alter it. Areas in evidence of
natural sediment accretion (depo-
sition) are preferred to those
exhibiting scouring and erosion.
Inland and aquatic deep water
holes derived from dredging,
mining, or borrow operations,
may become or already are chemi-
cally and biologically degraded
and are potential wetland replace-
ment locations. Unvegetated
and/or disturbed shorelines are
important candidates for fringe
wetland replacement of small
areas, although breakwater pro-
tective structures may be required
for wetland stability.

Srabilizing unvegetated shores through
wetland establishment provides erosion con-
trol and a productive biological edge to
upland areas.

s

&
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Deep holes in aquatic habitats may be
environmentally degraded and may have
potential for wetland replacement areas.

T e



An unvegetared and eroding shore in
mid-Chesapeake Bay, M D.






Inactive dredged material dis-
posal sites of poor wildlife value
should be considered for wetland
replacement areas. The disposal
materials may be acceptable for
highway construction purposes
and the excavated area may qual-

ify as a suitable location for-

wetland replacement.

Borrow areas and surface
water control structures that may
be required for the highway pro-
ject have potential to be economi-
cally designed as acceptable
wetland replacement locations.
Such areas may be multifunc-
tional, providing highway storm
water management, scenic,
recreational, and fish and wildlife
functions.

Abandoned dredged material disposal areas
may qualify as acceptable wetland replace-
men! sites.

Borrow areas used for highway construction
may be designed for wetland replacement
locations.



The junction of two habitat
types often provides a zone (eco-
tone) with a more diverse biologi-
cal community than either habitat
taken alone (the edge effect). Con-
sequently, a wetland replacement
location that offers the opportun-
ity to develop the greatest linea!l
footage of new edge should be
explored.

Consideration of alternative
locations for wetland replacement
should be coordinated with the
regulatory consulting resource
agencies. Assistance from these
agencies should be encouraged.

2.1.2 Wetland Replacement
Type. The replaced wetland
should not necessarily be of the
same type as that which was lost.
Often providing a wetland type
that is different from that which
was lost may offer improvements
for fish and wildlife orforthe con-
trol of water quality, flooding,
and shore erosion. In considering
the type of wetland to be replaced
priority should be given to types

that:
® can be rapidly established

e render the most important
functions to fish and wildlife

® will not rapidly evolve into
uplands.

Creating the maximum lineal footage of
wetland edge is ecologically attractive.

new wetiand edges
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Wooded wetlands (swamps) can-
not be rapidly established
because trees require years to
mature. High elevation or inter-
mittently flooded wetlands have
little value to fish and are likely to
evolve into uplands. Conse-
quently, the best types of replace-
ment wetlands are intertidal and
low elevation marshes—wetlands
that are periodically inundated by
tides and ones that are perman-
ently flooded by shaliow water.
Plants typically associated with
these wetland types are emergent
and herbaceous,

Little information is available
on the establishment of bogs.
Submerged grass wetland types
qualify as priority wetland re-
placement types; however, their
successful establishment is more
sensitive to physical (turbidity
and temperature) parameters of

the water than are marsh (emer-

gent) wetland types. Considera-
tion might be given to the
long-term development of
swamps by initial establishment
of a marsh community followed
by the introduction of saplings of
desired woody plants. In time
these woody plants will dominate
the vegetative community by
shading the understory marsh.

IR

rmost desirable
!‘v.} l&?@ ) ,

Reguiarly or permanently flooded wetlands
have the greatest longevity and the greatest
values to fisheries and waiter quality control.

Swamps may be best established by the
initial development of a marsh to provide
rapid substrate stability and habitar values
to fish and wildlife. Saplings of the desired
woody swamp plants then may be
interspersed throughout.



upland

When wetland replacement
occurs in an area dominated by a
single or a few wetland species,
thought should be given to the
feasibility of creating a wetland

consisting of different wetland.
species. The introduced species

and the resulting habitat diversifi-
cation could lead to combined
wetland values and functions that
are greater than those offered by
the existing wetland.

The final selection of a wetland
replacement type should not be
made until the regulatory and
consulting resource agencies have
had an opportunity to review the
alternative types and to express
their opinions.

new wetland
of different type

Introducing new wetlands of a different type
than exists abow a wetland replacementi
{ocarion will provide diversification which
may benefit fish and wildlife.




temporarcly
destroyed wetland

restored
to different
wetiard type

Wetland resioration can be accomplished
with or without enhancement features. One
enhancement feature that might be consid-
ered is diversification—the replacement of
the wetland temporarily destroyed by a

different wetland iype than pre-existed and

than exists in the immediate area.

restored
to ori.go’nall
wetland fype

2.2 Wetland
Restoration

In order for the contractor to
perform the work, the construc-
tion of a highway in wetlands may
require temporary dredged chan-
nels, earthen causeways, staging
areas, and turn-around areas. The
construction of these work areas
may unavoidably disturb or de-
stroy wetlands. Restoration of
these areas to their original condi-
tion, following completion of the
highway project, should be part of
the mitigation plan.

When restoration is required,
consideration should be given to
replacing the wetland temporar-
ily lost with another wetland type -
that will lead to an enhancement
in functions of the wetland system
in the area or that will be of
greater value than the original
wetland in terms of operating
functions (see Wetland Replace-
ment Type).




View of a weiland area (Tuckerton, NJ) that
was previously destrayed by a construction
causeway. The conniguous wetlands are high
elevation salt marshes. The restoration
design lowered the final grade relative 1o the
pre-existing one 10 permit regular tidal
tnundation and to permir the esiablishmeni
of a tidal salr marsh (Spartina alternifiora).

This design provided improvements in
vegelative diversity, drainage of contiguous
wetlands (mosquito control). and habirar
values to fish and wildlife. Photograph was
taken iwo months after insiallation of the
wetland plant maerials.

View of the site 10 months after installation
of the wetland plant materials.
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2.2.1 Stockpiling Wetland
Materials for Restoration. Some
projects require dredging that
may destray or disturb wetlands.
For these projects and. for those
that may require filling in
wetlands, it is often questioned
whether the surface wetland
materials—those that contain the
bulk of the viable plant parts—
should be excavated, stockpiled,
and maintained for future use.
The objective of stockpiling is to
maintain viable plant materials
that can be used for resurfacing
the restoration area.

This approach to restoration
has had varied success. Contrac-
tor expertise, unavoidable con-
struction delays, and weather

Stockpiling excavated wetland materials on
contiguous wetlands may suffocate the
wetlands stockpiled upon. The stockpiled
wetland materials may lose their biological
viability upon storage or during the resur-
Jfacing and grading operations. Grading
excavated wetland materials 10 provide an
accepiable well-drained final grade is diffi-
cult to accomplish, -

conditions will affect the degree of
success. The stockpiled wetland
materials may deteriorate from
freezing, desiccation, decomposi-
tion, or salt buildup during stor-
age. Methods to avoid such
deterioration are not often avail-
able.

Stockpiling on wetlands may
lead to the suffocation and loss of
these wetlands. Accomplishing
the final grade using surface
wetland materials may not be pos-
sible. Plants are likely to be de-
stroyed during grading and
resurfaced areas may be left with
scattered peat hummocks
(mounds) and pockets of
impounded water. Such condi-
tions may prevent successful res-

toration of the wetland.

To maximize successful resto-
rations and to minimize addi-
tional wetland involvements,
stockpiling must be confined to
upland areas and contract specifi-
cations must limit stockpile dura-
tions to less than four weeks.



Discarding excavated wetland materials
minimizes the wetland area disturbed. Final
gracting and revegetation of clean inorganic
borrow materials are readily accomplished.

2.2.2 Discarding Wetland
Materials. There is another gen-
eral approach that has been used
ta restore wetland areas that have
been dredged for the construction
of a temporary causeway, staging
area, or turn-around area. This
approach uses nursery plant
materials for revegetation. All
dredged wetland materials are
discarded in an upland area, and
the revegetation operation occurs
on the clean inorganic borrow
materials that were used to con-
struct the temporary work area.

This approach provides a final
restoration area consisting of typ-
ical borrow materials (largely
sand and gravel). These sub-
strates generally impose no lim-

itations on successful wetland
establishment.

This approach is preferred to
the stockpiling procedure de-
scribed previously. Disturbance
of the wetland area is kept to a
minimum, because there is no
stockpiling of excavated mate-
rials on wetlands. There are no
time restrictions imposed on the
project by restoration require-
ments. Unpredictable project
delays and weather conditions
normally will not influence the
success of restoration. The resto-
ration areas can be easily brought
to final grade using conventional
equipment. This approach is also
less expensive than stockpiling.
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eroding wetland edge

2.2.3 Other Restoration Con-
siderations. If the wetland is
dredged to construct a temporary
work channel, either the dredged
materials or clean borrow mate-
rials may be used to backfill the
channel after its use and to return
the area to the prescribed grade
for restoration. -

In such instances, the dredged

materials should be stored on an
upland site. However, no effort
should be made to maintain the
viability of the surface wetland
materials. The suitability of these
dredged materials for use as back-
fill for the top foot of surface will
depend upon (1) their gradability
and (2) the extent of possible salt
buildup during storage (for salt
marsh wetlands). If the dredged
materials are unsuitable, clean
borrow materials may be used for
surfacing the restoration area.
Nursery plant materials are used
for revegetation.

If a stable temporary causeway,
staging area, or turn-around area
is constructed by first surfacing
the wetland with suitable filter
fabric (to distribute the load) fol-
lowed by adding the requisite bor-
rowed materials, the wetland
surface may be expected to com-
press {sink). The amount of com-
pression will depend upon the
final load and the softness of the

wetland.

In preparing such areas for res-
toration, all fill materials, includ-
ing the filter fabric, should be
removed. The borrow materials
then may be reused, as required,
to bring the area to the required
grade for restoration. Nursery
plant materials are used for
revegetation.

2.3 Enhancement

Enhancement is the improve-
ment of fish and wildlife resource
and social values within or
beyond the project’s right-of-way;
In order to be considered favora-
bly by the consulting resource
agencies, any enhancement pro-
posal must relate to fish and wild-
life. Additionally, in reviewing a
mitigation plan for a 404 permit,
the Corps of Engineers will accept
proposals for the enhancement of
social values.

Existing natural wetlands often
can be improved to make their
potential functions real func-
tions. The enhancement concept
offers highway department per-
sonnel an opportunity to innova-
tively incorporate improvements
to wetland environments in their
highway projects, when wetland
involvements are unavoidable.
Opportunities for enhancement

should be considered as an inte-
gral part of any wetland restora-
tion and replacement effort as
well as by itself.

Possibilities for wetland
enhancement will vary for each
wetland considered. No general
recipe for enhancement can be
provided, although some possible
considerations can be outlined.
Consultation with the state and
federal resource agencies regard-
ing possible enhancement alter-
natives is encouraged.

2.3.1 Erosion Control.
Wetlands often are found to be
unstable along the water’s edge.
Wind driven waves, boat wakes,
and tidal interaction may under-
cut and erode the peat banks of
unsloped wetland edges. Such
instability can be controlled by
constructing a low profile stone
(riprap) revetment along the face
of the peat bank. Such a revet-
ment provides a new environment
(an added edge effect) for algae,
barnacles, and microflora to live
in. Aquatic reptiles and fish may
utilize the interstices in the revet-
ment at times of high water.



2.3.2 Litter Corridor Ditching.
Wetlands that are contiguous to
upland areas collect litter and
debris throughout the zone
between normal high tide and
storm water tide. Particularly in
salt marsh wetlands {in freshwater
wetlands the aboveground vege-
tation decomposes more rapidly
and does not tend to collect), the
vegetation aboveground is natu-
rally harvested by the elements
during the fall and winter months
and washed landward. If tidal
creeks do not intercept this flow
of litter and export it to open
water, the litter deposits at the
water-land junction. Over time
this litter accumulates, smother-
ing the underlying vegetation
throughout this zone. Thiszone is
called the litter corridor. Occa-
sionally, an unusual storm will
wash the slowly decomposing lit-

Stabilized wetland edge

ter to yet higher elevations, leav-
ing the usual litter corridor as a
barren peat flat and creating a
new one. Litter corridors most
often are found along the upland-
wetland edge in salt marsh areas
that face the direction of the pre-
vailing winter winds.

The litter corridor often is part
of the transition zone between
wetland and upland. Qccasion-
ally, shrubs that are associated.
with this transition zone will
exclude the import of litter and
confine it to lower elevation
wetland areas. Although the litter
corridor may contain insects and
other invertebrates, its overall
biological productivity is low
compared with that of undis-
turbed wetlands.

Whether associated with mit-
igation for the construction of a
permanent highway embankment

Stabilizing eroding wetland edges by con-
structing low profile stone reverments may
be an enhancement option.

or as an enhancement proposal to
mitigate another type of highway
involvement of wetlands, con-
struction of litter corridor ditches
should be considered, particularly
in salt marsh areas. Such ditches
are to be constructed in the litter
corridor of an existing wetland or
the expected litter corridor of a
highway project and be connected
to open water. They should have
bottom elevations below Mean
Low Water for tidal areas. The
function of these ditches is to col-
lect the washed in litter and
export it and its decomposition
products to open water for utiliza-
tion by aquatic animals. The
slopes of the ditches additionally
will provide a valuable increase in
edge effect.



18

Litter corridors often exist in salt marsh
areas that abut upland and that face the
prevailing winter winds, These corridors are
biologically deprived.

Tidal ditches constructed within the litter
corridor colleci litter and export it and its
decomposition producis to open water.

Spring ¢
Storm
tides

[ow
tide



Degraded wetland areas can be restored.

2.3.3 Altering Degraded Areas.
Wetlands have been used as
dumping grounds, dredged spoil
disposal areas, recipients of toxic
point source discharges, and sites
of various expired developments.
Although these wetlands may
now be biologically degraded,
they can be restored to healthy
viable systems.

Such degraded wetlands within
and beyond the highway right-of-
way may be candidates for
enhancement measures. These
measures normally call for
removal of discarded debris,
removal of dredged materials to
achieve desired wetland eleva-
tions, removal of contaminated
sediments and replacement with
clean ones, and removal of aban-
doned structures and materials.
Foliowing such removal, barren
and disturbed areas can be revege-
tated. If the wetlands surrounding
the degraded one lacks vegetative
diversity, returning the degraded
wetland to a different vegetative
community might be a further
enhancement feature,

Before proposing to remove
dredged materials from a wetland
disposal site, the habitat value of
the spoil area to wildlife should be

reviewed. Even barren, dredged

material disposal areas are of
potential value to birds for nest-
ing and resting. They may also
offer refuge to wildlife during
storm water levels and add valua-
ble diversity to the wetland
habitat,

2.3.4 Diversification. Many
wetland types are vegetatively
monotypic. Whereas this condi-
tion is most common in salt
marshes, it is encountered also in
brackish and freshwater
wetlands. In saltwater areas the
condition is attributable to sub-
strate and interacting water salin-
ities and to surface elevations.
The origin of this condition in
freshwater areas is less certain,
but surface elevations, substrate
acidity, and antibiosis (one popu-
lation produces a substance
harmful to a competing popula-
tion) may be contributing factors.

A wetland of low vegetative

diversity has a low capacity to
support a diverse wildlife popula-
tion. Nevertheless, such a wetland
may possess high values in the
support of fisheries, in flood and
erosion control, in ground water
recharge, and in water quality
maintenance.
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Low elevation wetlands that
have a maximum interaction with
water have more wetland func-
tions and values than do high ele-
vation wetlands which only
occasionally interact with water.
If there is potential for wetland
diversification, the greatest
enhancement in wetland func-
tions and values will be realized
by converting existing wetlands to
lower elevation ones that are con-
nected to open water. This will
introduce improved water and

material exchange (export-
import) throughout he contigu-

ous unconverted wetlands. It will
provide increased edge and an
improved habitat for fish and
wildfowl. It will offer an im-
proved potential for water quality
control. Additionalily, the lower
wetland will have a greater lon-
gevity than the higher one.

2.3.5 Other Measures. Depend-
ing upon pre-construction site
conditions, other possibilities for
enhancement may exist. There
may be opportunities to increase
scenic, recreational, and educa-
tional uses of the area. Sedimen-
tation of the wetland from upland
sources may be reduced by con-
structing sediment traps at point
sources such as storm drains.
There may be opportunities for
storm water management. Mos-
quito contro! measures might be
considered. Such measures could
be part of a wetland diversifica-
tion design. Meanderizing (mak-
ing nonlinear) linear dredged
channels, constructing bird plat-
forms, or altering existing stream
beds (e.g., emplacement of
bolders and stone) for improved
fish habitat are additional possi-
bilities to consider,

b
G

diversification

Diversification of existing monotypic
wetlands 1o provide improved wetland func-
tions may be an accepiable erihancement
proposal.

This wetland, created in con-
function with the construction of
Rowute 395 in Modoc County,
California, provides an inter-
fem'on of open water and earth
nolls as nesiing areas of geese.
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3. Procedures
for Wetland

Establishment

Whether wetlands are to be re-
stored orreplaced, the procedures
for establishing wetlands are the
same. These procedures are typi-
cal of standard landscaping ones,
except that the final grade is much
more critical for wetland estab-
lishment. :

3.1 Site
Selection

Considerations and criteria for
selecting an appropriate site have
been previously discussed in Sec-
tion 2.1.2. No site needs to be
selected when only wetland resto-
ration is necessary. But when a
wetland replacement site is
required, the appropriate regula-
tory and consulting resource
agencies should be invited to par-
ticipate in its selection. Site selec-
tion should be conducted early in
the highway planning process.

3.2 Landscape
Architecture
and
Engineering
Designs

The single most important fac-
tor in wetland establishment is
creating the proper elevation. The
mean tidal or water elevations
during the growing season are
determined following selection of
the site and finalization of a com-
pensation plan. A topographic
and/or bathymetric (water bot-
tom) survey of the site and of any
wetlands associated with the site
is made and correlated with the
tide or water level datum pre-
viously determined. The vegeta-
tive composition of nearby
wetlands is correlated with their
topography. Water salinities, if

applicable, are determined. This
information will be useful in
designing final grades and asso-
ciated vegetative zones. Accurate
topographic and water level data
are critical for successful wetland
establishment.

Any necessary soil borings are
taken and analyzed, and required
hydrological and engineering stu-
dies are conducted. These latter
studies normally would be neces-
sary only for complex projects
requiring structures and water
management. A conceptual
landscape and engineering design
is developed and included in the
mitigation section of the environ-
mental document. This design
should reflect all of the compen-
sation and enhancement meas-
sures that are proposed for
mitigation.

After agency review, the final
design and specifications are



The most important factor in successful
wetland establishment is elevation. After the
selecrion of a wetland replacement location,
a thorough iopographic survey of the site
and of contiguous or nearby wetlands is
made. Fxisting wetlands that utilize the
same water source as the proposed new
wetland are useful bench marks for develop-
ing the landscape design and grading plan.

developed. An essential element
of the final design s a detailed site
grading plan. The plan may
require 6-inch elevation contours
throughout the areas to be vege-
tated, depending upon (1) the
plant species designated for
establishment and their respec-
tive sensitivities to water depths
and (2) the tidal or water level
range for the new wetland (the
lower this range, the more critical
the final grade). All channeliza-
tion requirements for water circu-
lation and for the import and
export of nutrients and particu-
late matter are included in this
plan as are any storm water man-
agement and sedimentation con-
trol requirements. Detailed plans
are developed for any contain-
ment, breakwater, erosion con-
trol, and water level control
structures that may be required,

Then specifications are devel-
oped for plant species, plant
materials, plant species distribu-
tion (vegetative zonation), plant-
ing (including time limitations),
fertilization, water level control,
and site maintenance.

new wetlands

The landscape architecture and
engineering design requirements
for wetland restoration are less

complex than for wetland re-

placement. The site grading plan
should conform to the pre-
existing topography of the site.
The vegetation to be established
should be the same as the pre-
existing vegetation. Water level
data is not required, and normally
there are no structures to design.
When some enhancement mea-
sure, alone orincluded with resto-
ration, requires elevations that
differ from the pre-existing ones,
more detailed landscape architec-
ture and engineering designs will
be required.

3.2.1 Outside Consultation
Requirements. The need to retain
outside consultation for assist-
ance with site selection and with
landscape architecture design will
depend upon the complexity of

the wetland establishment project.

and the existing in-house exper-
tise. One purpose of this manualis
to reduce such need and to
provide some in-house capability
to move ahead, at least at thecon-

Survey team using excsting
wetlands a5 biological
benchmarks for new wetlands.

ceptual level.

3.2.2 Contract Considerations.
When feasible, it is most desirable
to issue a separate contract for the
performance of the compensation
and/or enhancement work—at
least for the fine grading and
vegetative work. This will reduce
the number of change orders
and/or litigations associated with
the highway project. It will also
provide the best insurance for
success.

Most general construction and
landscape contractors that bid on
highway projects are not knowl-
edgeable about wetland construc-
tion techniques and methods nor
are they sensitized to the factors
that limit success. If a separate
contract Is issued for the compen-
sation-enhancement work, and if
the contract specifications are
detailed, most of the contractors
unfamiliar with compensation
work will bid high or not bid
because of inexperience. Those
contractors that have had some
experience with wetlands will bid
competitively and will probably
do a better job.

%



3.3 Site

Preparation

More often than not, the prep-
aration of the site will involve
excavation rather than filling
operations. In either case, how-
ever, the object of the required
work is to bring the site to the
final grade within the specified
tolerances. The methods for
doing the work normally are not
specified, but left up to the
contractor.

No matter what the grading
method, fine grading under water
probably will not lead to the
desired grade within the specified
tolerances. Excluding water from
the site during excavating, grad-
ing, channelizing, and maybe
planting are major considera-
tions. Certain specifications per-

replacement
(ocation

Excluding water from the wetland replace-
ment site during its preparation may be
essential in order to achieve the specified
grades. Techniques for so doing might be
made part of the contract specificarions.

taining to the exclusion of water
might be made part of the
contract.

Specifications might require
retention of a portion of land asa
dike to exclude water. Construct-
ing a temporary dike might also
be necessary. In tidal areas the
earthen dikes could be temporar-
ily opened at low tide to release
accumulated ground and rain
water. In non-tidal areas, water
may have to be continually or
periodically pumped out of tem-
porary collection basins.

It may not be practicable or
even feasible to exlude water
from a site that involves filling—
particularly in open water areas
or if the fill material is hydrauli-
cally pumped. In such instances,
precision grading of the site may
not be possible, particularly if the
fill materials are muds. The site

grading plan should reflect this
potential difficulty and specify
the scattered mounding of fill
materials in order to diversify the
wetland habitat,

Topsoiling (loaming) the
graded area normally will not be
required. Substrate properties
and characteristics do not limit
the successful establishment of a
wetland. There are preferred sub-
strate types for various plant spe-
cies; however, most clean
(uncontaminated) substrates are
acceptable. Consequently, what
results after excavation or filling
generally will be acceptable.
However, excavations into bed-
rock would be unacceptable as
would be filling with rock and
stone. Further discussion regard-
ing substrate specificationsis pro-
vided in a following section.

temporary
berm retained



3.4 Vegetative
Establishment

In the replacement and restora-
tion of wetlands and in measures
for enhancement that involve
revegetation, it is important to get
the designated plants growing
and exhibiting maximum ground
coverage and productivity as
gquickly as possible. This
improves the mitigation, because
the lost wetland has been compen-
sated for expeditiously. Addi-
tionally, leaving a graded site
unvegetated will promote its
instability, and grades altered by
erosion may not support the
designated plants.

In time, unvegetated sites that
retain proper elevations may
become naturally vegetated by

berm bei

and site peing planted

wetland plants. This is least likely
to occur rapidly in saltwater areas
and is most likely to occur in
freshwater areas. However, there
is little control over what plant
species will enter such unvege-
tated sites. Those that do may not
be most effective in achieving the
desired compensation. Conse-
quently, a mitigation plan should
specify intentional establishment
of vegetation throughout a pre-
pared site. :
3.4.1 Obtaining and Handling
Plant Materials. Some wetland
species have known distinct varie-
ties which develop abnormally
outside their geographic range.
Unless contrary information is
available, only indigenous plant
materials should be used for a
wetland establishment project,
and these materials should be col-

removed

aft low +ide

replaced wetiand
onre year after planting

lected within a 100-mile radius of

the project site.

The necessary plant materials
may be available from a wetland
plant nursery (see Section 4 and
Appendix A), They may have to
be collected from the wild. Any
requisite permits for such collec-
tions must be obtained from the
state and federal wetland regula-
tory agencies.
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Wetland plamt seeds normally are harvested
in the wild. Conditions preclude (he use of
conventional equipment and limit tech-
niques 1o time consuming hand ones.
Harvesting must be accomplished within a
period of about one month during the year.

Seed harvest is restricted to a
period of three to four weeks dur-
ing ortoward the end of the grow-
ing season. If this narrow harvest
period is past when the landscape
contract is awarded, the project
may be delayed for up to one
year. In order to avoid this occur-
rence, highway department biolo-
gists might harvest, process, and
store the necessary seeds (or con-
tract separately to have others do
this) and then provide the land-
scape contractor with the seeds at
an appropriate time.

After harvest, the seeds are
threashed, cleaned, and stored.
Seeds often are stored wet and
generally under refrigeration.
Following afterripening (a period
of storage, generally cold, that
may be required before seed ger-
mination is possible), the seeds
can be used to propagate the
required nursery stock for the
project or used directly for seed-
ing the site.

Some wetland plani seeds can be threshed
and cleaned using standard equipment.
Others have to be processed by hand.

Wetland plant seeds often must be stored

wet and under refrigeration.

Wetland plant seeds are used to produce
nursery plant stock or o seed the site
directly.



When digging transplant materials from
natural wetlands, it is recommended 10 use
a checkerboard technique o avoid ihe
disruption of singie large areas of wetlands.

If plant materials other than
seeds are specified, they may not
be available from a nursery and
the landscape contractor may
have to collect them from the
wild. Such materials may be bare
root plants (sprigs—dormant or
growing plants, usually grasses
and sedges, with substrate
removed from the roots), below-
ground perennial plant parts
(tubers, bulbs, rhizomes), and
excavated clumps of plants and
associated substrate (plugs).
These materials are dug from
existing wetlands. Digging
should be by hand and be in
checkerboard fashion to avoid
mutilation of large areas of
wetlands. Plugs may be difficult
to obtain under water, but the
other materials are best so
obtained to facilitate washing
away the substrate. The exca-
vated plant materials normally
are transported directly and
transplanted to the site. During
the interim, these materials must

Seeds must be cultivated 1o subsurface
depths of generally no greater than one
inch. Seeds that are surface sown, with or
without muich, wiill wash away during times
of high water.

be kept moist.
It should be mentioned that

digging up natural wetlands for

the purpose of establishing new
wetlands is contrary to the man-
dates for wetlands preservation
and to the concept of mitigation.
A better method of obtaining
materials is through the establish-
ment of qualified nurseries to
propagate and supply required
wetland plant materials.

3.4.2 Seeding. Wetland estab-
lishment by seeding is the most
economical approach, but its suc-
cess is least predictable. Seed ger-
mination and seedling develop-
ment in shallow water or
throughout the low half of the
vegetation zone in tidal areas
depend upon uncontrollable
parameters such as the tempera-
ture and the turbidity of the
water. Soil and water salinities
may limit seeding success. Fre-
quent siltation of the foliage leads
to reduced productivity or mor-
tality of the seedlings. Poorly

developed seedlings may not
overwinter in some regions of the
country and they are most vulner-
able to animal depredation.

In order to capitalize on the full
growing season, seeding generally
must be completed in early
spring. Seeding is best accom-
plished using standard cultiva-
tion equipment and with the site
drained. Hydroseeding tech-
nigues generally are not applica-
ble. Seeding in shallow water may
be feasible for seeds having a
greater density than that of the
water; seeding underwater is diffi-
cult to control and once the seeds
have germinated, the seedlings
may float to the surface.
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At least one fertilization nor-
mally will be required. This is best
accomplished after the seeds have
germinated and the seedlings are
about one month old. If fertiliza-
tion is conducted as described in
Section 5, loss of nutrients to the
interacting surface water will be
minimized.

3.4.3 Transplanting. The most
successful as well as the most
expensive method of wetland
establishment is transplanting
peat-potted plants, plugs, sprigs,
and dormant underground plant
parts (tubers, bulbs, rhizomes).
These plant materials have either
the top growth or the stored
energy to emerge from the water
level and sustain maximum pro-
ductivity after planting. Peat-potred nursery stock of aquatic plants

If available and ifprod uctionis can be iroduqed ecanf)rmca}ly cutside or in

a greenhouse in water-filled compartments.
possible, peat-potted nursery
stock developed from seed or
sprigs is the preferred plant mate-
rial. This plant stock may be
transplanted at any time of the
year—in a growing condition or
in a dormant one. Time delays in
preparing the site will not affect
the success of wetland establish-
ment. Appropriately sized plugs
from natural wetlands may be
planted successfully any time.
Normally, sprigs, tubers, bulbs,
and rhizomes must be trans-
planted before new growth com-
mences. This limits the optimal
planting times to winter and
spring months.

Depending upon the area and
the capacity of the site to support
conventional equipment, plant
stock may be transplanted to
drained areas mechanically or by
hand. Planting underwater or
planting dormant underground
plant propagules must be done
manually. Controlled release fer-
tilizer normally is applied at the
time of planting and again only as

plant conditions warrant. If the physical conditions of a site permir,
plants can be transplanted mechanically.
Otherwise, transplanting musy be done by
hand,




3.5 Period of
Establishment

Maintenance of the site after
planting and through at least one
full growing season should be part
of the general contract or the
landscape contract. Litter and
debris deposits which adversely

During the period of establishment, litter
and debris deposits should be removed jrom
the site and all transplanis lost and bare
seeded areas should be replanted.

impact mature wetlands might
demolish transplants or seedlings
unless removed expeditiously.
Wildlife tend to concentrate on
isolated plants. Seedlings and
transplants are most vulnerable
until ground cover is maximized.

Exclosures to prevent wildlife
intrusion may be needed for some
sites. Plants lost from wildlife
feeding, debris deposits, erosion,
vandalism, washing out, or other
causes should be replaced during
the period of establishment.

If wildlife or livestock populations near a
new wetland site are known 1o be large, the
site may have to be protected during the
period of establishment by using exclosures.
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4. Target
Perennial
Wetland

Plants

Selected perennial wetland
plants that are commonly
encountered throughout the
United States are provided next.
The plants selected are those
which (1) have been successfully
utilized in wetland establishment
projects, (2) have been success-
fully developed and propagated
in nurseries, or (3) have potential
for (1) and (2). These plants are

List of Species
in the Order
Presented

Acorus calamus (sweetflag)
Carex Iyngbyei (Lyngbye's sedge)
Carex obnupta (slough sedge)

Cephalanthus occidentalis (buttonbush)
Deschampsia caespitosa (tufted hairgrass)

Distichlis spicata (salt grass)

Festuca arundinacea (Ky-31 tall fescue)

Leersia oryzoides (rice cutgrass)
Mangroves

Panicum virgatum (switchgrass)
Peltandra virginica (arrow arum)
Polygonum spp. (smartweeds)
Pontederia cordata (pickerelweed)
Sagittaria spp. (arrowhead)
Saururus cernuus (lizardtail)

Scirpus americanus (common three-square)
Scirpus robustus (saltmarsh bulrush)
Spartina alterniflora (smooth cordgrass)
Spartina cynosuroides (big cordgrass)
Spartina patens (saltmeadow cordgrass)

Typha spp. (cattail)
Submerged aquatic plants

valuable as substrate stabilizers,
water purifiers, and food and
cover for fish and wildlife. The
following abbreviations are used:
MLW = mean low water, MT =
mean tide, MHW = mean high
water, MHHW = mean higher
high water, ST = spring tide. The
numbers listed after “commercial
sources” refer to nurseries listed
in Appendix A.




Acorus calamus (sweetflag)

Geographic range:

Habitats:

Commercial sources:
Recommended propagules:
Site seeding potential:

Northeastern U.S., central
plains, scattered northwest

Fresh marshes and wet places,
standing water 0-1 ft, MHW
and above, tolerates some shade,
drought

2,5,6,11,15,16

Rhizome

Low

Carex Lynbyei (Lynbye’s sedge)

Geographic range:
Habitats:

Seed harvest & storage:

Recommended propagules:

Site seeding potential:

Carex obnupta (slough sedge, Pacific sedge) \

Geographic range:
Habitats:

Seed harvest & storage:
Recommended propagules:

Site seeding potential

West Coast

Fresh marsh and salt marsh,
MT to MHHW

July-Sept, dry at room
temperature

Peat pots, sprigs
Low

West Coast

Freshwater to brackish water,
MHW and above

July-Oct, wet, no afterripening
Peat pots, sprigs
Low

24
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Cephalanthus occidentalis (buttonbush)

Geographic range:

Habitats:

Commercial sources:

Seed harvest & storage:

Recommended propagules:

Site seeding potential:

Maine to Texas, occasionally
inland, California

Fresh swamps, standing water

0-3 ft, MHW and above, tolerates

shade, fluctuating water. levels
1

Sept-Nov, 4°C in tapwater or dry

1n closed containers, no
afterripening

Seeds, peat pots

Low

Deschampsia caespitosa (tufted hairgrass)

Geographic range:
Habitats:
Seed harvest & storage:

Recommended propagules:
Site seeding potential:

Distichlis spicata

Northern half of U.S.

Coastal fresh marsh and brackish
marsh, MHW to ST, inland in wet

meadows, not in standing water

July-Sept, wet or dry, after-
ripening required

Seceds, peat pots, sprigs
High

(salt grass, spike grass, alkali grass)

Geographic range:
Habitats:

Commercial sources:
Seed harvest & storage:

Recommended propagules:

Site seeding potential:

Maine to Texas, locally inland
to Missouri, Pacific coast

Salt marsh, moist saline soils,
alkaline soils, sand dunes,
MHW and above

1,9

Aug-Oct, 4°C dry in closed
containers

Seeds, sprigs; peat pots
High




Festuca arundinacea (Ky-31 tall fescue)

Geographic range:
Habitats:

Commercial sources:

Seed harvest & storage:

Recommended propagules:

Site seeding potential:

Leersia oryzoides (rice

Geographic range:

Habitats:

Commercial sources:
Seed harvest & storage:

Recommended propagules:

Site seeding potential:

Throughout U.S.

Upland, dry to wet soils, MHW
and above in tidal brackish
water areas, mature plants
tolerate water salinities up

to 10 ppt after established, seed
will germinate in water salinities
up to 2 ppt

At most outlets for field crops
Apr-June in south, May-Aug in
north, dry, cool

Seeds
High

cutgrass)

Throughout U.S. except Nevada,
Montana, Wyoming

Fresh marsh, standing water
0-1 ft, tolerates shade,
drought, flooding

|

Aug-Oct, 4°C in tapwater or dry
in closed container

Seeds, peat pots, sprigs
High
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MANGROVES

Avicennia germinans (black mangrove)
Rhizophora mangle (red mangrove)
Laguncularia racemosa (white mangrove)

Geographic range:

Habitats:

Commercial sources:

Seed harvest & storage:

Recommended propagules:

Site seeding potential:

Comments:

Florida, A. germinans—Florida
to Texas

Salt marshes, about MT to above

MHW. R. mangle tolerates standing
water up to 1 ft. 4. germinans

tolerates standing water to several inches,
highest salinities, coldest temperatures,
adverse conditions. [. racemosa tolerates
driest soil

4,8

R. mangle—July to Oct

plant immediately

Saplings (2-3 year), seeds

High in protected areas only
Initial stabilization of substrate
by Spartina alterniflora results
in greater success in establishing

mangroves, The mangroves will
shade out S. alternifiora gradually.

19
184
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Panicum virgatum (switchgrass)

Geographic range:
Habitats:
Commercial sources:

Sced harvest & storage:

Recommended propagules:

Site seeding potential:

Peltandra virginica

Throughout U.S. except Pacific
coast

Fresh marsh and salt marsh above
MHW, inland moist and dry soils

3,5,7,10,12,13

Aug-Oct, 4°C dry in closed
containers, cool area, some evidence
for afterripening

Seed, peat pots

High

(arrow arum, tuckahoe, wampee, duck corn)

Geographic range:
Habitats:

Commercial sources:
Seed harvest & storage:
Recommended propagules:

Site seeding potential:

Eastern U.S.

Fresh marshes, standing water
0-11ft, MT to MHW, tolerates
shade

1,5,15
Oct (MD), 4°C wet
Seeds
High

Polygonum spp. (smartweeds)

Geopgraphic range:
Habitats:

Commercial sources:

Seed harvest & storage:

Recommended propagules:
Site seeding potential:

Comments:

Throughout U.S.

Fresh marshes, standing water
0-2 ft, some species tolerate
(1) brackish (P. densiflorum,
P. puncrarum), (2) alkaline,
(3) dry, or (4).turbid con-
ditions (P. amphimium,

P. muhlenbergii)

5.79,15

Oct-Nov (MD), 4°C in tapwater

or dry in closed containers

Seeds, peat pots

High

Annual species (e.g., P. lapathifolium,

P. pensylvanicum, P. persicaria) have
high potential for use
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Pontederia cordata (pickerelweed)
Pontederia lanceolata
(possibly a separate species)

Geographic range: Eastern U.S., P. lanceolata
Virginia to Texas

Habitats: Fresh marsh and brackish (up
to | ppt salt) marsh, standing

water 0-1 ft, MT to MHW

Commercial sources: 1,5,6,11,15,16

Seed harvest & storage: Sept-Oct, 4°C in tapwater,
afterripening likely

Recommended propagules: Tubers, peat pots

Site seeding potential: Low

Sagittaria spp.
(arrowhead, duck potato, wapato)
Geographic range: Throughout U.S.

Habitats: * Fresh marsh, standing water 0-2 ft, MHW,
and above, some spp. tolerate total
submergence, some tolerate shade,
some tolerate up to | ppt salt

Commercial sources: 1,5,6,7,11,14,15,16

Seed harvest & storage: Oct (MD), 4°C wet
Recommended propagules: Tubers, peat pots

Site seeding potential: Low

Comments: S. cuneata and 8. latifolia

are most valuable to wildlife

Saururuj‘cernuus
(lizardtail, water dragon, swamplily)

Geographic range: Maine to Texas, New York,
1llinois, Michigan, Kansas, Missouri
Habitats: ] Fresh swamps, standing water
0-3 ft, tolerates shade
Commercial-sources: 1,16
Seed harvest & storage: Aug-Oct, 4°C in tapwater or dry
' in closed container, no after-
ripening
Recommended propagules: Seeds, peat pots, rhizomes
Site seeding potential: High




Scirpus americanus
(common three-square, American three-
square, three-square rush, swordgrass)

Geographic range: Throughout U.S.

Habitats: Inland fresh marsh and alkali
marsh, standing water 0-1 ft,
coastal fresh marsh and brackish
(<10 ppt salt) marsh, MT to

above MHW

Commercial sources: 1,5,

Seed harvest & storage: July-Oct, 4°C in tapwater, afterripening
likely

Recommended propagules: Peat pots, sprigs, seeds

Site seeding potential: High

Scirpus robustus (saltmeadow bulrush)

Geographic range: Maine to Texas, California,
Washington

Habitats: Brackish marsh and salt marsh,
about MHW and above

Commercial sources: L9

Seed harvest & storage: Aug-Oct, 4°C in tapwater or dry in
closed containers

Recommended propagules: Peat pots, sprigs, seeds

Site seeding potential: High

3
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Spartina alterniflora
(smooth cordgrass, salt marsh cordgrass)

Geographic range: Maine to Texas (Washington and
California introduced)
Habitats: Coastal salt marsh, MLW to MHW

for tidal range below 2 ft;
MT to MHW for tidal range above

31t
Commercial sources: 1,4,8,9
Seed harvest & storage: N. Atlantic in Sept, mid-

Atlantic in Oct, S. Atlantic
and Gulf—difficult due to
extended flowering periods,
store 4°C in 1040 ppt
saltwater, several months
afterripening required for
mid-Atlantic and northern
populations

Recommended propagules: Seeds, peat polts, sprigs
Site seeding potential: High in protected areas and
at upper elevation limit

Comments: Distinct varieties exist in the
N. Atlantic, mid-Atlantic, and
Gulf regions. Spartina foliosa
(Pacific cordgrass) is found in
California. It occupies the
same habitat as S. alrerniflora
and is similar in appearance.

Spartina cynosuroides
(big cordgrass, salt reed grass)

Geographic range: Massachusetts to Texas

Habitats: Fresh marsh to brackish (< 10 ppt
salt) marsh, MHW and above

Commercial sources: 1

Seed harvest & storage: Oct, 4°C in tapwater or dry in closed
containers, afterripening required
Recommended propagules: Seeds, peat pots, sprigs
Site seeding potential: High in protected areas and
above MHW




Spartina patens

(saltmeadow cordgrass, salt marsh hay,

highwater grass)

Geographic range:
Habitats:

Commercial sources:

Seed harvest & storage:

Recommended propagules:

Site seeding potential:

Typha spp. (cattail)

Geographic rangc:

Habitats:

Commercial sources:

Seed harvest & storage:

Recommended propagules:
Site seeding potential:

Maine to Texas, inland New York,
Michigan

Salt marsh above MHW to sand
dunes, rare inland

1,4.8

N. Atlantic in Sept, mid-
Atiantic in Oct, 4°C dry in
closed container, afterripening
takes several months for N.
Atlantic and mid-Atlantic
varieties

Peat pots, sprigs

Low

T. latifolia—throughout U.S.

T. augustifolia--Maine to South Carolina
California, West Virginia, Kentucky,
Missouri, Nebraska

T. angustifolia-—brackish
{ <10 ppt salt) marsh,
both—{resh marshes,
standing water 0-0.5 ft,
MHW and above
1,2,5,6,9,11,14,15
Sept-Nov, dry at room
temperature

Rhizomes

Low
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SUBMERGED AQUATIC PLANTS

For all plants

Recommended propagules: Plugs
Site seeding potential: Low
« Y :
! h,‘v "} ./
A N
k i \\ vy
Zostera marina (eelgrass, wrackgrass) \\ \ o/
Geographic range: Alaska to California, Maine to ‘\ i B :
North Carolina \‘.‘{\,f?' ,5 !
¥ i
Habitats: Saltwater, standing water v/
(2-6 ft), low intertidal "
zone A | |
TG e e e KT —
Seed harvest & storage: Late June in New York AT S

R Ty

Ruppia maritima (widgeongrass)

Geographic range: Throughout U.S.

Habitats: Brackish water, low inter-
tidal zone

Seed harvest & storage: June till fall

Potamogeton pectinatus (sago pond weed)

Geographic range: Throughout U.S.

Habitats: Fresh, alkali and brackish
water, standing water (2-6 ft)

Seed harvest & storage: 1-3°C in tapwater

Commercial sources: 57,15



Potamogeton perfoliatus (redhead grass)

Geographic range: Northeastern U.S.
Habitats: Brackish water, standing

water (2-6 ft)
Commercial sources: 15

Vallisnerea americana (wild celery)

Geographic range: Throughout U.S.

Habitats: Fresh and brackish water,
shailow water, low inter-
tidal zone

Thalassia testudinum (turtle grass)
Geographic range: Florida to Texas, West Coast
Habitats: Salt water, MLW to 100 ft

Halodule wrightii (shoal grass)

Geographic range: North Carolina and Florida to Texas
sparse
Habitats: Salt water

At

¥
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5. Specifications

for Wetland
Establishment

Contract specifications for any
wetland establishment (restora-
tion and replacement) and
wetland enhancement measures
should include, if applicable:

® a final grading plan,

e final designs of all
required structures

& any required construction
sequence or time con-
straints on construction

e requirements for plant
materials and their
installation,

¢ requirements for mainte-
nance during the period
of establishment.
All of these items are site-specific;
thus no two sets of specifications
for different projects will be iden-
tical. Yet, there are certain specifi-
cations that may be generalized in
part. These relate to the last two
items and will be discussed
further. Although no generaliza-
tions for the final grading plan
can be given, this item requires
further discussion because of its
importance.

5.1 Final Grading

The final grade of a site and the
plant species assigned to the var-
ious elevation zones will dictate
the ultimate success of a project.
Achieving the specified final
grades would appear fairly rou-
tine, but frequently, this develops
into a problem in the preparation
of a site. The problem is most
likely to arise when the contractor
and the inspectors for the contract
are not sensitized to the impor-
tance of the final grades.

Elevations should be moni-
tored continually during final
grading. Where final elevations
are designed to correspond to
those of nearby wetland com-
munities, it is often convenient to
use these communities as biologi-
cal bench marks for final grade
acceptability.

For tidal wetlands, the toler-

ance (the allowable elevation -

range) in the final grade increases
with increasing tidal range (see

Table 1). Numerical values of tol-
erances for all wetland types are
best derived from field measure-
ments of the elevationrangeasso-
ciated with the vegetative
community to be established. If
possible, such measurements
should be made in nearby
wetlands that are connected to the
same water source that will serve
the new wetland. For wetland sys-
tems having the high water level
controlled by an adjustable weir,
the final grade may not be so
critical.

Developing the final grading
plan for wetlands proposed in
areas where the only water source
is ground water and/or storm
runoff is the most difficult. In
such areas, seasonal variations in
rainfall provide uncertainties in
designed water levels.



Monitoring elevations during site grading
and checking these with those at the chosen
biological bench marks in nearby wetlands
may expedite achieving the proper specified
grade.

Table 1. Elevation tolerances of hypothetical wetland communities
are shown as a function of tidal range. The elevation range for
community-! is MT to MHW. The elevation range for community-2
is MHW to Spring Tide. Mean Low Water is taken as zero.

Tidal Range (ft) Elevation Tolerance (ft) Elevation Tolerance {ft)
Mean Spring Community-1 Community-2
20 22.8 10-20 20-22.8
10 1.5 . 5410 10-11.5
5 6 2.5-5 5-6
3 3.6 1.5-3 3-3.6
1 1.2 0.5-1 1-1.2
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5.1.1 Substrate. Topsoiling or
loaming a wetland site normally is
not required; however, upland
slopes associated with the site
should be treated using regional
USDA Soil Conservation Service
specifications. The following
specification for acceptable
wetland substrate characteristics
is recommended:

Following final grade, the
substrate shall consist of a
minimum of one foot in
depth of clean inorganic/
organic materials of which
80-909% by weight passa No.
10 sieve.
Construction rubble and sedi-
ments coarser than sand are
excluded by this specification.
Most borrow and dredged fill
materials would be acceptable as
would most substrates encoun-
tered after excavation. Although
integrated (undisrupted) peat is
not a desirable substrate, it is
acceptable.

Because the annual below-
ground production of many per-

ennial wetland plants is 409-60%
of the total production, organic
buildup in the substrate takes
place rapidly. After several years
of uniform vegetative cover, the
once inorganic substrate will be
largely peat or rich in organic
content.

5.2 Plant Species

Wetland compensation and
enhancement measures have to be

successful to achieve appropriate
mitigation. For all wetland cate-
gories the following landscaping
recommendations are provided:

e Use a minimum of plant
species adaptable to the
various elevation zones—
diversification will occur
naturally.

® Sclect herbaceous plant
species of potential fish
and wildlife and rapid
substrate stabilization
values for initial estab-
lishment.

e Phase the establishment

of woody species to
follow that of the herba-

ceous ones.
Select mostly perennial
plant species.

Select plant species that
are adaptable to the
broadest tidal range or
depth of water range.
Select endemic species.
Give priority to commer-
cially available species
and/or ones that have
been used successfully in
the past.

e Do not commit signifi-

cant areas of the site to
species that have ques-
tionable potential for
successful establishment.
Avoid specifying only
those species that are
foraged by wildlife
populations expected to
utilize the site.



5.3 Plant waves and currents

® cost
Propagules ¢ depth of water
For any project, the selection ¢ water and substrate

and specifications of plant salinities
propagules to be used will depend ® availability of different
upon various factors. These may types of propagules
include: ® importance of success.

e timing Generalizations regarding some

o plant species specified of the aforementioned factors are

¢ exposure of the site to given in Tables 2—35,

Table 2, Recommended time of planting and propagule type.

Time
Propagule l Spring Summer Fall Winter l
Seed ) o?
Dormant (sprig, bulb, rhizome, tuber) e *
Growing (sprig, bulb, rhizome, tuber) ob
Plug or peat-potted nursery stock . . . .

a) Seeds may after-ripen in the ground at the site; however, bird
consumption and erosion may lead to seed loss. b) Transplant
mortality rates may be high. Clipping aboveground parts to 6-12
inches in length may reduce the shock of processing, planting,
and increase survival,

Table 3. Recommended propagule for site exposure to waves and
currents,
Exposure of Site to Waves
I and Currents I
Propagule High Moderate Negligible
Seed L

Dormant or growing
(sprig, bulb, rhizome,

tuber) b .
Plug or peat-potted
nursery stock . N .
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Table 4.

Propagule-

Seed*®

Sprigs®

Relative costs of various propagules.

I—Relative Costs/Planting Unit-—-—l
124681012 14 16 18 20

Bulbs, rhizomes, tubers*

Plugs or peat-potted nursery stock*

a) 10 viable seeds per planting unit. b) three sprigs per planting unit,

¢) one per planting unit,

Table 5. Recommended propagules for different depths of water.
Depth of Water
(tidal: orosta‘:ding)_—l
Propagule 0-3in.  Greater than 3 in.
Seed s
Sprigs, bulbs, rhizomes, tubers . *
Plugs or peat-potted nurery stock . e

5.3.1 Seeds. Recommended
specifications for seed storage are
given in Section 4,

Many wetland plant seeds are
best stored wet under refrigera-
tion. Itisdifficult to distribute wet
seeds either by hand or mechani-
cally, because the seeds tend to
clump together. Several
approaches have been used to
facilitate the uniform distribution
of wet-stored seeds during the
seeding operation. These include
mixing the wet seeds with just
enough clay-based cat litter, dry
sand, or other inactive drying
agent to provide de-clumping of
the seeds and suitable flow of the

seed-carrier mix for distribution.
Seeds may be so treated on-site
just before seeding or shipped
from the supplier in the treated
state. Large seeds that are planted
individually (e.g., arrow arum
and mangrove) should not be
pre-dried.

Small seeds such as Typha spp.,
Sagitiaria spp., Eleocharis spp..
Salicornia spp., and Spartina pa-
tenrs should not be specified for
use unless the site substrate is
muddy and the seeds can be
surface sown and lightly pressed
into the mud to prevent washing
out.



clipped for
Plamféng

Typical sprig of American Beachgrass
{Ammophila breviligulata) derived fram the
wild or from a nursery.

5.3.2. Sprigs. This propagule
consists of a single stem (culm) of
grasses or sedges and associated
roots, basal shoots (originating
from the base of the stem)and any
short rhizome sections left intact.
Old or new top growth should be
clipped to 6-12 inches in length.

The roots of many herbaceous
perennial plants are annual.
When sprigs are excavated during
the dormant season, the old roots
may be stripped from the stems
for ease of packaging. However,
when new growth sets in, new
roots develop. These generally
are white and clearly distin-
guishable from the dark colored
inactive roots of the previous
growing season. It is the disrup-
tion of these new roots through
excavation, handling, and trans-
planting that reduces the success
of transplanting sprigs during the
active growing seasorn.

5.3.3 Bulbs, Tubers, and Rhi-

zomes, These are the under-
ground propagules of perennial
plants. They are best excavated
and transplanted while in a dor-
mant condition (winter and early
spring). However, they can be
handled successfully while grow-
ing if care is exercised. When
these propagules or sections of
them are viable, they will exhibit
associated light-colored buds or
shoots. Bulbs and tubers wili be
hard and rhizomes resilient when
viable.

5.3.4 Plugs and Peat-potted
Nursery Stock. Plugs are cubical
or cylindrical extracts from dense
stands of wetland plants. They
contain stems, roots, under-
ground perennial parts, and asso-
ciated substrate. The diameter
and depth necessary for an accep-
table transplant unit vary with the
plant species. Generally, the
larger the size of the plug the bet-
ter. If too small, the critical
belowground perennial parts may
be fractured. At least 4-inch plugs
(width and depth) are recom-
mended for grasses, rushes, and
sedges.

Tvpical bulb and associated new growth of
pickeretweed (Pontederia cordata) derived
Jfrom the wild or from a nursery.

Tipical plug of a wetland plani.
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Peat-potted nursery stocks are
commercial peat pots that have
been filled with sand or other pot-
ting mixtures and sprigged or
seeded. Plants are cultivated with
pots immersed in water until such
time as the plants are well-
developed with the root mass
extending through all sides of the
pot. For salt marsh species, sodium

chloride is added to the water until
the desired salinity is achieved.

Water salinity is controlled by
adding freshwater to maintain the
water level in the growing

compartment, _
Below are typical specifications

for peat-potted nursery stock of
grasses, sedges, and rushes (seed-
lings or sprigs): all plant materials
should originate from within a
100-mile radius of the project site
(if such is known to be important)
and should be contained in 1-%-
inch to 2-Y-inch pots. Each pot
should contain at least 4 (four)
stems havinga minimum of 6 (six)
inches of active growth. Roots
should be sufficiently well-
developed through the peat pot
surfaces so that the plants are
firmly contained in the pot.

5.4 Planting

In tidal areas, planting should
be coordinated with the tides and
all planting operations should be
completed prior to tidal flooding.
If possible, non-tidal areas should
be drained prior to planting.

5.4.1 Seeding. Seed should be

broadcast uniformly over the sub-
strate surface at a rate of 10viable
seeds per square foot. The seeds
should be cultivated to subsurface
depths of 0 to ! inch followed by
packing, rolling, or dragging the
tilled substrate, and for non-tidal

projects, the-seeded area should
be kept moist of flooded by 0 to 2
inches of water until seeds germi-
nate and the seedlings are several
inches tall. At this time, the area
should be fertilized with standard
10.10.10 or 20.10.10 fertilizer at a
rate of 600 Ib/acre or 300 1b/acre,

respectively. Tidal seeded areas
should be fertilized at the above
rate when the seedlings are several
inches tall and during the fall of
the tide (ebb) as water becomes
drained from the surface. The
water levél in non-tidal projects
should be maintained well below
the top growth of the seedlings
during the course of their devel-
opment. Fertilization should be
repeated at the above rate one
month following the initia!
fertilization.

Large seeds (e.g., arrow arum
and mangroves) should be treated
as transplants.

5.4.2 Transplanting. Dividing
the area to be transptanted by the
square of the distance (D)
between transplants gives the
number (N) of transplants
required (N=Area/ D?):

D (ft) N/Acre
1 43,560
1.5 19,360
2 10,890
3 4,480
4 2,723

Whereas, selecting the largest dis-
tance between transplants will
provide the lowest cost for the

Tvpical peat-potted transplani of Saltmarsh
Cordgrass (Spartina alterniflora).

vegetative work, it has distinct
disadvantages. Wildlife are at-
tracted to individual clumps of
vegetation,and the more rapidly
uniform ground cover can be
realized the less likely that the
area will become denuded by
wildlife depredation. Substrate
erosion will not become maximally
controlled until a uniform vegeta-
tive cover is achieved. The function
of a wetland to control water qual-
ity is also proportional to the per-
centage of ground cover.

Generally it is advisable to specify
a transplant grid that will provide
uniform vegetative cover within one
full growing season. For most
emergent herbaceous plant
species, transplanting on a 2-foot
grid will achieve this objective.
Because of the relatively high cost
of planting underwater, the
transplant grid for submergent
plant species might be increased
to 3 to 6 feet.

Side-dress fertilization (placing
fertilizer together with the
transplant in the substrate) witha
controlled release fertilizer is
recommended at the time of
planting and at the following
rates: (Table 6):



Table 6.
Propagule

Fertilization Rates

Time

Fertilizer and Rate

peat-pot, plug,
tuber, bulb

winter, fall

spring I fluid ounce (ca. 30g)
Osmocote® 18-6-12 (8-
to 9-month release)

summer I fluid ounce (ca. 30g)

sprig, rthizome same as above, except 1 fluid ounce

I fluid ounce (ca. 30g)
Osmocote® 18-5-11 (12-
to l4-month release)

Osmocote® 19-6-12 (3-
to 4-month release)

Osmocote® is a controlled release
fertilizer thar performs well in
saline waters and under
conditions of saturated sub-
strates. For planting underwater,
it is suggested that burlap sacks
containing this fertilizer be placed
beneath the transplant.

Where the use of Osmocote® or
other cowntrolled release fertilizer
is impracticable or when
mechanical equipment is used
which is not designed to
simultaneously place plants and
fertilizer in the substrate,
conventional 10.10.10 (20.10.10)
fertilizer may be used. This
fertilizer may be applied to the
base of the transplant after new
growth appears and twice again
at one month intervals using the
rate of 20g (10g for 20.10.10) per
transplant. Such applications
should be made when no water
will be covering the substrate for
4 (four) hours or more.

Transplants and controlled re-
lease fertilizer should be placed in
furrows or holes (generally
developed mechanically) and
covered with 1 (one) to 2 (two)
inches of substrate. In high
energy sites where erosion is
probable and for high salinity

substrates (see later), transplants
should be placed at subsurface
depths of 3 (three) to 4 (four)
inches.

5.5 Period of
Establishment

Few wetland establishment
projects will develop to be totally
successful after the seeds or plants
are in the ground. Seeding success
may be spotty. Transplant
mortalities will invariably occur.
Litter and debris deposits may
bury planted areas. Animal
depredation may be significant.
In populated areas, vandalism is
common. Transplants and seed-
lings may be washed out by waves
and storm runoff flows. Ice may
remove transplants. Salt buildup
in the substrate may limit plant
establishment.

The landscape contract should
specify a period of establishment
program. Such a program might
include monthly site inspections
for a full growing season (May—
October in most parts of the
country) and at the beginning of
the second full growing season.
For example, if a site was planted
in July, maintenance inspections

should be required in August-
October, May-October of the
next year, and May of the
following year.

During the monthly mainte-
nance inspections the landscape
contractor should be required to
(1) transplant all unsuccessful
seeded areas to non-seed propa-
gules; (2) replant all transplants
that have suffered mortalities or
are otherwise gone; (3) remove all
litter and debris deposits
throughout the site; (4) conduct
the specified fertilizations; and (5)
take any specified measures to
temporarily exclude wildlife.

Requiring a period of establish-
ment section to the landscape con-
tract will guarantee the success of
the project.

Wetland establishment work is
not common. The uncertainties
regarding success are much greater
than those of landscaping a high-
way median. It is important, there-
fore, that the appropriate highway
department personnel and the con-
tract inspectors be aware of poten-
tial problems and be receptive to
contract change orders to resolve
any problems that may arise and
that clearly are outside the control
of the landscape contractor. Such
problems may relate to poor design
or improper site preparation, plant
species designated {or improper ele-
vations, or water level controls that
are inadequate. They may relate to
unexpected wildlife depredation or
unavoidable increases in substrate
salinities or to an untimely storm or
to high water turbidity.
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Experience indicates that many
regulatory and consulting
resource agencies may accept
seeding or transplanting success
rates of 859 per unit area, as
determined at the beginning of
the second growing season.

5.6 Common Reed
Control

Common reed (Phragmites
australis) is.a cosmopolitan and
ubiquitous perennial plant that
may sprcad 10-29 fect during a
growing season by stolons or
several fcet by rhizomes. In
saltwater (greater than 20 ppt
salt) the plant develops mostly
above the high water line;
however, in freshwater areas the
plant may be rooted in the tidal
zone or below the water level, Its
density, height (6-15 ft), and high
productivity often preclude
associations with other plant
species and stands of P. australis
frequently are monotypic.

Phragmites australis has some
value to wildlife as a cover and nest-
ing habitat. Muskrats prefer to con-
sume the rhizomes of the plant over
those of smooth cordgrass (Spar-
tina alterniflora). The plant has pos-
itive erosion control potential, and
when growing in the water, it has a
positive potential for controlling
water quality.

The standing crop of 2.
australis does not turn over
(cycle) rapidly. The dried out
dead aboveground parts may
stand erect for one or more years
and present serious fire hazards.
Other vegetation that is
adaptable to the same habitat
may be preferred for fish and
wildlife purposes. Because most
wildlife biologists consider P. aus-
tralis to be an undesirable weed,
consideration should be given to
selected removal of the species,
should it dominate, and to
replacement with more desirable
ones as part of the enhancement

Selected removal of Phragmites australis

and replacement with a more desirable plant

species might be considered as part of an
enhancement component of a mitigation
plan.

component of the mitigation
plan.

Successful control of P.

australis by the use of physical
methods is not feasible. Mowing,
plowing, disking, and burning
facilitate the spread and
propagation of the species. The
herbicide Roundup® is to date
the most effectivc control of the
specics. One application of this
herbicide is sufficient for
eradication. Reportedly, it
biodegrades within days after
application and is safe for use in
aquatic environments. Dowpon®
is another effective herbicide;
however, it usually must be ap-
plied twice in successive years for
total control.
To control P. qustralis, mist spray
the foliage with a mixturc of 2
(two) quarts of Roundup® in 25
gallons of water per acre or 40
(forty) pounds of Dowpon® in
200 gallons of water per acre,
from the top downward at the
time of or just following flowering
(in August-September) and at
least 8 hours prior to probable
precipitation.

b
=l

Two weeks following treatment
with Roundup®, the above-
ground crop of P. australis may
be burned or mowed and the arca
revegetated with a more desirable
spectes. When Dowpon® is used,
two successive annual applica-
tions should be planned with any
revegetation taking place no
sooner than 30 days following the
last application.

Permits may be required for
the use of these herbicides in
aquatic environments. State
water resource agencies should be
contacted to determine any re-
striction of their use.

Both Roundup® and Dow-
pon® will destroy other plant spe-
cies that they contact. Con-
sequently, care is necessary to
avoid spraying wetland vegeta-
tion outside the limits of the A.
australis. In tidal areas, it may be
advisable to restrict spraying to
times of one hour before to one
hour after scheduled high tide for
the area. Under these conditions,
much of the wetland foliage will
be under water and protected.



5.7 Costs

The costs associated with (1)
planning and design, (2) obtain-
ing the site, (3) preparing the site,
(4) constructing any necessary
structures, (5) planting the site,
and (6) maintaining the site dur-

ing the period of establishment
comprise the total cost of the
wetland establishment. The costs of
items [-4 are routinely estimated by
the real estate, landscape, and engi-
neering personne! associated with
the project.

The costs for planting and for

the period of establishment often
vary and depend upon site condi-
tions. Table 7 provides rough esti-
mates of material and labor costs
for these items when site conditions
exist that would not himit the rate
and mechanism of installing the
plant materials.

Work Item

Plant Materials (FOB origin)
a) Sprigs

b) Tubers, rhizomes, bulbs
¢) Potted plants

d) Plugs

e) Seed

Fertilizer
a) Controlled release

b) 10.10.10

Labor
a) Seeding

b} Transplanting

¢} Fertilization (stde-dress
or surface applied)

d) Fertilization (surface
broadcasting)

Period of Establishment

Unit Per Acre
$ Cost $ Cost
(1981) (1981)
0.15 1,634
0.25 2,723
0.50 5,445
0.55 5.990
- 1,000
0.851b 815
.20 ib 240
- 4 person-
hours
---- 64 person-
hours
---- 16 person-
hours
- 2 person-
hours
=== 96 person-
hours/year

Table 7. Rough estimates of costs for vegetative establishment.

Notes

2-ft grid: one unit/ hill
2-ft grid; one unit/ hill
2-ft grid; one unit/ hill
2-ft grid; one unit/ hill

cost includes collecting, threshing
cleaning, and cold storing ca.
500,000 seeds per acre

2-ft grid, side-dressed at time
of planting with 40g/ hilt

2 applications at a rate of
600 lb/acre for each

broadcast seed plus
cultivation

2-ft grid using a mechanical
auger to drill holes. A fully
mechanical operation will require
approximately one-half the time.

2-ft grid, each transplant’
at the time of planting

post-planting

monthly maintenance work during
May through October. For mater-
1als estimate, assume that 20% of
the site will have to be revege-
tated due to transplant mortali-
ties or unsuccessful seeding
results.
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Some items that will add cost to the
estimate are:

lack of direct accessibility
to the site

inability to use conven-
tional equipment
planting under water
profit

overhead (including
bonding and insurance)
down time due to weather
and water level or tide
conditions

equipment (tractor, culti-
vation, mechanical
planting)

- per diem

guarantee (in addition to
the period of mainte-
nance) _

union labor required (or
the payment of prevailing
wages plus benefits),

Generally, the larger the pro-
ject the lower will be the per acre
cost. Material costs will be dis-
counted and mobilization costs
will comprise a smaller percent-
age of the total cost.




6. Factors
Limiting
Success

Factors that have been found
to limit the success of wetland
establishment projects are:

® improper final grade
e improper wetland plant
species
e restricted tidal flow tosite
or inadequate water level
control
e improper timing for
incorporation of the spec-
ified plant matertals
® crosion
® landscape contractor
{poor labor and/or plant
materials)
® vandalism
® depredation by wildlife
and livestock
e development of a salt
stress zone
® litter deposition and
accumulation.
Most of these factors have been
mentioned previously. The first
six may be traced to imperfec-
tions in project design, specifica-
tions, execution, and/or
. inspection (control).

Vandalism usually consists of
the pulling out of transplants and
the destruction of fences. It is
most likely to occurin highly pop-
ulated areas. There is no ready
control of vandalism; however,
local police should be notified and
possibly signs should be erected.

If regional populations of
migratory or resident geese and
brant are known to be high and if
there is evidence in the area of
wildlife or livestock foraging in
wetlands, the new wetland area
may have to be enclosed by a
fence to temporarily exclude
these animals. Animals are drawn
to isolated clumps of vegetation,
and a newly planted area is more
vulnerable to depredation than
one that is uniformly vegetated by
mature and well-established
plants. Consequently, such pro-
tection may be required for about
two years.

Geese normally do not alight in
tall stands of vegetation. They
alight in open water and then
swim into a wetland, feeding on

the wetland edge and working
landward. Protecting this edge
often will be sufficient to protect
the wetland. A fence along the
seaward edge of the vegetation,
that comnsists of posts connected
by nylon line (ca. 1/8™) rails
spaced every 6 (six) inches from 6
(six) inches above the low water to 6
(six) inches above the high water
elevations, has been found to be
effective in exluding geese from new
wetland areas. Such a fence is inex-
pensive and can be rapidly installed
and easily maintained.

In the development of new salt
marshes, the area from Mean
High Water up to the one-year
storm water elevation may devel-
op into a salt stress zone where
vegetative establishment is se-
verely limited. The problem arises
because much of this zone is
flooded several times monthly by
spring tides and the balance of it
is flooded occasionally by storm
tides. During the time between
flooding, evaporation of water
leads to increases in substrate sal-
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A site may be protected against waterfow!
depredation by installating an inexpensive
nylon line fence. More substantial fences
may have to be used to exclude larger
animals.

inites. As this occasional flooding
by saltwater repeats, salt concen-
tration in the substrate may build
up at a more rapid rate than that
of salt leaching by rain. In such
instances substrate salinities may
develop that are toxic to trans-
plants of salt marsh vegetation.!

A salt stress zone is most likely
to develop when (1) water salini-
ties exceed 10 parts per thousand,
{2) salt marsh as opposed to
upland surrounds the new
wetland, and (3) the substrate is
sandy as opposed to muddy or
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Floating litter and debris can be exluded
from a new weiland site.

peaty. Vegetative establishment
throughout the salt stress zone is

facilitated by (1) transplanting as

opposed to seeding, {2) prevent-
ing saltwater inundation until the
transplants are established or
transplanting vegetation before
the substrate becomes contami-
nated by salt, (3) planting deep
(5-6 inches) in order to introduce
transplants to lower salinity sub-
strates (substrate salinity de-
creases with increasing depth),
and (4) conditioning the plant
materials to increasing water

salinities (up to 35 parts per thou-
sand maximum) prior to trans-

planting. If transplants
throughout the salt stress zone
are alive and growing 30 days
after planting, further buildup of
salt in the substrate will retard
plant productivity and the rate of
vegetative spread, but normally
will not lead to transplant
mortality,

!f the conductivity of the supernatant liquid
after one part of ovendry substrate (3-inch
deep sample) is thoroughly mixed with two
parts of distilled water at 72°F is 3,000 mi-
cromhos or greater, vegetative establishment
may not be possible.
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The deposition and accumula-
tion of litter and debris through-
out wetland areas may be a
perennial problem, especially in
industrialized and highly popu-
lated areas. The period of estab-
lishment program will temporar-
ily take care of this problem;
however, if the problem is
expected to be potentially
serions, a wetland should be
designed that is relatively mainte-
nance free. Two general solutions
to this problem are to (1) exclude
litter from the site and (2) collect,
and export litter from the site.

Permanently excluding most
litter and debris from a new
wetland area may require the con-
struction of a low profile bulk-
head or stonerevetment along the
seaward edge of the project. The
structure need only be con-
structed to such a height that dur-
ing average conditions water does
not overtop it. Culverts passing
through the structure to permit
unrestricted flow of water to and
from the wetland should have the
secaward ends below water under
normal conditions in order to pre-
vent the entry of floating materials.

An alternative method to pre-
vent the accumulation of litter
and debris in tidal wetland areas
is to construct a tidal ditch
throughout the litter corridor (in
salt marsh areas this corridor also -
corresponds to the potential salt
stress zone). Such a ditch willcol-
lect litter and debris during flood
tides and export some of these
materials during the ebb tide.
Materials that are not exported
will be contained in the environs
of the ditch and will be subject to
more rapid decomposition thanif
the materials were deposited
throughout drier elevations of the
site.

In addition to performing this
practical function, the introduc-
tion of tidal ditches in a new
wetland area will (1) facilitate
water flow and nutrient exchange
throughout the wetland, (2)
increase the habitat diversity
through providing an increased
edge effect, and (3) minimize the
successful breeding of mosqui-
toes through facilitating the
drainage of the siteand importing
fish that feed on mosquito larvae.
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7. Summary

Most construction in wetlands
is regulated by federal and state
laws. The unavoidable involve-
ment of wetlands by a proposed
construction activity may be per-
mitted provided that (1) suchcon-
struction is judged to be in the
public interest and (2) an accepta-
ble plan to mitigate wetland losses
is proposed by the applicant. A
central component of the mitiga-
tion plan is compensating (off-
setting) unavoidable wetland

- losses.

This manual reviews concep-
tual alternatives for compensat-
ing unavoidable wetland losses by
proposed highway projects.
Because most compensation mea-
sures involve wetland establish-
ment the manual describes the
known techniques for establish-
ing wetlands as well as the factors
that may limitsuccess. Italso pro-
vides general specifications and
costs for wetland establishment.

A separate section on Target'
Perennial Wetland Plants is pro-
vided to assist the landscape
design of proposed compensation
measures. This section initiates
the more technical and less quali-
tative half of the manual. This
and later sections are intended to
be utilized primarily by the tech-
nical personnel of state depart-
ments of transportation. Earlier
sections of the manual are more
qualitative and graphical and are
intended to be meaningful to all
personnel of state departments of
transportation.
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Appendix A
Commercial Sources for Plant Materials ¢

Environmental Concern Inc., P.O. Box P, St. Michaels,
MD 21663

Gardens of the Blue Ridge, P.O. Box 10, Pincola, NC
28662

Horizon Seed Co., 1540 Cornhusker Highway, Lincoln,
NB 68500

Horticultural Systems, Inc., P.O. Box 70, Parrish, FL
33504

Kesters Wild Game Food Nurseries, Inc., P.O. Box V,
Omro, WI 54963

Lilypons Water Gardens, Lilypons, MD 21717
Mangelsdorf Seed Co., P.O. Box 327, St. Louis, MO
63166

Mangrove Systems, Inc. 504 S. Brevard Avenue, Tampa,
FL 33606

San Francisco Bay Marine Research Center, § Middle
Road, Lafayette, CA 94549

Sharp Bros. Seed Co., Healy, KS 67850

Slocum Water Gardens, 1101 Cypress Gardens Road,
Winter Haven, FL 33880

Stanford Seed Co., 809 N. Bethlehem Pike, Spring
House, PA 19477

Stock Seed Farms, Inc. R.R. Box [12, Murdock, NB
68407

Van Ness Water Gardens, 2460 Euclid Avenue, Upland,
CA 91786

Wildlife Nurseries, P.O. Box 2724, Oshkosh, WI 54901
Wm. Tricker, Inc.., 74 Allendale Avenue, Saddle River,
NJ 07458

a) The listed sources may not include all existing
ones; however, an effort was made to include all
known sources al the time of writing.
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