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WETLAND HABITAT DEVELOPMENT WITH DREDGED MATERIAL:

ENGINEERING AND PLANT PROPAGATION

PART I: INTRODUCTION

1. Marsh development refers to the establishment of relatively

permanent nonwoody wetland plant communities. The use of dredged mate—

rial as a substrate for marsh development offer~ a disposal technique

that is, in many situations, a feasible alternative to more conventional

open—water, wetland, or nonwetland disposal options.

2. Marsh development was the subject of an intensive research ef-

fort within the Dredged Material Research Program (DMRP), and reliable
- • techniques were evolved to plan, design, cost, construct, plant, and

maintain these systems. A wide variety of studies conducted under the

DMRP are pertinent to marsh development and are listed in Appendix A.

The cornerstone of this DMRP effort was the series of studies at field

sites located at Windmill Point, James River , Virginia (Figure 1);
Buttermilk Sound, Atlant ic Intracoa sta l Wat erway , Georgia (Figure 2);
Apalachicoj.a Bay, Florida (Figure 3); Bolivar Peninsula, Galveston Bay,

Texas (Figure 14) ;  Salt Pond No. 3, South San Francisco Bay, California
(Figure 5); and Miller Sands, Columbia River, Oregon (Figure 6).

3. Experience and data obtained from DMRP marsh development

studies and from pertinent literature are synthesized in this report.

Instructions and advice are provided for planning, building, and manag-

ing a marsh development site. Other DMRP synthesis reports of particu-

lar significance to marsh development are “An Introduction to Habitat

Development on Dredged Material” (Smith 1978), which presents a routine

for habitat selection, and “Upland and Wetland Habitat Development with

Dredged Material: Ecological Considerations” (Lunz et al. l978a), which
• discusses the theoretical concepts of habitat development.

6
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a. An aerial view of the 8—ha freshwater marsh aeveloped
on fine—textured dredged material confined by a sand dike

• 

I. 

• 

S

b. Within 6 months of dredged material placement a lush
growth of wetland plants had established by natural

colonization

Figure 1. Windmill Point marsh development site, James
River , Virginia
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a. The si~ was fofme2 by grading this sandy dredged ma—
terial island to achieve a 2—ha intertidal area
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b. The intertilal area wa.~ plant ed to test seeds and
spri gs of seven plant spr~-ies at five fertilizer

rates and three intertidal elevations

Figure 2. Buttermilk Sound marsh development site , At—
lantic Intracoastal Waterway, Georgia
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a. A salt marsh was established on poorly consoli-
dated fine—textured dredged material confined behind

an earthen dike on this dredged material island
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b. Vigorous growth was obtained from
sprigged smooth cordgrass and salt—

meadow cord grass
Figure 3. Apalachicola Bay marsh development site,

Apalachicola Bay, Florida
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PART II : PLANNIN G

14. Marsh development on dredged material may be one or more of the

following:

a. A planned method of dredged material disposal for a dredg-
ing project , as an alternative to open-water or nonwetland
disposal.

b. A means for mitigation of impacts from a concurrent or past
form of dredged material disposal.

c. A method to reclaim or develop an existing disposal site
to increase its value.

d.. A method to restore a marsh that has been damaged or to
protect a marsh or shoreline that is eroding.

5. Situations and locations for marsh development are highly

variable. Marsh projects may be a fringe along a canal or cover several

square kilometres in a river delta; they may be high or low in eleva-

tion; exposed to extremes of tides , floods, and winds , or protected;

saltwater, fresh, or brackish ; homogeneous or diverse in species corn—

position. A project may involve only intertidal habitat development

but can be associated with upland, island, or aquatic habitat develop-

ment as well. Project size will vary, depending on the amount of fill,

size of available site, and periodicity of dredging.

6. Because of this variability , the planner will need to examine

each project on a specific basis so guidance on project planning in

this report is necessarily general. Separate reports have been pre—

• pared on D~~P marsh development sites and may be useful as examples

(Allen et al. 1978, Clairain et al. 1978, Cole 1978, Kruczynski et al.

1978, Lunz et al. 1978b, Morris et al. 1978, Palermo and Zeigler 1977,
and Vincent 1978).

Site Selection

7. The site for marsh development may be selected for its suit—

ability and potential after eliminating alternate sites, or the choice

of sites may be limited or nonexistent. If more than one potential

12
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site exists , the following criteria should be considered for site

selection :

• a. Availability for disposal and/or development. Questions of
ownership and di sposal agreement s thr ough lease, easement ,

• purchase and removal of fill , land u:;e understandings , or
scheduling arrangements must be addressed and resolved.

b. Capacity to meet disposal needs. The area must be large
enough to hold the volume of material to be dredged ,
whether one—time or rI L’at~ d dirao~al ir planned.

c. Proximity to dredg ing project .  Thi:~ relates to the method
of dredging and capabili ty of the dredi~ - . ~ost habi ta t
development sites will b~ c : ~~t ruct ’~ i w I t :~ hydraulic
pipeline dredges , which hav~ im itation : of distance and
height to which material caic he pumped without  the  expense
of a booster.

d. Physical and engineering 11~atw - c.~~ Information for pre—
liminary design and asses :monct of t ii ’ n~ :1: and availabil—

• ity of materials and equipment i: needed for site selec-
tion. Detailed tests such as anal’r:e: of’ foundation
borings are expensive and time—conswniai- , so they are
generally performed only at the selected site.

e. Environmental and social acceptability. Acceptability
includes judgment on such factors as alteration of or
impacts on existing habitat , relative value of habitats
under consideration , protection of wetlands or other
desirable vegetation, potential for disturbances in water
quality or flow, and human perception of the project.

f. Tidal and current considerations. Erosion and scour of
habitat areas caused by tidal and wave energies are impor-
tant considerations for determining the longevity and
stability of containment structures and habitat c]evelopment .
Interruption of current patterns and changes in the hydrau-
lic regime likely to result from dredged material placement
should be examined.

8. The primary criterion is feasibility of marsh development at

the site. Feasibility is determined from the above factors, the

severity of problems likely to be encountered , and level of effort

required for a successful project.  A project will be infeasible if

either engineering, biological , or socini aspects are unsuitable or

untreatable. If this is the case , either another site must be selected

or another alternat ive for dredged material disposal must be found

( Smith 1978).

13
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9. Guidance provided in SCS Engineers (1977 ) on site selection

for inland dredged material disposal includes an extensive checklist

that would be useful on any project . The site selection process is

illustrated in U. S. Army Engineer District , San Francisco (197 14).

Further sources of information on site selection are Coastal Zone Re-

sources Corporation (1976), Garbisch (1977), Johnson and McGuinness

(1975), and Kadlec and Wentz (19714).

Site Characterization

10. After a site for marsh development has been designated, field

and laboratory investigations of the site and related areas should be

initiated to plan disposal and/or habitat development operations. If

the site is an old disposal area to be reclaimed, it and the surrounding

area should be described physically and biologically to determine neces-

sary action. If dredging and disposal operations are involved, it will

be n ecessary to add information related to the site’s capacity , need for

and design of a protective or retention structure, and construction

details. This information should be collected in conjunction with

characterization of the sediments to be dredged. Coordination among

individuals involved in planning the project will improve data gathering

efficiency by eliminating overlap in activities such as sampling and

map preparation.

11. With an aerial photograph , topographic map , or diagram as a

base , record the site ’s location in relation to the dredging project ,
other aquatic areas , wetlands , upland areas , and obvious topographic

features such as hills or a river bluff .  Note cultural points such as
areas for housing, transportation, industry , agriculture, water treat—

• ment, and recreation. Mark access routes , both land and water , and rate

them in relation to their ability to transport equipment. Use the

same scale for all features to show their relationship. Aerial recon-

naissance is a good way to become oriented and may reveal features that

are hidden from a ground view.

12. Record details of the site such as dimensions , configuration,

• 114
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bathymetry , topography , and elevation. Include mention of dikes ,

mounds, or other evidence of previous disposal. Note areas of debris
• accumulation and indications of nearby human activity such as a boat

dock, cabin, foot trail , or livestock . See Mosby ( 1969 ) and Maire et al.

[1976?] for techniques on reconnaissance mapping.

13. If the substrate is to be covered with dredged material, give

a general evaluation of soils on the site: texture, color , and organic

matter content . If the substrate already in place is to be used for

marsh development , soil analysis should be conducted since soil proper-

ties influence the choice of species and potential success of vegetation

establishment. Soil analyses should include particle size, available

nutrients, pH , salinity, organic matter , and contaminants , if suspected

to be present (heavy metals , pesticides , oil and grease , e tc .) .

114. Existing plant and animal species at the site should be de-

scribed , especia1~y occurrence of wetlands. Map vegetation composition

and distribution , either from visual estimation or sampling. DeVos and

Mosby (1969) described levels and methods of mapping and vegetation

analysis that will be suited to site description. A good general refer-

ence is Chapman (1976). Sampling methods are not standardized but must

be tailored to the type of vegetation, area l extent of  habitat , and
level of information required. Note the specific location of any plants

protected by law. A botanist familiar with the area should be consulted

for species verification; regional field guides such as Pierce (1977)

and Silberhorn (1976) will be helpful.

15. Current wildlife use of the site should be determined through

observation of sign such as tracks or browse marks, actual observations,

or some form of sampling. A wildlife biologist familiar with the area

can estimate wildlife use of the site and should be consulted about the

presence of threatened , rare , or endangered species . Contact the

appropriat e Regional Endangered Species Coordinator of the U. S. Fish

and Wildlife Service (Table 1) for updated information on Federally

protected species and their habitats. See Coastal Zone Resources

DIvision (1978) for a partial list of state publications on protected

species , or contact the appropr iate stat e ’s department of wildlife and
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fisheries or natural resources. Determine the potential presence of

species such as Canada geese* that may feed on newly planted marsh

plants. See Murie (19514) for a guide to animal signs and Giles (1969)

and the 1979 fourth edition for various field techniques on wildlife

surveys. Techniques will vary with the type of wildlife present.

16. Invertebrates on the water bottom that may be covered during

habitat development activities should be described by species composi-

t ion , abundance, and distribution. References such as Frey et al.

(1973), who sampled salt marsh benthos and burrows, Little and Quick
(1976), who described a reconnaissance technique for oysters, and Wolf
et al. (1975), who described sampling for fiddler crabs in salt marsh,

should be consulted for sampling techniques. A general reference for

- 
- field surveys of aquatic organisms is Weber (1973).

17. Characteristics of the water that will be flooding the marsh

must be described. Record tidal fluctuation means, minima, and maxima;
water salinity; freshwater flows; and drainage patterns.

18. Description of the site for engineering purposes includes

laboratory and field investigations of substrate conditions in the area

of the new marsh and under the line of any retaining or protecting

structure that may be required. It also includes analysis of stability

and strength of any existing structures and measurement of the stress

those structures will receive. Refer to Part III for further details.

19. Related areas to be described include uplands associated with

the proposed marsh development , existing wetlands in the vicinity, and
the waterway or harbor to be dredged or other source of sediments.

Adjacent habitats should be included in the site description to:

a. Identify a potential source of plant and animal colonizers.

b. Relat e the site to other habitat s with which it interacts.

c. Determine any adverse impacts that can be avoided or situ-
ations that might influence acceptability of the project.

These areas may ordinarily be sampled with less detail than the site

* Common and scientific names of plants and animals are given in
Appendix B.
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itself , with plant species composition and relative distribution or

perhaps only the dominant species recorded. Areas of wetland vegetation

up to 5 km away should be considered , since they may serve as a source

of propagules for natural or intentional plant establishment. A general

description of wildlife use of adjacent arid nearby habitat s will iden-

tify potential colonizing species , both desirable and pestiferous .

Examine sites from the viewpoint of animal movement potential ; e.g. ,

corridors of vegetation or water , distance from sim i lar habitats ,
migration routes, and barriers to movement . Areas that might be ad-

versely impacted by habitat development activities (such as a wetland

that will be crossed by a disposal pipe or the nest site of an endan-

gered species that should not be disturbed by operations during the

breeding season) should be located. Residential or other developed

areas and their locations relative to the site should be noted.

20. Data on water energy should be part of the site description

if the site might be affected by wind and ship waves , flooding, tides ,
or currents. This information is used to estimate wave runup, dike

freeboard requirements, erosion potent ial , and construction difficulties.
The key tidal relationships in establishing and maintaining habitat are
the elevation of the water relative to the land , the range of the tidal

fluctuation , and the force of the tidal change . Tidal ranges are

readily available ~‘rom the U. S. Geological Survey.

21. The source of the sediments should be surveyed to determine
the volume of sediments to be moved, and sampled to provide material

for engineering and soil laboratory tests. See Part III for details.

Samples to determine suitability of the sediments for plant growth

should be analyzed for particle size , sulfates , salinity,  organic matter ,

and suspected contaminants. Samples for contaminant analysis should be

taken in an oxygen—free atmosphere and frozen to prevent chemical

changes.

Goal Definition

22. Although the overall objective of marsh development may be
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understood, a concept of the most appropriate type and configuration

of marsh to be built in any one situation is needed. This concept

should be formulated by consideration of upland and aquatic habitats

associated with the marsh , as well as human-related influences . To

better define his habitat development goal, the planner should consider

ecological principles, local and regional needs and opportunities,

target species needs, available funding, and site— or project—specific

constraints. Refer to Hunt et al. (1978) and Lunz et al. (1978a) for

suggestions on goal definition.

23. Examples of goals associated with marsh development projects

are : stabilization of newly placed or eroding substrate , improvement

of water quality, provision of refuges for fish and wildlife , and

increase in biomass production and export . To meet the project goal ,

the planner will need to be aware of the characteristics, attributes ,

and tolerances of marsh plant species that may be propagated in an

area , and select the appropriat e ones.

2 14. As project planning advances , it may be necessary to modify

the goal to allow it to remain compatible with the project and site

characteristics. Flexibility in this matter is important to the success

of the project .

Potential Problems

25. The planner should be aware of regulations, problems, or
delays that may surface during some phase of the project . Many poten-

tial problems can be averted with additional coordination or preventa-

tive action such as public meetings, discussions with special interest

groups , or meetings with local officials and state and Federal agencies.
1~eports on productive uses of dredged material besides habitat develop—

ment provide a good review of constraints the planner might encounter
(Gushue and Kreutziger 1977, SCS Engineers 1977 , and Skjei 1976).

26. A number of Federal laws such as the 1969 National Environ-

mental Policy Act , 1972 Federal Water Pollution Control Act Amendments,

and 1973 Endangered Species Act apply to dredging and disposal and

therefore to most habitat development projects. Summaries of these laws

18



are found in U. S. Department of the Interior (1976) and various Corps

of Engineers regulations. State and local laws may include zoning

regulations, lists of protected plant and animal species , or restrictions
on collection or propagation of certain plant species. Critical Habitat

designation by the U. S. Fish and Wildlife Service may affect activities

at the site.

• - 27. Obtaining permission to deposit dredged material and to use

H access routes may be difficult or time—consuming. Local needs, desires ,

land uses, and conflicts of interest with special groups or local citi-

zens may exclude habitat development as a means of dredged material

disposal. Location of and ease of access to a marsh site will determine

the amount of pressure or stress put on the site by people, and may

have to ‘be controlled in some locations or at some times of the year.

28. Ownership and/or responsibility for the condition of the

developed marsh must be determined. If ownership is fixed, some flexi-

bility exists in goal definition. Disposal areas are often leased,

however , or turned back to the owner after filling. Only short—term

development or that specified by the owner may be possible. In addition ,

state laws on ownership of intertidal lands are variable.

29. The site may have to accommodate several disposal operations

over a period of time ; habitat development will then be either cellular

or sequential. Additionally , the dredging and disposal operation itself

is often unpredictable, so that project plans may have to be altered

rapidly.

30. Lack of authorization for habitat development within the

overall project may mean a lack of funds. If a funding base exists , it

may be inadequate, unpredictable, or restricted in some fashion, which

will restrict habitat development potential. Consider these questions :

a How much money is available?

I. When will it become available?

e. Over what period of time is the money available?

d. How certain is the funding?

e. Are there items for which it cannot be used?

1’. Are there time limits on its expenditure?

19
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PAR T III : ENG INEERIN G

Field and Laboratory Investigations

31. Field investigations and laboratory tests required for sedi-

ment characterization and substrate design in marsh habitat development

are similar to those required for design of conventional dredged mate-

rial disposal areas. The term “substrate” here refers to the dredged

material upon which a marsh will be developed. The elements of sub-

strate design include configuration , elevation , protection , and reten-

tion. Required field investigations and laboratory tests as they per-

tain to habitat development in salt or freshwater sites are outlined

below. More detailed descriptions of certain procedures are contained

in Palermo et al. (1978), which is considered a necessary companion to

this report.

Channel investigations

32. The area to be dredged or from which fill will be brought

must be surveyed to determine the volume of material to be made avail—

able for marsh habitat development. Samples of the material to be

dredged are required for laboratory tests used in design of the sub-

strate. The level of effort required for channel sediment sampling for

habitat development is highly project—specific. In the case of routine

maintenance work , data from prior sampling and experience with similar

material may be available and the scope of field investigations may be

reduced. For larger maintenance projects or new work projects, more

extensive field investigations will be required. Procedures for deter-

mining sample type and location, sample quantities required, sample

preservation, and for using sediment sampling equipment are described

in Palermo et al. (1978).

Site investigations

33. Field investigations should be conducted at the potential

habitat development site to determine bottom topogra phy ,  evaluate the

water energy conditions , and characterize the ‘bottom materials. The

scope of these should be tailored to the amount of existing data and
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the stage of the project. In the site selection phase, adequate infor-

mation can frequently be obtained from existing data, or limited field

sampling may be required. From these data, alternative sites may be

compared , and a preliminary design and costing of the most promising

sites may be completed and used for site selection. A more thorough

engineering data collection effort  at the selected site is required for
detailed design .

314. Bottom topography. Accurate (+3.0 cm) soundings should be

made throughout the site. These data will allow construction of bathy-

metric plan maps used to assist in design of the substrate and reten-

tion structures, and in computation of the potential storage capacity

for various configurations of the substrate. Knowledge of bottom topog-

raphy is essential, even in the feasibility study stage , to allow the
selection of an appropriate site.

35. Evaluation of the water energy regime. Historical data

should be gathered on wind and ship waves, water surface elevation

( surge hei ght , flood stage),  and river or estuary currents. These data
are required to estimate wave runup , dike freeboard requirements , ero-
sion potential , and construction difficulties (Eckert et al. 1978).
Historical data may be supplemented by direct measurement of currents,

wind fetches, and normal water level fluctuations and by observation

and sampling of existing shorelines at the site. Much information re—

• garding tides and currents may be available from records developed for

nearsite locations and should be supplemented with onsite measurements.

Stable shorelines adjacent to or near the site should be sampled for

later determination of grain size of the shore material. Existing

slopes of stable shorelines should also be noted. Detailed guidance

on techniques for measurement and observations used in characterizing

the water energy regime can be found in the Shoreline Protection Manual

(U. S. Army Coastal Engineering Research Center 1977).

36. Substrate foundation investigations. These investigations

must be performed at the habitat development site to define substrate

foundation conditions and to obtain samples for laboratory tests. Data

are needed to estimate potential foundation settlement due to placement

21 
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of the substrate and , in the case of confined disposal , to design the

retention structure. Grab samples of bottom materials at potential de—

velopment sites should be taken for feasibility study purposes in a

similar manner to that described in Palerxno et al. (1978 ) for “annel

sediments. This will allow general classification of the bottom stir—
face materials and will aid in the selection of boring locations .

37. Substrate foundation borings should be made from boats o~-

barges using conventional soil sampling techniques and equipment (Office ,

Chief of Engineers 1972, and Hammer and Blackburn 1977). These opera-

tions are expensive and time—consuming ; therefore , foundation boring

programs are generally conducted only for detailed evaluation of a spe-

cific site. Boring requirements are dependent upon the size of the

project and upon the foundation conditions existing at the site. It is

particularly important to define depth , thickness , extent , and composi-

tion of foundation strata and to obtain undisturbed samples of compres-

sible foundation soils. If the channel sediments to be dredged are to
be confined , the substrate foundation investigation must pro~ride data
for design of the retention structure. This will require that founda-

tion ‘borings be made along the approximate alignment of the retention

structure.

Laboratory testing

38. Laboratory tests to characterize the dredged material , deter-

mine the placement of the marsh substrate, and, design retention and

protective structures are outlined below. Detailed soil testing proce-

dures for the design of retention and protective structures can be

found in Hammer and Blackburn (1977 ) and Office , Chief of Engineers

(1970). Sediment characterization tests and sedimentation tests used

for substrate design are identical with those developed for design of

conventional land—based dredged material containment areas and discussed

in Palermo et al. (1978).

a. Sediment characterization tests. Sediment characteriza—
tion tests are needed to determine the need for substrate
retention/protection and to design the substrate. Sam—
pies that are mixtures of coarse— and fine—grained mate—
rial must be separated prior to characterization testing.
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Tests required on fine—grained sediments include natural
water content, Atterberg limits, organic content , and
specific gravity. The coarse—grained sediments require
only grain—size analysis. Results of these tests can be
used to classify the sediments according to the Unified
Soil Classification System (U. S. Army Engineer Waterways
Experiment Station 1960). In addition , near—bottom water
samples from the area to be dredged and from the habitat
development site should be tested for salinity to deter-
mine if the sedimentation environment will be salt or
freshwater. Detailed test procedures are presented in
Palernio et al. (1978).

‘b. Sedimentation and consolidation tests. If the sediments
to be dredged contain fine—grained material, a retention
structure may be required to prevent material loss and
excessive turbidity during placement. Sedimentation and
consolidation tests are required to pro”ide information
on the behavior of fine—grained sediments placed within
confined conditions. These tests will provide data for
designing the containment area to meet effluent suspended
solids criteria and to provide adequate storage capacity
for the dredged material composing the marsh substrate.
Detailed descriptions of test procedures and equipment
for sedimentation and consolidation tests are found in
Palermo et al. (1978). If the substrate is to be devel-
oped using coarse—grained material, these tests do not
need to be performed.

c. Foundation soils tests. The scope and magnitude of the
laboratory testing program for foundation soils will de-
pend on the requirements for confinement and the com-
plexity of the foundation conditions. The number and
types of laboratory tests to be performed in connection
with the design of the substrate and retention structure,
if any, should be determined only after a careful study
of foundation conditions as indicated by borings. If
dikes are being considered for the retention structure,
the proposed diking material should also be tested.
Tables 2 and 3 present the various tests that may be in-
cluded in a laboratory testing program for fine—grained
and coarse—grained soils, respectively. Not all tests
described in the tables are required for a given project.
More detailed information regarding laboratory testing
for foundation soils is contained in Hammer and Blackburn
(1977) and Office, Chief of Engineers (1970).

Engineering Aspects of Substrate Design

39. Design of substrate for marsh habitat development con sists of
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defining elevation , slope , shape and orientation , and size ( area arid vol-

ume). The design must provide for placement of the dredged material

within the desired limits and required elevations , allowing for settle—

ment due to consolidation of dredged material and foundation soils. Ade-

quate surface area or detention time must be provided for fine—grained

sediments to allow settling of suspended solids in order to meet efflu-

ent criteria during construction. Various aspects of substrate design

are discussed below. Procedures are equally applicable to both salt-

water and freshwater sites.

Elevation control requirements

140. The most critical aspect of a marsh development project is

usually attainment of a precisely defined stable elevation. Unconfined

‘I substrates, normally developed with coarse—grained dredged material,

will not undergo significant settlement due to self—weight consolidation.

However, settlements due to consol idat ion of compress ible foundation
soils may occur. Confined substrates are normally developed with fine-

grained dredged material, and significant settlements of confined sub-

strates may occur due to self—weight consolidation. In addition, set—

tiements due to consolidation of compressible foundation soils must be

considered.

141. One—time construction of confined substrates presents the most

critical requirement of prediction of settlements, since the initial

placement of dredged material must be such that a final elevation within

acceptable limits is achieved. Since the substrate surface cannot be

raised by later placement of additional material, the design must include

predictions of settlement to be expected. In incremental construction,

the substrat e surf ace elevation is ra ised by supplemental placement of
dredged mater ial and an exact predict ion of  settlement f or initial layer s
is not required. Field experience gained by observation of settlement

behavior of the initial dredged material layer may be used to aid in

prediction of settlement of subsequent layers.

142. Elevation control requirements are presented in the following

discussion. The procedures generally resemble those required for design

of land—based dredged material containment areas. More detailed

214
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information is contained in Palermo et al. (1978).

a. Correlate sediment volumes with substrate volumes. The
determination of substrate elevation and configuration is
governed by either of two constraints, illustrated in
Figure 7. Under the conditions of the first constraint ,
the project requires placement of a given in situ channel
sediment volume, and the required volume occupied by the
substrate must be determined. Under the conditions of the
second constraint , the project requires that a substrate
be constructed within given limits. The volume of in
situ channel sediment required to con struct the substrate
must be determined. Estimates of substr&e and sediment
volumes can be made using the techniques ar~ examples
outlined in Palermo et al. (1978). In unconfined sit-
uat ions , little, if any, fine—grained sediment present
will be retained in the substrate. Therefore, the total
substrate volume will be equal to the volume of coarse—
grained sediment. If the substrate limits are con-
strained, the total volume occupied by the substrate may
be directly computed using the bottom topography data
collected by field surveys. This assumes dredged material
was placed to the mean high water (MIIW) elevation (one-
time construction) or assumes incremental elevation (in-
cremental construction).

If the substrate limits are constrained , a correlation
between the in situ fine—grained sediment volumes and
volumes occupied by the substrate must first be deter-
mined. Only the fine—grained sediment will undergo a
significant change in volume when placed in the contain-
ment area. The coarse—grained sediment may be assumed
to undergo negligible change.

b. Determine surface area and configuration. If the sub—
strate limits are constrained , surface area may be deter—

• mined directly. If not, an initial surface area may be
determined by examining total volume occupied by the sub-
strate and the bottom topographic survey data at the pro-
posed site. The optimum substrate limits may be deter-
mined based on existing depths and the total volume
requirement. Maximum use of existing topographic features
should be made to reduce retention and protection require—
ments as much as possible. An initial assumption of ma-
terial placement to the MHW elevation should be used in
determining approximate surface area requirements.

e. Determine average substrate lift thickness. Examination
of the bottom topographic data within the substrate limits
will allow determination of an average substrate lift
thickness (the average thickness of dredged material at
the completion of dredging). This figure may also be
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a. CONSTRAINED IN SITU CORRELATED A REQUIRED A REA/VOLUME
• VOLUME TO BE TO OF SUBS TRATE

DREDGED
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VOLUME TC BE TO AREA/VOLU ME OF

DR EDGE D SUBSTRATE

Figure 7. Correlations between channel and ‘substrate volumes
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found by dividing the total volume occupied by the sub-
strate by the surface area.

d. Estimate settlements. Settlements of the substrate sur-
face will occur following completion of the dredging
operation due to self—weight consolidation of the dredged
material layer and/or consolidation of compressible founda-
tion soils. Settlements may be estimated by examination
of the changes in void ratio due to the imposed loadings.

• Detailed procedures for estimation of settlements are
presented in Palermo et al. (1978).

The self—weight loading of dredged material can be assumed
equal to the effective stress at midheight of the layer
due to buoyant weight of the overlying material. Loading
of foundation soils is equal to the effective stress
caused by buoyant weight of the entire dredged material
layer. The loadings vary directly with the thickness of
the dredged material layer.

Loadings are also affected by total ponding depths and by
tidal fluctuations; however, the entire substrate should
be assumed flooded to simplify calculations. The average
dredged material layer thickness may be used in estimating
loadings.

Time rates of consolidation for both dredged material
layers and foundation soils are required to determine the
relationship of substrate elevation with time.
Consolidation—time data obtained from consolidation tests
on channel sediment samples and foundation soils are used
to develop the time rates of consolidation . Plots of the
settlements versus time may then be constructed for each
layer as shown in Figure 8.

e. Compare with elevation requirements. The settlement ver—
sus time data must ‘be compared with elevation requirements
for substrate establishment. The plot of average sub-
strate elevation versus time may be developed using the
settlement data as shown in Figure 8. The ultimate set-
tlements at 100 percent primary consolidation can be used
to estimate the ultimate substrate elevation. For one-
time construction , these data may be directly compared
with the MHW and mean low water (MLW) elevations and the
time requirements for initial establishment of vegetation

-
• as determined by project requirements. For incremental

construction , the data may be compared to the interim
elevation requirements.

If the data reveal that settlement will not meet require—
ments for substrate establishment, an adjustment to the
substrate configuration must be made. If settlement falls
above elevation requirement s, the initial substrate eleva-
tion at completion of dredging must be decreased. If
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settlement falls below elevation requirements, initial
elevations must be increased. In the case of a con-
strained volume to be dredged, the proposed limits of the
substrate may be adjusted. Settlement may then be recom-
puted and comparisons again made with elevation require-
ments. In this way, the optimum dredged material sub-
strate elevation at completion of dredging may be
determined.

Design for sedimentation

143. Confined substrates comprised of fine—grained dredged material

must be designed for retention of the solids by gravity sedimentation

during the dredging operation. Design for sedimentation is directly

affected by size of the containment (area and volume), inflow rate (a

function of the dredge size), operat ional condit ions , physical proper—
ties of the sediment , and salinity of the dredging environment. Design

procedures are available that provide for determination of the respec-

t ive surfac e area or detent ion t ime required to acco modate cont inuous
dredged material placement . Factors influencing hydraulic efficiency of

• the substrate containment must also be evaluated to include effects of

short—circuiting, ponding depth , ‘weir placement , and shape of the

28 
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containment . Detailed procedures are outlined in Palermo et al. (1978).

1414. If the substrate containment does not provide for adequate

sedimentation within the project constraints, the following alternatives

may be considered :

a. Increase the substrate containment size.

b. Decrease the disposal rate by using a smaller dredge.

e. Increase settling time by using intermittent operations.

Weir design

145. Retention structures used for confined substrates must provide

a means to release carrier water from the disposal site. This is best

accomplished by placing a weir structure within the substrate contain-

ment. The weir structure must be designed to provide the capability of

selective withdrawal of the clarified upper layer of ponded water within

the containment without excessive resuspension and withdrawal of the

settled solids. Weir design is based on the assumption that sufficient

surface area or detention time has been provided for sedimentation and

that short—circuiting is not excessive. Weir design procedures are

described in Walski and Schroeder (1978).

Guidelines for Substrate Retention
and Protective Structures

Requirements for
retention and protection

146. Site hydraulics and sediment properties determine the need for

retention and protective structures at marsh development sites. These

sites may require structural protection from erosion caused by currents,
• waves , or tidal action. A retaining structure may also be required to

retain the dredged material until it consolidates and to control the

migration of suspended fines. The first step in the selection of a re—

tention or protective structure is to validate the requirement for such

• 

- 

a structure. Particular concern should be given to the effects of any

proposed structure on current or wave patterns. Structures which may
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constrict water flow and increase local current velocit ies or reflect

wave energy may increase erosion. Much of the discussion presented be-

low is detailed in Eckert et al. (1978), which should be considered a

principal reference.

147. The relationships between erosion, transportation, and deposi—

tion velocities and the sediment grain size are summarized in Figure 9.

Values are based on velocities measured 15 cm above the bottom of a

sediment .

1000

• 

- 
ZON E OF EROSION

ZON E OF DEPOSITION

~~~~~~~~~~~~~~~~~~~~~~~ CLAY ,

• 0.00 1 0.01 0. 1 1 10
P A R T I C LE D I A M ET E R , MM

‘ZONE a = EROSION INFLUENCED BY DEGREE
OF CONSOLIDATION.

Figure 9. Erosion—deposition criteria for
different grain sizes (modified from Basr-~.

and Bosco 19714)

148. The semi—empirical method described below may be used to ap-

proximate a design current velocity for comparison purposes (Johnson and

McGuinness 1975):
a. Estimate the maximum monthly surface tidal current at the

site. This current might be obtained by reference to
Tidal Current Charts from National Ocean Survey , by ref-
erence to past surveys, by simple surface observations
during maximum monthly tides , or by estimation using pro-
fessional judgment.

‘b. Approximate the 10—year maximum based upon the reasonable
assumption that the maximum velocities will be produced
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a little before or after the maximum or minimum stage
height . Stage height records are usually kept for bays ,
estuaries, and rivers in which major dredging projects
are located. During the ebb flow from a maximum stage
height , the water head must be dissipated. Under such
circumstances, currents should be at or near their 10—year
high. To estimate their horizontal velocity U , the
following should be used :

U U x (10—yr high water measuredmax10 yr \ maxmonthlyj

in metres above MLW) * (monthly high water measured in
metres above MLW )

UThe current velocity max10 yr ~ may be used in conjunction with Fig-

ure 9 to determine if the sediments to be dredged will be subject to

erosion and transportation , thereby requiring protection .

149. In general, substrates composed of fine—grained sediments will
require a retention structure to reduce turbidity and to prevent exces-

sive loss of fines during the dredging.

Structure selection considerations
50. Considerations in containment structure selection include the

dredged material to be retained or protected, maximum height of dredged

material above firm bottom , required degree of protection from waves and
currents, permanence of the structure , foundation conditions at the site,
and availability of structure material. These considerations will deter-

mine feasibility of a structure in relation to the project goal, the

likelihood that the structure can be maintained over its useful life ,

and the structure’s total cost. These factors are site—critical and

require engineering site data.

51. Several retention and protective structure types are considered

technically feasible for use in marsh habitat development and are illus—

trated in Figure 10. Their general applicability is summarized in

Table 14. Two types of structures are likely to be used in habitat

development projects:

a. Sand dikes. Sand dikes have long been the most common
containment structure for confined disposal areas at both
upland and in—water sites . The primary reason for their
continuing appeal is their proven economy of construction.
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In 19714 , a survey ( Snethen and Patin 19714) foun d that• dikes
were used almost exclusively for in—water dredged material
confinement . The Windmill Point marsh development site
built by the DNBP used a sand dike (Fi gure 11) (Lunz et
al. 1978b).

Because the sand dike is a gravity structure, it bears
heavily on soft , relatively unconsolidated foundation
soils typical of many potential wetland habitat sites. A
major concern is the rapid increase in foundation loading
that occurs while the dike is being built and dredged mate-
rial is being placed. Stability of foundations with re-
spect to shear failure is most critical at the completion
of construction because strength of foundation soils is
minimal. As the increased loading causes settlement,
there will be an increase in foundation strength.

Dikes are usually overbuilt to compensate for settlement
as the foundation soils consolidate. Their elevation is
generally based on estimates of total expected settlement.
Sand dikes can usually be easily upgraded to achieve neces-
sary elevations. If the in situ foundation soils are of
low strength, dike side slopes are usually flattened to
achieve stability. A hydraulically placed dike will have
very flat slopes that can be reworked by a dragline, or it
may be left as a flat slope to accommodate a weak founda-
tion. Very soft substrates can be mudwaved (progressively
failed and caused to flow before the dike’s advance).
This method works best with end—dumped construction tech-
niques, which permit steeper dike profiles than can be
obtained with hydraulic fill methods.

Unlike dikes built at upland sites, dikes built in-water
cannot be readily compacted to achieve greater stability,
making the use of a relatively clean, free—draining , co-
hesionless sand desirable. If such material is available
near the construction area, hydraulic fill with this sand
is recommended. Other sources of sand include trucking
sand to the site or obtaining it from borrow pits. If
the dike is constructed in an area where its exposed sur-
face must be protected from erosion by waves and currents,
the slope of the dike should be revetted or riprapped.
Howeve r, it should be stressed that the integrity of the
revetxnent or riprap is dependent upon the stability of
the dike upon which it rests. A filter cloth or filter
gravel behind the revetment will help protect it from
erosion.

b. Fabric bags. Any container filled with sand, s~~c’—cement,
or concrete that is used as building block material for
breakwaters, groins , revetments, or containment dikes is
considered a fabric bag for purposes of this discussion.
The Wilmington District constructed two islands in Core
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Sound, North Carolina, using fabric bags; the Galveston
District  used large sand bags (Figure 12) to protect the
DMP P f ield site on Bolivar Peninsula (Allen et al. 1978).
Use of the bags is limited to areas that have access to
heavy equipment , especially when fill material must be
obtained on the site. Fabric bags should be filled with
saturated sand , as tests reveal that air retained in voids
causes a buoyant uplift  force on the bags when submerged
in water and reduces bag stability under wave attack
(Snethen and Patin 19714).

Fabric bag dikes should be backed with filter cloth to
prevent scouring and to insure that the dredged material
is not lost through the openings between bags. The filter
should pass under the base bag and extend up the back of
the dike. If an apron is used to prevent scour in front
of the dike , the cloth should extend under it as well.
Fabric bag l ife expec tancy is only 2 to 3 years , depending
upon sit e accessibility t o humans and subsequent vandalism,
exposure to sunlight (ultraviolet rays degrade fabric
rapidly), and energy forces exerted against the dike.

Design considerations

52. Elevation control. Final elevation of the substrate must be

considered in the site design . As shown in Figure 13, the f i r st st ep is

to establish the desi red elevat ion of t he proposed marsh (a). Also

shown in Figure 13 are anticipated foundation and fill consolidation to
obtain maximum fill level (b), maximum ponding level (c), and theoreti-

cal maximum dike height of structure (d), which includes any additional

freeboard that may be necessary to prevent overtopping . Allowances for

retention structure settlement must also be considered. Elevation re-

quirements may be determined using the following :

a. The desirable range of final elevations of the proposed
marsh should be specified.

b. The Naximum fill level should be determined based on cor-
relation of in situ sediment and substrate volumes, the
substrate configuration , and anticipated settlements.

c. The maximum ponding level should be established to allow
for retention of suspended solids. A O.6—m minimum pond—
ing depth is needed.

d. Freeboard requirements are based on susceptibility of the
site to storm erosion and/or overtopping by waves or high
tides.
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a. Cloth bags are placed empty on filter cloth

b. Bags are filled with a sand slurry

Figure 12. Fabric bag dike used to protect sandy sedi-
ments at the Bolivar Peninsula site (sheet 1 of 2)
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d. Dike after exposure to the elements for 2 years

Figure 12 (sheet 2 of 2)
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- FIgure 13. Definition of elevations

(Eckert et al. 1978)

53. Earth forces on containment structures. In the design of con-

tainment structures, all the water and earth pressure force s acti ng on
the structure must be considered , as well as any surchar ge that is
anticipated. during construction or in later use. New substrate which

requires a retaining structure generally will be composed of soft clays

and silts, which remain in a slurry state for a significant period after

placement . A fluid pressure loading may be exerted on the retaining

structure until the substrate begins to consolidate and develop shear

strength.

514. The pressure time varies as the dredged material consolidates.

The worst condition , which should be considered in design calculations,

occurs during or immediately following the f ill ing of the dispos al site
and is frequently termed “end—of—construction ” case . As the retaining

structure is being built , equal hydrostatic pressure acts on both sides

of the structure. However , after placement of the dredged material has

begun, an unbalanced force is exerted against the inside of the struc-
ture. This force is at a maximum when hydraul ic filling has raised the
contained material to the maximum design elevation, and the surrounding

water level is at its lowest during low tide or low river stage (Eckert

et al. 1978).

55. The pressure forces also vary with factors such as duration

of fill, rate of filling, stoppages in filling, location and direction

of pipeline dischar ge, and variations in grain size of the dredged
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material behind the wall. While it is desirable to place the coarser

textured material available directly behind the structure, this is fre-

quently not feasible. Therefore, reasonable values of pressure loadings,

based on reasonable field construction results, must be used in design
calculations.

56. Wave forces on containment structures. Wind wave characteris-

tics such as height, period, direction and the probability of occurrence

- - can be found using locally collected data and hiridcasting methods de-

scribed in Chapter 3 of the Shore Protection Manual (U. S. Army Coastal

H Engineering Research Center 1977). At sites where wind waves appear to

be a major consideration, early recognition of that fact may permit

relocation or shifting of the site to reduce the open water fetch in the

predominant wind direction, thus limiting the maximum wind generated
- • wave. In shallow back bays and estuaries water depth will frequently

limit the growth of wind waves (Eckert et al. 1978).

57. Because of the erosive effects of backwash on soft dredged

substrate , wave runup and overtopping of a containment structure can be

a maj or problem . Wave runup is dependent on several interrelated fac-

tor s, each of which must be considered in establishing the safe hei-~ht

of the structure to prevent overtopping. The slope of the seaward face

of the structure, the bottom slope and the water depth in front of the

structure , the surface roughness of this structure, and the incident

wave characteristics must all be considered in evaluating runup. With

these design wave values, the wave—structure interaction can be pre—

dicted using methods given in Chapter 7 of the Shore Protection Manual
(U. S. Army Coastal Engineering Research Center 1977).

58. Ship—generated waves may also be a major cause of erosion

along the edges of marshes. Wave measurements properly timed to ship

traffic at the dike site will allow establishment of a design value.

59. Erosion and scour. Erosion and scour involve the removal of

so il part icle s by water act ion , above and below normal water surfaces.
Erosion and scour can cause structural failure and must be guarded

against by properly designed protective structures. The erosive ability

of water wave s and currents at a potent ial disposal site must be
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considered in the selection and design of a retaining structure and its

foundation . Using available empirical rules of sediment transport , a
range of velocities can be developed that will indicate if erosion or
scour is likely to be a problem. U. S. Army Coastal Engineering Re—
search Center ( 1977) provides tables and charts of sediment motion ini-
tiation velocities and discusses their use. Detailed analyses of tidal

and littoral currents and wave height production are also presented in

that source.

- - 60. Erosion can be minimized by proper location and orientation
of the retention/protective structure. Locating the site in a low—

energy environment is the ideal solution , and a must in many areas.

Flattening the outer slopes of the fill or dike will reduce turbulence

and scour. Streamlining the upstream face of the fill will also lessen

erosion. Vegetation may be used to stabilize the dike and reduce ero-

sion (see Part IV) .  Protection of inner and outer surfaces by the use

of filter cloth , revetment , or antiscour blankets of rubble may be re-

quired in higher energy situations. Protection created by breakwaters

or floating wave attenuating devices is also possible but may not be

economically feasible (Eckert et al. 1978). Thorough discussions of

site location , shape, and erosion control can be found in Johnson and

McGuinness (1975) and in Hammer and Blackburn (1977) . Design concepts

for protective structures can be found in Eckert et al. (1978).

61. In riverine environments, an important consideration in

determining water velocity must be the effect the fill placement will

have on altering the flow conditions. When the fill decreases the cross-
sectional area of a channel , there will be resulting increases in flow

velocities and/or water surface elevations. These should be estimated

and used to evaluate the erosion potential using methods described in

Rouse (1950) and Vanoni (1975). Scour potential of the existing channel

banks should also be examined if significant velocity increases are

predicted.

62. Foundation stability. The failure of an in—water retaining

structure is usually the result of an overstress on foundation materials.

Clays and silts most frequently found in the types of bottom areas
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associated with marsh habitats are unconsolidated and have very little

shear strength. When the foundation soil is homogeneous, this failure

will usually be rotational in character (Figure 114a, 114c). A stratified

soil with a weak layer will lead to a translating failure, with the
failure plane passing through the weak layer (Figure 11th). When an

earth dike or other retaining structure is used, a slope stability anal-

ysis must be performed. A complete description of dike stability as it

applies to confinement structures is contained in Hammer and Blackburn

(1977) .
63. Foundation settlement. Evaluation of the foundation soil’s

bearing capacity, the stress distribution caused by the retaining struc-

ture, and the expected settlement of the structure is essential. Meth-

ods for evaluating bearing capacity and settlement are presented in

Office, Chief of Engineers (1958 and 1953, respectively). If settle-

ments are determined to be significant, allowances must be made in de-

sign of the retaining structure.

614. Seepage forces and piping. Seepage is the flow of water

through a saturated soil mass caused by unequal heads between two bound-

ary surfaces. The water follows a flow line as illustrated in Figure 15.

The amount of water which flows in this matter depends on the head dif-

ferential and permeability of the material through which the flow takes

place. In—water dikes will normally need to be constructed from coarser

grained materials, which typically have a high permeability, and may

require seepage protection by graded gravel filters or filter cloth to

avoid erosion of the dike (Figure l5b). If water flow is sufficient

to remove the sand at a point on the downstream boundary surface, head

loss is gradually decreased and erosion retrogresses through the embank-

ment like an ever—enlarging pipe.

65. Uplift will occur under these same situations when the flow

lines exist under some structural component as shown in Figure l5a,

where there is zero effective stress between the sand particles at the

toe of the dike. If the sand at the base of a structure becomes fluid ,

both lateral and vertical strength are lost, and major failure can

result.
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(Eckert et al. 1978)
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66. Retention structures for dredged material will probably not

require control measures for seepage and uplift since the head differ-

ential will rarely exceed 3.3 m. Seepage control normally consists of

• increasing the length or the resistance of a flow line and sizing the

• material at the seepage discharge point to resist piping. If control

should be necessary , methods include the use of an impermeable plastic

membrane on the inner dike surf ace  or the use of a f ilter cloth on the
outer surface under a protective layer of riprap or other revetment.

The former method will greatly reduce seepage and the latter will pre-

vent piping of dike soils. Increasing the length of flow lines by

widening the dike crest , flattening outer dike slopes, or by other means
will reduce both the quantity and the velocity of seepage. Techniques

for seepage analysis and control are presented in Office, Chief of

Engineers (1952).

Construct ion considerat ions for
retention/protective structures

67. Site characteristics. Characteristics of’ the site will
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determine which construction techniques are feasible and greatly

influence construction costs. Among the location factors that

influence costs are: equipment accessibility, wave and current condi-

tions , tide range, water depth, bottom conditions , and distance

from the dredging site (Eckert et al. 1978).
68. Construction techniques. Methods used in constructing in—

water retaining dikes are hydraulic pumping , end—dump methods, and drag-

line or clamshell (Murphy and Zeigler 19714). Hydraulic pumping of mate-

rials is an economical method of establishing a large volume dike

section. In general , the wide hydraulic fill section is constructed to

an initial height above the surrounding water. The upper portion of

the dike is then shaped with draglines or other equipment using the

coarse—grained materials that are generally provided from initial hydrau-

lic construction.

69. End-dump construction of dikes may be accomplished using

suitable borrow material transported by truck. This procedure

requires that embankment construction begin adjacent to land arid

progress outward as a haul road is established. Material dumped

from trucks is then pushed into the water and shaped by bulldozer.

In some situat ions , dikes may be constructed with a clamshell or

• dragline from material taken from within the containment area. This

also gives the added benefit of increasing the storage capacity of the

site.

70. Construction techniques for retaining walls, sills, break-

waters, gabions, and other structures are highly site—specific and
should be evaluated using design procedures recommended by Eckert et al.

(1978). Equipment normally required for dike construction and surface

shaping is presented in Table 5.
71. Construction control. Thorough inspection of all construction

operations will insure that work is being done in compliance with plans

and specifications and will point out details not adequately prepared

for. In most cases, construct ion crews and inspectors will not be
4 

familiar with the details of a marsh development project. Past experi-.

ence has shown that the importan ce of ade quate inspection cannot be
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overemphasized. The success of marsh development depends on correct

fi nal elevation , slope , and circulation patterns.

72. The specific items to be closely monitored during construction
will vary with the individual design. However, there are some general

items pertinent to all projects:

a. Field personnel should be thoroughly familiar with the
plans and specifications for the disposal area and with
general aspects of the long—range plans for the area.

b. A meeting should be held between the designer and field
personnel to present the designer ’s views and resolve
questions on the operation. The designer should point
out any key items that should be observed and any unusual
or marginal features anticipated.

c. Field personnel should be thoroughly familiar with the bor-
row sources and how each type of material will look
when being placed or discharged.

d. Field personnel must be provided access to the construc-
tion area at all times and should be on hand continuously
during construction.

a. Complete written and photographic records of all opera-
tions should be maintained.

Weir structures

73. Weir structures are required for release of water during and

after the filling operations and should be considered an integral part

of the retention/protective structure. Two basic types of weirs are

the drop inlet (Figure l6a) and the box (Figure 16b). The drop inlet

weir is most commonly used in Corps of Engineers confined disposal oper-

ations. The structure consists of a half—cylinder corrugated metal pipe

riser equipped with a gate of several stop—logs or flashboards that

serve as a variable height weir. They can be added or removed as neces—

sary to control flow into and out of the containment area. A discharge

pipe leads from the base of the riser through the dike to the exterior.

714. The box weir consists of an open cut through the entire dike

section. The cut is usually lined with timber but could be lined with

concrete or steel. Box sluices also use stop—logs for controlling

drainage. Box sluices are not often employed because of two reasons:

susceptibility to f ailure caused by seepage and subsequent piping along
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Figure 16. Basic types of weirs
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the dike—sluice contact , and. the high construction costs where dike sec-

tions are wide. Box sluices are capable of rapidly discharging large

volumes of water. This feature could prove advantageous in marsh estab-

lishment since natural water level fluctuations throughout the contain-

ment area may be necessary dur ing construction and are essential to the
natural operation of the new marsh. Additional information regarding

weir design , construction , and operat ion can be f ound in Hammer and
Blackburn (1977), Palermo et al. (1978), and Waiski and Schroeder ( 1978).

Guidelines for Dredged Material Placement

Dredged material
placement operations

75. Dredging and transport operations. Material may be placed

H within the substrate using either hydraulic or mechanical methods. The

hydraulic pipeline dredge is by far the most commonly used method and

will provide the major source of material to be used for marsh estab-

lishment. Pipeline length can be extended to several kilometres with

the addition of int ermediate booster pumps , but at a substantial addi-
tional cost (Johnson and McGuinness 1975). Hydraulic transport of mate-

rial assumes additional prominence when one considers that the newer

concepts for dredged material handling systems involving direct pumpout
of bucket—loaded scows usually involve final disposition via pipeline.

The pipeline dredge can dispose of material in shallow water areas

through the use of shore lines or shallow—draft floating pipelines

(Johnson and McGuinness 1975).

76. Obtaining select material. The structural characteristics of

dike material can be a critical factor in the success of a marsh estab—
lishment project. Knowledge of the available materials is of consider-

able importance. Making maximum use of the coarse—grained material

available within the waterway to be dredged will probably result in

the most economical method of removing it, a task that must be com-

pleted anyway. Coarse—grained material encountered during dredging

operations can be taken advantage of with end—of—pipe operations. If
the character of the sediment—water slurry being transported is known
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beforehand or can be determined by monitoring at the dredge or at the

end of the pipe, then the coarse material can be diverted to the de-

sired location by use of a wye “onnection without interrupting the

dredging operations or the dredging sequence. The diverted material can

be placed directly in the desired location via hydraulic fill or stock-

piled for later use. Stockpiling and subsequent rehandling of material

is roughly equivalent to obtaining the material from another source out-

side the disposal area and involves the use of additional or supplemen-

tary equipment.

77. Material placement operations. Depending upon the character

of the dredged material, the nature of the disposal site (confined or

unconfined), and the potential for adverse environmental impacts, a

range of operational procedures can be used for material placement to

insure the ultimate success of a marsh development project. Significant

advantages will accrue in marsh building if measures are taken to con-

trol the location and distribution of the coarse— and fine—grained frac-

tions of the dredged material within the substrate. For example, the

long—term stability of the marsh can be enhanced by placing the coarse—

grained material on the side of the marsh facing towards the direction

of maximum erosive energy.

78. A means for maintaining control over the distribution of mate-

rial is to take advantage of the settling characteristics of the various

sized particles in the dredged slurry. Coarse—grained material settles

more rapidly than does fine-grained. material. Evidence of this natural

classification process is the buildup or mounding of coarse—grained

material near the end of the discharge pipe . The fine—grained particles

are carried farther away and settle in quieter , less turbulent waters.

79. For the majority of dredged material disposal projects, the

criteria for location of the discharge pipe in the disposal area have

been to maintain an adequate flow distance relative to the weir , to

keep the discharge end of the pipe a safe distance away from the inte—

nor slopes of dikes, and to minimize the pumping distance from the

dredge. These criteria are directed at preventing short—circuiting or

channelization of the flow through the containment area, avoiding
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scouring damage to dikes, and minimizing pumping costs.

80. Some modification of the above pipe location criteria may be

• required if advantage is to be taken of the natural particle size clas-

sification process. An illustration of the concept is to position the

end of the discharge pipeline at the edge of the substrate most prone

to erosion forces .

81. Pipe movement operations on water. The use of floating pipe-

lines is a particular advantage in shallow water areas. Placement of

the pipeline can be done during periods when water depth is greatest,

thus avoiding the limitations of land-based vehicles in marshy areas

(Johnson and McGuinness 1975). The minimum depth of water in which the

pipeline will float can be reduced through the use of larger flotation

pontoons or their equivalent. The pipeline should be flexible to permit

the dredge to advance without having to move the pipeline each time;

this is achieved by use of elbows and swivels. The discharge end of

the pipe can be maneuvered in various ways. For open—water placement

or in confined areas, the discharge can be redirected by moving anchors

that hold the pipe in place.

82. Greater flexibility of pipe movement on water has been

achieved through the use of a spillbarge (Figure 17) when conditions

permit. The spillbarge is commonly used when the dredged material dis-

posal area is located adjacent to the channel being dredged. Booms up

to 77 m long have been used to dispose of dredged material over a dike,

linear island, or jetty located parallel to the channel being dredged.

The spilibarge is maneuvered behind the dredge as it moves along the

channel. No additions or deletions of pipeline sections are necessary

and continuous disposal is possible. A uniform or linearly dispersed

distribution of material within the disposal area can be achieved de-

pending upon the rate and direction of movement of the spillbarge

(Johnson and McGuinriess 1975). In some instances, a uniform aerial dis—

tribution of material over the disposal area is desired. The placement

of a sand layer nay be required in order to improve the trafficability

of the disposal area surface or to provide a drain to relieve pore pres—

cure under a dike or within the fill (Johnson and McGuinness 1975).
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Figure 17. Sketch of spillbarge ( Johnson and McGuinness 1975)

83. Pipe movement on land (shore line). Pipe sections for use on

land are usually held together by welding flat metal strips across the

joints or by tying wires on cleats. Because of thi s and the heavy

weight involved, the shore line cannot be easily moved. Directional

changes of pipelines are made by using special fittings with 300
, 145°,

or 90° elbows (Johnson and McGuinness 1975) .
814. Material placement flexibility for a shore line is achieved

through the use of wye branches and valves which are controlled with

gate or swing valves that switch the flow from one pipe extension to

another. If discharged material mounds near the end of one pipe, the

flow can be divert ed to the other pipe, and the mounded area leveled or

the pipeline extended. This allows continuous dredge operation. On

stable soils this operation can be done by heavy equipment ; on unstable
soils, it must be done by hand labor , usually a crew of 14 to 6 men
(Johnson and MeGuinness 1975). The use of timber mats or marsh buggies

sometimes helps extend the range of equipment operation capabilities.

85. Energy dissipators. These are used to reduce the velocity of

the dredged material slurry at the discharge pipe. The energy from the
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slurry flow can scour and resuspend already deposited material and can

damage the interior slopes of diked areas. This can be of benefit in

redistributing mounded material; however, the scouring action generally

leads to channelization and short—circuiting of flow (Johnson and McGuin—

ness 1975). Three primary kinds of energy dissipators are used :

a. Baffle plates. The baffle plate is located at the end of
the discharge line and is commonly mounted at an angle to
the flow direction. It spreads the flow over a wider area
and reduces erosive force.

b. Wye joints. A vye joint at the end of the discharge line
can effectively double the area of flow and thereby halve
the velocity. An extension of this method is the place—
merit of a sand layer using a branching pipe system. Care
should be taken in designing and constructing the pipe
distribution system so that velocities are adequate to
transport the material . This can be accomplished by using
branching lines of a smaller diameter than the main pipe
(Johnson and McGuinness 1975).

e. Bleeder pipes. Dike construction in both underwater and.
on—land situations has been accomplished using a bleeder
pipe, which contributes both to a classification of mate—

• rial and a reduction of the discharge velocity. This in-
volves the elevation of the end section(s) of the pipe on
H— or X—cribbing. The bleeder pipe has holes cut into the
underside of the pipe that allow heavier material to drop
out, letting fines flow on past and out the main disposal
pipe. The bleeder pipe can be equipped with movable gates
over the hole to regulate flow.

86. Operational guidelines for placement in confined substrates.

Operational practices suggest several guidelines applicable for con-

fined substrate placement. These guidelines are:

a. Position the discharge pipeline so that the coarse frac-
tion of the dredged slurry will be deposited on the
erosion—prone side of the marsh.

b. Ease material placement operations on water by using:

(1) Additional pipeline flotation.

( 2 )  Spillbarge .

(3) Floating swing-discharge line.
4 

a. Ease material handling operations on land by using :

(1) Wye branches and valves with pipeline.

(2) Fill trafficability improvements.
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(3)  Whooping crane.

(14) Low—ground—pressure vehicles.

(5) Dragline with deadman and pulley.

a. Lessen scouring of disposal area materials by using energy
dissipators such as baffle plates, bleeder pipes , and pipe
distribution systems.

e. Maintain adequate detention time for sedimentation in
confined disposal areas by using :

(1) Properly designed weirs with adjustable crest
elevations.

(2) Spur dikes if required .

(3) Adequate ponding depths.

f. Divide substrate area into cells so that:

(1) Flexibility in receiving incremental fill volumes
is increased.

(2) Accuracy of settlement prediction in filled cells
is improved.

(3) New marsh can be developed incrementally.

87. Influence of placement on retaining structures. Proper place-

ment of dredged material presupposes a knowledge of the engineering

properties of the material being dredged. The coarser grained dredged

material may be utilized as dike material or placed behind the contain-

ment structure as appropriate. The soft cohesive soils are generally

deposited away from these structures. This selective placement improves

the stability of the containment structure (Eckert et al. 1978).

88. Quality of final dredged material soils can be improved by

careful placement of the discharge pipe and grading of the site. Fur-

ther discussion of this technique can be found in Turnbull and Mansur’s

(1973) review of several hydraulically placed fills.

Management activities for
confined substrate placement

89. Placement of dredged material within a confined area is identi—

cal with placement in any other containment area. Certain management

activities are therefore necessary to assure that suspended solids are

retained within the area and that effluent quality is maintained. More
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detailed information regarding management of dredged material contain-

ment areas is found in Bartos (1977) and Palermo et al. (1978).

90. Surface water management. The management of surface water can

be accomplished by controlling the elevat ion of the outlet weir( s)

throughout the operation to regulate the depth of water ponded within

the containment area. Proper management of surface water is required to

assure containment area efficiency and can provide a means for access by

boat or barge to the containment area interior.

91. At the beginning of the placement operation, the outlet weir

is set at a predetermined elevation that will insure that the ponded

water will be deep enough for settling as the containment area is being

filled. As the operation begins, slurry is pumped into the area; no

effluent is released until the water level reaches the weir crest eleva-

tion. Effluent is then released from the area at about the same rate as

slurry is pumped into the area. Thereafter, the ponding depth decreases

as the thickness of the dredged material deposit increases. After com-

pletion of the placement operation and of the activities requiring

ponded water, the water is allowed to fluctuate with the tides through

the existing weir structure.

92. Use of the ponded water for floating the pipeline within the

containment area can be of benefit to general containment area manage-

ment by greatly facilitating the movement of the inlet point without

disruption of the dredging operation. The floating inlet allows selec-

tive placement of coarse—grained material behind the retention structure

or at desired mounding locations within the substrate.

93. Ponding of sufficient water permits access, by boat or small

barge, to the interior of the containment area. This allows access for

sampling or installation of any necessary instrumentation during the

placement operation. The depth required for this purpose is determined

by the draft of the vessel used.

914. Suspended solids monitoring. A well-planned monitoring pro—

gram during the entire dredging and decanting operation is essential to

assure that effluent suspended solids remain within acceptable limits.

Since suspended solids concentrations are determined on a gram per litre
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basis, requiring laboratory tests, it is desirable to complete a series
of laboratory tests during the initial stages of operation. Indirect

indicat ors of suspended sol ids concentrat ion such as visual comparison
of effluent samples with samples of known concentration or use of a
properly calibrated hydrometer may then be used during the remainder of

the operat ion, supplemented with laboratory determination of eff luent
solids concentrations as needed for record purposes. Additional guid-

ance on suspended solids monitoring and description of test procedures

are presented in Palermo et al. (1978).

95. Postdredging activities. Once the substrate has achieved the
des ired degree of stability and af ter  caref ul consideration of the

erosion potential of such an action, the weirs or retent ion structure
may be breached to allow natural water circulation throughout the

• substrate area.

Surf ace shaping operat ions
96. Upon completion of the disposal operation, the surf ace of the

fill may need to be shaped or graded in order to meet final elevation

requirements, to improve water circulation, or for other reasons . In

many cases coarse—grained material may be graded using heavy equipment;

however, it is likely that fine—grained fill material will not support

tracked vehicles, such as bulldozers, and the distance to the center
line of the disposal area may preclude the use of a conventional float-

ing dragline. The operational range of tracked vehicles and draglines

can be extended through the use of matting or the building of finger

roads. This requires frequent moves and can add significantly to the
cost and time of the grading operation. In these situations the use of

low—ground—pressure vehicles, such as mar sh buggies , may be adequate to
complete the job.

97. More likely, a highline arrangement could be used. It would

employ a winch, a dea dman at the oppos ite side of the disposal area , and
a dragline bucket as shown in Figure 18. The deadman is required so

that the cable to which the bucket is connected can be pulled back and

forth over the area being graded. Portable dredges using this technique

have been used with bucket capacities of approximately 3, 6, and 10 m
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Winch Cable Bucket Deadman

Figure 18. Portable dragline with tail support (Renfrue 1971)

and over distances of up to 500 m. Requirements for the deadman have

been satisfied using small trees, a dozer, or the equivalent (Renfrue

1971).

98. In some instances the operational range of floating d.raglines

or clamshell dredges can be extended by digging access channels into the

fill area. These access channels could be left upon completion of the
project and, if properly developed, would aid in improving water circula-

tion in the new marsh.

99. The narrower a given area of marsh is, the easier the even-

tual task of reworking the surface with equipment to meet biological

preferences, such as improving drainage, providing a network of access

channels, and removing or creating interior mounds and holes.

Substrate surface trafficability

100. Access to the substrate area for surface shaping operations

or for planting activities will be necessary in many cases. The extent

to which such activities may be performed is dependent upon the availa-

bility of equipment or vehicles which can successfully operate on the

newly placed dredged material substrate. Guidelines are contained in

Willoughby (1978 ) for characterization of soil conditions and vehicles

and. predictions regarding trafficability. Based on these characteriza-

t ions , a particular piece of equipment can be selected for a given set

of cond itions~ or limiting conditions can be determined for a specific

piece of equipment.
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PART IV : PLANT PROPAGATION

101. This part contains guidance on establishing marsh vegetation

once the substrate is prepared. It includes design of the propagation

effort , actual vegetation establishment, maintenance of the site, and
- 

- 
potential problems.

102. Seven forms of propagules are available for marsh vegetation

establishment and are defined below:

a. Seeds. These are the common reproductive structures of
most plant species. Seeds are found on marsh plants
singly , in clusters , in pods, and on multistenuned or
single—stemmed seed heads.

b. Rootstocks. Rootstocks are the root system of a plant
including that small portion of stem normally below
ground. The propagule may be divided into sections or
clumps for planting; new growth will generate from the
old root systems .

C. Rhizomes. This propagule is similar t~ rootstocks and
refers to underground stems that usu~~ iy grow horizon-
tally. The rhizomes are dug and divided into sections ,
taking care to keep at least one viable growth point
(meristematic tissue) on each to ensure new growth.

d. Tubers. Tubers are large fleshy underground stems often
associated with rhizornes. They should be dug near the
end of the growing season to obtain the new crop for
planting. Tubers for some species , such as chufa , may
be harvested mechanically. Others , such as saltmarsh
bulrush, must be harvested by hand . Except for chufa ,
marsh plant tubers are usually difficult to obtain .

e. Cuttings. Cuttings are made of sections of the top
shoots of a plant, taking care to obtain nodes in the
section . In the case of woody marsh species such as
willows, cuttings should be made 0.3 to 0.6 m long from
the end of a branch or twig of 1-year-old growth. Cut-
tings of some herbaceous marsh species can be taken from
any section of the top shoots (with nodes); when planted
shallowly on the site, new growth will occur. Smartweeds,
glasswort, and a few other herbaceous species that have
quick regenerative abilities can be propagated readily
from cuttings .

f. Seedlings. These are young plants with weakly developed
root systems. They may be obtained by digging the seed—
ling from a stand in the natural marsh or germinating
seeds in a greenhouse and growing them to seedling
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~tage . This technique is frequently used. with smooth
cordgrass, which , in commercial greenhouse operations, is
readily grown from collected seeds.

• ~~~ . Transplants (sprigs ). This is by far the most common and
most successful propagule type for marsh establishment
projects. This propagule is the entire plant dug and
removed from a natural marsh and transplanted to the new
site. The term sprig generally refers to smaller trans-
plants, often very young, which are obtained in the same
manner. It is best to leave marsh soil with the trans-
plants when they are dug to minimize shock from root
loss and disturbance. Plants dug during the dormant
(winter) season usually suffer less fron~ stress and
shock than those dug in the late spring and summer. The
transplant should be as large as is practical to work
with. Since plant material is often obtained by hand
labor and is hard to transport , a suggested size for
transplants is not over 10 to l5—cm--diam root clumps
with top shoots of a compatible size.

Planting Design

Factors influencing design

103. The successful establishment of a planned marsh requires

careful project design and implementation. Each site will exhibit its

own peculiarities and must be approached individually. In any marsh

design a number of factors are significant; the most important are

discussed as follows:

a. Salinity. Most plant species are not salt tolerant ;
therefore , only those species known to tolerate the
tested salinity of the dredged material substrate and the
water source should be planted on any given site. Approx-
imate salt tolerances of marsh plant species are given
in Table 6.

b. Tidal range. Ii~ a t idewater area , species planted should
be adapted to specific site conditions . For example,
smooth cordgrass, a species known to tolerate frequent
inundation , would be planted at the lowest elevations.
Saltmeadow cordgrass and saltgrass , species that tolerate
less frequent inundation , would be planted inland of
the smooth cordgrass at a higher marsh elevation.

a. Flood stages. In interior lake, stream, and r iver areas ,
the season and duration of periods of flooding and
drought must be considered in planting design. Problems
encountered include seasonal or man—induced water level
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fluctuations which may dessicate or drown the plants or
erode the site. Moisture tolerances of marsh plant
species are given in Table 6.

1. Soil texture. The texture of the dredged material will
significantly influence the physical and chemical prop-
erties of the soil and may exert a governing influence
on the success of plantings. For example, coarse—
textured soils may be nutrient poor and consequently not
support vigorous plant growth.

e. Wave and wind action. Wave and wind action will in-
fluence planting design. A stable substrate is necessary
for successful plant establishment, and this may require
location of the project in a low—energy site or provi-
sion of structural protection.

f. Contaminant tolerance. Dredged material may contain
contaminants such as heavy metals, pesticides, and petro-
leum products. Little work has been done on tolerance
of marsh plants to these contaminants; however, very few
of these substances have actually been shown to be
limiting to plant growth. The potential for plant uptake
and release of contaminants into the environment is a
related problem of greater concern than contaminant
tolerance (see paragraph 151).

£• Outside influences. Disturbance to a site can be caused
in many ways. Waves from passing boat traffic may i~proot
young plants and, cause erosion. Washing of debris onto
the site may damage even mature plant communities. Ex-
cessive early use by wildlife, such as goose grazing
of smooth cordgrass roots, may destroy an ongoing project
if not controlled.

h. Cost. Costs are often the deciding factor in determining
whether to pursue habitat development or to allow natural
colonization and succession to occur on the site. The
planting design should be realistic in terms of available
funds. Section 150 of Public Law 914—5 87 now provides
authorization for funding marsh habitat development
projects in conjunction with Corps dredged material
disposal projects.

Protect ion
1014. The newly planted substrate must be protected either by

virtue of its location in a low-energy area or by placement of a pro-

tective structure such as a permanent or temporary dike (Figures 11

and 12). Low—energy areas are most commonly found in the lee of beaches,

islands, and shoals; in shallow water where wave energies are dissipated;
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on the convex d ownstream side of riverbends ; in embayments where marshes

presently exist; within zones of active deposition; and away from long

fetch exposure, tidal channels, uncontrolled inlets, and headlands

(Johnson and McGuinness 1975). Protective structures were discussed

further in Part III.

105. Plants themselves may be used as a protection barrier by

planting more erosion—resistant large transplants on the outer fringes

of the marsh, with more susceptible but less expensive propagules such

as rootstocks, tubers, and seeds in the interior and high marsh areas

of the site.

106. Young plants are particularly vulnerable to wildlife depreda-

tion. Herbivores such as Canada geese, muskrats, nutria, rabbits,

goats, sheep, and cattle can rapidly destroy a newly established

marsh. Heavy grazing may even destroy mature marsh communities. Poten-

tial animal depredation should ~e e~aluated for each site and in extreme

cases should be controlled by trapping or fencing (Figure 19).

Plant spacing

107. Plant spacing is highly site—specific and is governed by the

quality of the substrate, type of propagule, length of the growing sea-

son, and desired rapidity of plant cover. Generally, when transplants

are used, parallel rows and spacings of 0.3 to 1.5 m are recommended

to achieve relatively uniform cover by the end of the second growing

season (Figure 20). Planting at about l-m intervals is usually a good

compromise between high costs and full cover. If the cost of trans-

plants is a limiting factor, or there is no compelling reason to attain

full cover within a short time, then spacing may be greater than 1 m.

If the site is extremely unstable, subject to heavy wildlife pressures

or physical stresses, or if aesthetics are an immediate concern , more

dense plantings may be desirable. For example, if Canada geese are

known to use the area heavily, the plants should be spaced closely to

encourage the geese to limit their feeding to the edges of the new

marsh (Garbisch 1977). Transplants may be evenly or randomly spaced;

even spacing is more efficient in use of machinery and labor.

108. Other vegetative propagule types such as rootstocks, rhizonies,
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b. A fence erected at Bolivar Peninsula to exclude
cattle, goats, and rabbits

Figure 19. Techniques to protect young plants
from animal depredation
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a. Sprigs at 1—rn intervals 1 year after  planting

b. Growth after 2 years

Figure 20. Saitmeadow cordgrass marsh development at the Apalachicola
Ba~ site. ( Note building in background for relative reference point)



and small sprigs are handled similarly to transplants. However, since

they grow much slower initially, these propagules should be spaced more

closely. Intervals of 0.2 to 0.5 m are recommended for rootstocks and

rhizomes, and 0.5 m for small sprigs.

Diversity

109. In general, a site planted to a variety of species over a

topographic range, from deepwater to upland areas , is preferred. Ex-

ceptions to this are sites where physical stresses are particularly

harsh or stabilization is critical (as on dike slopes), where only one

species can tolerate the conditions, or where quick cover by a vigorous

monoplanting is needed. More typically, variation in site elevation

with respect to water regime will necessitate planting the dredged mate-

rial with at least two species to obtain both high and low marsh.

110. Species diversity can be used to achieve several objectives:

a. Appeal to a more diverse group of wildlife users of the
site.

b. Enhance habitat for a target wildlife species that pre-
fers mixed or patchy habitat for its life requirements.

a. Control animal depredation by planting a high-value
wildlife food species as a sacrifice.

d. Better insure site success; if one plant species does
not establish, another one of the selected species may
be successful and establish the habitat.

e. Provide for long range plant succession at the site by
making available sources of several desirable species.

111. An example of planting for area diversity is provided by

the San Francisco Bay Conservation and Development Commission (1966),

which proposed the following minimal criteria for Pacific cordgrass

development on the west coast :

a. At least 5 percent of the site should be exposed at high
tide.

b. At least 20 percent of either the new marsh or the
surrounding area should provide mudflat exposure.

a. At least 10 percent of the site should be suitable for
Pacific cordgrass.

• d. At least one major pool or lagoon should occur in each
unit area.
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e. The remainder should be determined by site—specific
circumstances and needs.

112. These criteria reflect the importance of open areas in a

stand of vegetation. In San Francisco, the Commission had observed
birds feeding on the mudflats. In a northern cattail marsh, Weller

(1975) recorded that a 50:50 cover:water ratio was most productive of

waterfowl. It may be necessary to first establish the marsh, then
do any clearing that may be required for a wildlife enhancement

objective.

Vegetation Establishment

113. Once a dredging project with appropriate marsh habitat

development considerations has been designed, and while the engineering
aspects are being carried out, preparations should begin for actual

planting of the site. Such determinations as species selection, best
propagule size and type, collection techniques, handling and storage

techniques) planting techniques, and individual problems related to
each species must be made before actual vegetation work can begin.

• Considerable time is involved in locating, obtaining, and preparing for
transplanting appropriate propagule types, sizes, and numbers. Suffi-

cient lead time is also needed for seed propagules since an obligatory

seed—ripening period is usually necessary after harvest.

Plant species selection

1114. The selection of plant species appropriate to the region, to

the site, and to the project objectives is the first step toward vegeta-
tion establishment. Success of the project may hinge upon the species

being planted, propagule types used, and the use of the plant material
by wildlife. The site planner should familiarize himself with nearby

marsh plant communities that occur on similar sites, noting the distri—
bution and relative abundance of species within the stands. AU species
should be considered. Smooth cordgrass, because of its large areal
extent, has been considered the major marsh species in the eastern
(Jnite d States. But the significance and productivity of other species
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such as black needlerush, saltgrass, and saltmeadow cordgrass, pre-

viously considered minor, have been documented by Gosselink et al. (1977)

and Reimold and Linthurst (1977).
115. It is suggested that a listing of those plant species

occurring in the region and their specific associations be made. This

listing can then be reduced to those suited to the site based on the

factors discussed on the following pages. The reader is referred to the

• Wetland Guide series (Environmental Effects Laboratory 1978, Environ-

mental Laboratory l978a, l978b, l978c , l978d, 1978e, l978f, and 1978g)

for typical community composition of various marsh types that may be

found in the United States. Figures 21—214 show generalized profiles

of major marsh plant associations for east and west coast salt marshes,
brackish marshes, and fresh lake, pond , and river marshes.

116. Appendix C is a synopsis of 28 of the more commonly planted

marsh plant species including description , range, habitat, associated

• species , establishment techniques, value, tolerances, and pertinent

comments for each . Table 6 lists 115 marsh species typically occurring
• in fresh, brackish , and salt marshes within each of six geographical

regions. The table is not all—inclusive but provides a general guide

to common marsh species. It shows geographic ranges, soil conditions

(pH, salinity, texture), moisture requirements, morphology, potential

pest species, soil stability values, and wildlife value (food, cover,
nesting/breeding). Table 7 gives recommended propagules and general

collection , handling, and planting techniques for those 115 species,
as well as pertinent remarks not shown elsewhere.

117. There are many species of plants that are suitable for plant-

ing marsh development sites. In addition to the ones listed in Tables

6 and 7, there are other species of unknown tolerances and adaptability

which may prove , after testing, to be useful on dredged material.

Selection of a species or mixed group of species for planting at a

particular site should be based upon the following considerations :

a. Project goal. The goal of the project, i.e., aesthetics,
wildlife enhancement , mitigation , substrate stabilization,
et c . ,  should already be determined. Only those plant
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species that satisfy the project goals should be
considered.

b. Location. In most situations it is desirable to select
plant species that are native or common in the general

• geographic location of the site. Exotics should be
introduced only if there is assurance that they will not
become nuisance species.

c. Climate and microclimate. Plants will not survive and
reproduce unless adapted to local climatic and photo—

-
• periodic conditions. It is highly desirable to use

local plant sources, from less than 160 km distant.

d. Tolerance. Tolerance to salinity, water level fluctua—
tion, heat or cold, sun or shade, various water and soil
con dit ions , and competition from other species will
affect a plant species survival and reproductive
capacity.

e. Soil characteristics. The plant species must be able to
• - survive, grow, and reproduce under the influ ence of soil

conditions of the site. Soil texture, mois~ -holding
capacity, fertility, pH, salinity,  contamin- • •

--~~~~, ~nd the
presence of unusual features common to dre~~-~~ ma.
such as desiccation cracks, clay balls, and -~ss-,i-~ i
debris from the disposal pipe are all factor~ :at will
play a role in a plant spec ies success.

f .  Growth characteristics. Several growth characteristics
must be considered in plant selection.

(1) Can the species successfully compete with other
planted and native species? If so, will it inhibit
other desirable species?

(2) What is the life expectancy (annual, perennial,
biennial)?

(3) Will the plant cover be established as rapidly as
desired?

( 14 )  Will the plant species reach optimum size within a
reasonable length of time?

(5) Will it reproduce successfully, either by seed or
vegetatively, so as to maintain a viable population
and site cover?

(6) Will it stabilize the substrate to prevent erosion?
(7) Is it resistant to insect pests and diseases?

£• Availability. Selection of a species often must be based
upon availability. There may be numerous species that
are acceptable, but that are not obtainable because of
time, economic, or manpower limitations. This is
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especially true if the plant species is not commercially
available , if it must be harvested by hand labor, or if
its seeds cannot be used as propagules .

h. Maintenance. Careful, intensive , and frequent mainte-
nance after initial site preparation and planting is
costly and manpower—intensive. Species that are selected
should be hardy and able to survive with minimal care.
Maintenance activities not considered excessive could
include :

(i) Weeding or mowing of undesirable competing species
that invade the planted area in early stages.

(2)  Postpropagation fertilization of the plant material .

(3) Protection by fencing and other barriers from wild-
life grazers until establishment is assured.

1. Costs. Regardless of what other attributes a species has,
if obtaining and planting the propagules cost more than
the project can afford , it is not a desirable species.
Costs are generally lower If a commercial propagule
source is located. Costs will generally increase in pro-
portion to the amount of hand labor required.

118. If a project goal is to establish habitat for target wildlife

species , any plant species known or suspected to be of use for cover,
food, rest ing, or nesting for those species should be considered.
Martin et al. (1951) is a reference for plants having wildlife food

and cover value. Belirose’s (1977) waterfowl book is a comprehensive

summary of life requirements of waterfowl species . Landin (1978) and
Soots and Landin (1978) are sources of habitat needs for colonial
waterbirds. Hunt et al. (1978) present wildlife food values for many

species and the extent of their use by wildlife. The Journal of Wild-

life Mana~nent and other natural resource periodicals are also pertinent .
119. If soil stabilization is a goal , species selection will be

influenced. Marsh plant species have varied capacities for stabiliza-

tion (Cole 1978 , Gosselink et al. 1977). Their underground root struc—

ture , rate of growth, and season of growth enter in. Gosselink et al.

(1977) hypothesized that a species with a longer growth cycle, such as
saitmeadow cordgrass, probably is more effective at erosion control than

one such as big cordgrass, with a seasonal cycle. Lewis and Lewis

(1977) demonstrated the value of planting fast—growing smooth cordgrass
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to stabilize a site for mangrove propagules .

Propagule select ion

120. Once species selection has been completed, more detailed con-

sideration must be given to the type and availability of plant propa—

gules, the amount of plant material needed to propagate a site, and the

costs. The criteria for selection of propagule types are similar to

the considerations used for selection of plant species. There are six:

a. Availability and costs. When more than one propagule
type is acceptable and is available for a species, a
balance must be reached between availability, cost ,
probability of success, and ease of handling. Often
time constraints will limit availability of a propagule
because the biological cycle of reproduction does not
coincide with the dredging project. This is especially
true with seeds. Frequently, even though a species
normally reproduces by seeds, the seeds will not be
available due to poor seed production or heavy predation.
The least risk alternative, transplanting, is also
usually the most expensive, while the least expensive ,
seeding, carries the greatest risk.

b. Collection and handling ease. A propagule must be easy
to locate , obtain, and handle. Seeds, seedl ings , and
some transplants may be available commercially. When
they are not, there may be problems such as:

(1) Obtaining enough seeds from plants in natural stands
to plant a new site. Viability and percent germina-
tion of marsh plant seeds are often low. For example,
smooth cordgrass seed heads are often infected with a
fungus that renders them unusable.

(2) Obtaining sufficient quantities of vegetative propa—
gules without causing significant damage to the donor
marsh.

(3) Digging many pieces of plant material and keeping
them alive until time to plant on the site. To
plant most sites, several thousand propagules will
be needed.

(14) Transporting large amounts of plant material from
the marsh, to and from the storage areas, and back
to the new site.

(5) Inexperienced or unwilling field labor. An experi-
enced nursery staff may increase production
significantly.

(6 ) Storing and handling the propagules. This includes
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such tasks as separating rhizomes and tubers, remov-
ing seeds from seed heads and clusters and cleaning
them, and potting transplants prior to transfer to

• the site.

e. Storage ease. Seeds do not normally present a storage
problem since they are usually kept in a cool room or
refrigerator at temperatures from 10 to 5°C. Seeds of
most marsh plant species must be stored in water, either
fresh or brackish, to prevent desiccat ion or premature
germination. They may require treatment with pesticides
and/or fungicides to prevent seed loss. All these
factors will have a bearing on the germination success
of the seeds when they reach the site. Vegetative prop—
agules are more of a problem to store in that :

(1) Space in a nursery or greenhouse area is needed to
hold the plants for the site.

(2) Labor must be hired to water, fertilize, and maintain
the plants until planting.

(3) Plants will need to be potted in suitable field con-
tainers or placed in nursery soil beds to ensure
maximum survival. If peat pot transplants are to
be used, potting medium must be purchased or dug.

d. Planting ease. Seeds can be broadcast or planted in rows
by machine or by hand. Some vegetative propagules may be
planted by machine but usually they must be hand—planted.

e. Disease. Often plant sources will be infected with fun-
gus or viral diseases, thus limiting propagule selection.
Neither vegetative propagules nor seeds should be taken
from an infected stand.

f. Urg~ency of need for vegetative cover. The selection of
a propagule may depend on the urgency of the need for
vegetative cover. In highly visible sites or sites sub-
ject to erosion, it may be necessary to establish a
plant cover as soon as possible. Other sites may not
require plant cover for several years. The most rapid
and effective technique is use of transplants.

£• Elevation of the site. Garbisch (1977) recommended more
mature propagules at decreasing elevations to increase
probability of success, with exceptions in the litter
deposition zone and in high elevations of areas with
high tidal amplitude .

The advantages and disadvantages of the various propagules are given in —

Table 8.
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— Handling plant material
— 

121. Seeds. The collection, storage, and handling of seeds fre—

quently requires specialized techniques. Propagation by seeding is not

recommended unless experienced personnel are available for consultation.

Useful techniques for handling marsh plant seeds are presented by Kadlec

and Wentz ( 19714), Maguire and Heuterman (1978), and Ternyik (1978).
A general discussion ~f seed handling follows ; however , the reader is
advised to obtain detai1~ on selected species prior to implementation

of the project.

122. When seeds are not available for commercial sources, they

must be collected from natural stands. Locate plant stock that is

readily accessible, fairly abundant, disease—free, and that is producing

a current season crop of seeds. Several locations may be necessary

for collection of the numbers needed to avoid depletion of a natural

stand. Collect seeds when they are mature but not shattering out of

seed heads or off clusters. Depending upon the species and the region,

this period could vary from April to November. Remove the seeds by

cutting off the entire head or cluster in the field and taking it back

to the laboratory for threshing. Fleshy seed heads should be thoroughly

dried before threshing. Clean chaff and infertile seeds from seed lots

by sieving and/or blowing while threshing out seeds.

123. Seeds should be tested for viability and germination at the

beginning of storage and again prior to planting to determine quantities

of seed needed, as these percentages may change over a period of weeks.

Store seeds according to known information. When in doubt or if data

are not available, it is suggested that seeds be stored in fresh water

at 5°C in open containers to allow ventilation. Seeds should be checked

frequently for fungus or rotting. Seeds of many salt marsh plants will

germinate at 5°C if placed in fresh water. These seeds should be main-

tained in brackish water (at least 10 to 15 ppt) then rinsed with fresh

water before planting. Care should be taken not to place seeds suscep-

tible to salinity damage in brackish solutions; the whole seed lOt could

be lost from improper treatment.

1214. Before planting , some seeds may require special treatment
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such as scarification of hard seed coats to induce germination. This

is especially true of rushes and buirushes. Viability tests may be made

by a variety of methods (Maguire and Heuterman 1978, U. S. Department of

Agriculture 1961); tetrazolium staining is the most common.

125. Vegetative propagules. Unlike upland and agronomic plant

species , only a few marsh species are generally available from commer—

cial sources as transplants and other vegetative propagules. Therefore,

details of collectLig and handling plants from natural stands are given

here. Locate plant stock that is readily accessible, fairly abundant,
and disease-free. Collection methods vary depending upon the propagule

selected, but in general it is best to collect propagules while the

plant is dormant. Alternative times are at the beginning or at the end

of the growing season. Plants that are seeding or fruiting should not

be collected as they are under stress from this reproduction phase and

will be more likely to go into shock and die than a vigorously growing,

nonseeding plant. Collect propagules from natural stands where, during

the growing season, plants show indications of vigor and health (good

color, no dead material, signs of reproduction). To minimize damage to

the donor marsh, patches no larger than 0.1 m should be dug, widely
spaced to prevent erosion. Trampling or damaging the donor marsh with

machinery should be avoided. Dig the plant material or collect cut-

tings, and place immediately in plastic bags or containers of water to

prevent moisture loss. Sprinkle the plants and plant material inside

the bags with fresh water to maintain moisture levels if prolonged

transport time is required.

126. After the plant material has been brought to the storage or

maintenance area, assuming that the site is not ready or the season is
not right for immediate planting, the propagules should be treated in

the following manner:

a. Immediately pot transplants, sprigs, seedlings, rhizomes,
and rootstock in containers with a good all-purpose
potting soil or marsh soil brought in from the field for
this purpose. “Pots” may take the form of peat pots,
conventional plastic containers, or a soil bed set up
especially for that purpose. Peat pots are convenient ,
economical containers for almost all propagules, with the
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probable exception cf large transplants. The chief
advantages of these pots are that they can be transferred
directly to the field and are biodegradable , thereby
lessening transplant shock to the plant material. Their
chief disadvantage is that, being made of pressed peat,
they become soft with much soaking , and roots of the
propagules may grow through the pots before the time for
transplanting has arrived. Holding plant propagules in
peat pots past 6 months is not recommended.

Soil beds become economical if space is available and
plants are to be held for longer periods of time. These
can be constructed from 5— by 30—cm lumber and lined with
plastic to retain water levels essential to the species
in the soil bed. Marsh soil or potting soil can be
placed inside the beds , and the propagules planted di-
rectly into them. Their chief disadvantage is that
plants must be redug from the soil beds before trans-
ferring them to the field. If the holding period is
less than 6 months, this presents little difficulty;
however, if the plants have been retained in the soil
bed for longer periods, root systems may have spread and
be difficult to protect while removing the plants. Soil
beds would be best used for rootstock and rhizomes, as
these spread slower than transplants, sprigs , and seed—

• 

- 
lings in the same period of time.

Regardles s of the potting method chosen , it should be
remembered that moisture levels for marsh plants are
all-important, and water levels must be maintained daily
in containers . Care must be taken to assure that each
species receives the proper moisture level for its l ife
requirements. A good general rule of thumb is to use
undrained pots and to puncture the sides of the contain-
ers at about one half their height to allow water to
stand in the bottom half of the container. Peat pots
are permeable, and therefore do not need puncturing.
However, they must be maintained in a water bed that will
assure that the plants receive adequate moisture. It is
easier to maintain water levels in a soil bed than with
any other method.

Unless plants of a larger size are needed by the follow-
ing spring after plant propagules were obtained in the
fall , plants may be stored outside rather than in a
greenhouse. They will become dormant with no harm to the
plant material as long as their root systems are pro-
tected by .soil and the required water level. Survival
will be best in the areas that have moderate winters.

b. Tubers, depending upon their size and species, are han-
dled differently. They can be maintained, moist but not
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wet, In cold rooms for a period of time. Large tubers
such as saltmarsh bulrush may be best handled by planting
in soil beds rather than stored in more expensive refrig-
erated space. Small tubers such as chufa can be stored
in moist but not wet containers in a refrigerator.

c. Dormant cuttings from deciduous species such as willows
should be stored wrapped in moist peat moss or buried in
sand in a dark, cold room (5° to 10°C) until time to
plant. Cuttings then either can be transplanted imme-
diately to the field site and rooted the re or can be
rooted in a propagat ion room and planted as transplants.

Herbaceous cuttings should be taken from growing plants
and either broadcast directly on the site or rooted in a
greenhouse for later transplanting.

127. Plant material must be maintained by an active watering and

fertilization program until time to move it to the field site. This
• maintenance requires experienced personnel. Fertilize each standard

size gallon pot with no more than 1 tablespoon of all—purpose fertilizer

(13—13—13, NPK) no more often than once each month. Small peat pots

require much less fertilizer, and large soil beds may have fertilizer

broadcast on them. It is not necessary to fertilize dormant plants.

If storage periods are to be of short duration, fertilization could
- - possibly be delayed until after the site is planted.

Pilot propagation st~4y

128. In a marsh development project where there are unknown fac-

tors such as seed or sprig collection and planting techniques , effects

of animal depredation, rate of plant spread, heavy metal uptake, or

lack of experience in similar projects , it is prudent to conduct a pilot

study (Barko et al. 1977). A pilot project is particularly advisable

if the project is a large and costly one (Figure 25).

129. A pilot study’s main purpose is to determine whether or not

the selected plant species and propagules will grow under conditions

found on the site. The study can be conducted in less than a year,

but the test species should be allowed to grow for one full season

before conclusions are drawn. Such a project should be of sufficient

size that it will accurately reflect future operational difficulties.

Each selected species should be tested against all site conditions, and
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Figure 25. Pilot propagation study at the Miller Sands
site. Several species were tested prior to full scale
planting. A pilot study provides a low—cost method of
testing project feasibility and determining such vari-
ables as best species , elevations, propagule types,

need for fertilization, and need for protection

it may be advisable to test more than one propagule t~rpe, propagation

method , planting time, and plant spacing for each species. The size of

the pilot study is limited only by the desired tests, the time available

for such testing, and funding. A simple statistical design will permit

quantitative evaluation of the study where prediction of degree of

success or failure can be made . The success of these plants can gener-

ally be evaluated by observation of survival. Test plots established

should be evaluated on a regular basis to determine survival and growth,

natural plant invasion, erosion, and animal depredation. Same—position

photography on a regular basis is also valuable in obtaining a good

record of plant success, growth, or die back.

Time of planting

130. Time of planting is very important regardless of the proga—

gule type used. For example , seeds planted before the last frost in the

spring may suffer heavy damage, and planting in midsummer may result in

heat and drought stress of the seedlings as they sprout. Vegetative
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propagules may be planted when the ground is not frozen, and when the

day temperatures average less than 20°C. With provisions for local cli-

matic extremes and periods of severe storm or tide activity, propagules

are best planted in early to midspring. Along the Gulf and South

Atlantic Coasts planting is recommended in all but the summer months.

Fall planting, although a horticulturally acceptable practice, is not

recommended for marshes as severe loss of propagules may result from

erosion of sediments away from the root systems before regrowth begins

the following spring. To lessen shock, propagules held in storage

inside a nursery or greenhouse should not be planted until temperatures

at the field site are at least as warm as the storage area. Propagules

held in shady areas should be gradually acclimated to sunny conditions

to prevent blistering and death of leaves. Propagules should also be

acclimated to the salinity that exists at the s te . For example, if

saltmeadow cordgrass propagules are dug from a donor marsh of 5—ppt

salinity to be planted in a marsh of higher salinity, they could be main-

tained at 5—ppt until about 2 weeks before planting when they should be

moved to a solution of the same salinity as the accepting marsh. If

there is a large difference, gradual acclimation is necessary.

Dredged material (soil)
bed preparation and treatment

131. Initial dredged material assessment should have revealed cer-

tain characteristics of the substrate: texture, salinity, nutrient level,
and potentially toxic levels of metals, pesticides , petroleum products,

etc. These characteristics were considerations used to select species

and propagules and now must be considered in the preparation of the soil

bed and any treatments needed for planting such as liming and fertiliz-

ing. Actual plot preparation should take place just prior to planting

of the site (Figure 26).

132. Grading. Sandy dredged material disposal sites often can be

graded to achieve desired slope and elevations (Figure 27). Fine—

textured material seldom can be easily modified once placed. See

paragraph 96 for further discussion on grading.
133. Liming. Dewatered and potentially acidic material may be
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Figure 26. Preparation of sandy dredged material at Bolivar
Peninsula prior to planting. Such activities may be appli-

cable only on sandy substrates
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27. Site grading at the Buttermilk Sound site.

~L~ t rates can often be easily manipulated to
v u ~~ elevation , drainage , and species diversity
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encountered at higher elevations within the marsh development site.

Modification of the pH of this dewatered material may be necessary if

the pH is less than 5.5 Lime is available in several forms, either
bagged, shipped by the metric ton, or straight from the quarry. Rates

of lime should be determined by seeking advice from soils experts in

the local area (county extension agent or Soil Conservation Service

representative).

1314. Fertilizer. Fine—textured dredged material seldom needs

fertilizer, as it tends to be rich in nutrients. A positive short—term

plant response generally can be obtained by fertilizing sandy material

although long—term survival of the site may not be affected by fertili-

zer applications. As a rule of thumb, fertilize only sandy substrates

that require rapid and luxuriant cover or that are not undergoing active

accumulation of fine material (Figure 28). Fertilizer is best applied

to the site before any propagules have been set out or placed adjacent

to each vegetative propagule after planting. A good general all-purpose

fertilizer such as 13—13—13 ( NPK ) should be applied at a rate based on
soil test analyses. Split applications of fertilizer——an initial

application and a midseason application——will result in a more evenly

distributed nutrient availability to the plants. This can also be

accomplished by using slow—release fertilizers.

Planting the site

135. Seeds. Seeding has the advantage of being inexpensive ; how-

ever, unless demonstrated to be successful in a pilot study, seeding

must be considered an unreliable method of propagation. Seeds are not

recommended as propagules for fine-textured dredged material. Seeds on

sandy dredged material should be sowed in a well-prepared seed bed that

has been plowed and/or disked several centimetres deep. Dry seeds may

be broadcast by a hand—whorled seed thrower; all may be sowed in rows and

covered with soil by hand. They may also be drilled in rows with a me-

chanical tractor—operated planter (called a drill—box), which will cover

the seeds in the same planting operation. If equipment is available and

the site accessible, mechanical seeding is much faster, more efficient,

and more economical than hand—seeding. Seeding rates per hectare vary
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Figure 28. Fertilizing sandy test plots at the Buttermilk
Sound site before planting. Fertilization is seldom
necessary on fine—textured material but may be desirable

on sandy dredged material

with each species , as does the depth of planting. Seeding rates are

dependent on the plant species selected; however, a rule of thumb is

that seeds should be sowed generously to allow for the low viability and

reduced germination rates often found in wild plants. Depending on seed

size and germinat ion rat e , this planting rate may vary from 100 to 500
seeds per square metre . A rate of 100 smooth cordgrass seeds per square

metre has been recommended by Woodhouse et al. (19714). Small seeded

species are usually planted at a depth of 2 cm or less, compared to 2—

to 5—cm depths for larger seeded species.

136. Vegetative propagules. A well—prepared seedbed is best for

vegetative propagules. It may not be possible to thoroughly prepare a

seedbed, especially in fine—textured dredged material. As long as the

bed is weed—free , relatively cleai of debris , and loose, the preparation

is ade’~uate. The most common method of propagation is transplanting

by han i (~~iiure ~~~~~~~~. If the site is t raf f icable, it may be possible to

part ially ru~e : n — t n i Ze the O~ )er~tt i Ofl . For example , Salt Pond No. 3 was
pl anted in part by hand from a t ractor—drawn sled (Fi gure 30) .
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Figure 29. Hand labor is the most common method for
transplanting marsh development sites
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Figure 30. Planting techniques used at the  Salt Pond No. 3
si te. A tractor— drawn sled was u~~ d to u-a r t i a l i :r  mechanize

the plant~ n~ operatic ’n
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137. If the site is not trafficable, propagules must be planted

by hand. On very poorly consolidated dredged material, planting is

difficult but possible (Figure 31). Innovations such as planting from

small rafts at high tides or using floating walkways to gain access

have shown promise. The previously suggested pilot study offers an

opportunity to field test innovative techniques or equipment (Kruczynski

et al. 1978, Willoughby 1978).

138. Propagules with both roots and top shoots should be planted

so that the entire root system is in the dredged ma~eria1 and the top

shoots erect after the soil has been firmed around each one (Figure 32).

Propagules of only underground material (tubers, rhizomes, rootstocks)

should be planted shallowly (less than 5 cm deep) .

139. Propagules should be spaced according to the propagule type

(see paragraph 107). Large transplants may be spaced on 1.0 to 1.5—rn
centers. One—metre—center intervals will result in cover in 1 to 2

years; same-year cover can usually only be obtained with large trans-

plants spaced closely together. If very rapid cover is not a considera-

tion and funds are limited , more distant spacing (2 to 3 m) will result

in full cover in 2 to 14 years , at a considerable savings in propagules ,

manpower, and costs. However, an increased erosion rate may result if

distant spacing is used. Sprigs and seedlings are usually spaced on

1.0—rn centers unless faster cover is desired. In that case , these prop—

agules may be spaced as close as 0.3 in. Underground plant material,

because of its slower growth and susceptibility to washing away before

establishment, should be planted on 0.5—rn centers to ensure an adequate

number of propagules to establish the site.

1140. Cuttings should be placed upright with two thirds of their

length in the soil, and the soil firmed around them. They should only

be planted in areas of little or no tidal or current action. Smartweed,

glasswort, and other herbaceous cuttings may be broadcast on the site

and gently raked into the loose soil so that they are lightly and inter-

mittently covered, then rolled to firm the surface.

Plants for dikes

1141. Temporary or permanent dikes must often be erected to contain
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Figure 31. Difficulties in hand—planting a fine—textured
dredged material site at Apalachicola Bay. Poorly consol—
idated sites must be hand-planted. Innovations such as

floating walkways may be needed at similar sites
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Figure 32. Firming dredged material around each transplant
to prevent tidal washout
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fine—textured dredged material. It may be advant ageous to stabilize

these with plants to reduce erosion (Figure 33). Representative plants

that may be used successfully on dikes in coastal areas are saitmeadow

cordgrass , saltgrass, groundsel tree, marsh elder, common reed, seaside

goldenrod , beach panic grass, and coastal bermuda grass. These are

established using agronomic upland practices set forth in Hunt et al.

(1978) and in Coastal Zone Resources Division (1978).

Figure 33. Planted dike for stabilization
at the Windmill Point site

1142 . Dikes in interior and freshwater areas may be planted with

species such as tall fescue, reed canary grass, giant reed, common reed,

common Bermuda grass, and switchgrass. All these species may be seeded,

and most are commercially available.

Natural invasion

1143. An alternat ive to marsh propagation has not previously been

presented: natural invasion. The primary disadvantage of natural

invasion is that it may take place very slowly. A period of years

may be required for propagules to float onto the site by tides or

currents or to be carried there by birds and other wildlife. Growth
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from that point may also be slow; in the meantime, erosion and aesthetic

problems may occur.

i1414. Another disadvantage to natural colonization is that undesir—

able plant species may be the invaders, especially if propagules of

• these species are available from nearby sites. An example of this is

the agressive invasion of common reed onto sites left to natural colon-

ization. ‘4hile it is an excellent soil stabilizer, common reed often

crowds out more useful species and is of’ little benefit to wildlife.

Prediction of invaders may be unreliable since there are a number of

candidate species.

1145. Natural colonization of’ marsh sites is feasible and desirable

under certain circumstances. In those cases where abundant , desi rable

propagule sources are near, when rapid cover is not necessary, and when

environmental conditions are not harsh, natural colonization is an

inexpensive, simple means of establishing vegetation. An example of

these conditions was provided at the Windmill Point site, which became

vegetated 6 months after construction (Figure 34 ) .
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Figure 314. Natural colonization at the Windmill Point
site. A variety of fresh marsh plant species (picker—
elweed , arrow aruin , smartweeds , and broadleafed arrow-

head) invaded the site
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Postpropagation Maintenance and Monitoring

i46. There are two major considerations in postpropagat ion phases

of any project: to maintain or not to maintain the site. Nonmainte-

nance has advantages of allowing natural succession to take place once

the initial establishment is assured and involves no additional expendi-

t ures . Disadvantages that could result from lack of maintenance are :

a. Invasion by unwanted and undesirable plant species result-
ing in a major alterat ion in the s ite and its intended
purpose.

b. Colonization by undesirable wildlife species that may
exclude species for which the site was originally
intended.

e. Major changes in topography such as breaches of dikes,
severe storm damage, and erosion gullies. These should
be repaired to prevent unwanted alteration of the site.

1147. There are several reasons for monitoring a site and continu-

ing site maintenance. These are :
a. To determine the need for further soil treatment, e.g.,

fertilizer application.

b. To arrange for replacement plantings or additional
plantings.

c. To determine the need for control measures for inverte—
brate and vertebrate pests, plant diseases, or invading
plant species.

d.. To remove accumulation s of litter or debris that might
smother the plantings .

1148. An additional reason for continued monitoring of the site is

the systematic collection of data that may be used to de~.ermine the

feasibility of marsh development at other sites. Technolo~ r concerning

marsh establishment is still in beginning stages and basic quantitative

data on the success or failure of various techniques or methodologies

will substantially advance the state of the art.

1149. Techniques for monitoring a site should be tailored to the

site itself and the monitoring objective . Either ground observations

or remote sensing or a combination of both may be appropriate. See

paragraph 114 for further discussion of ground sampling. Reimold et al.
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(1978) describe use of remote sensing on smooth cordgrass marshes . Two

additiona l sources of information are National Academy of Sciences (1970)

and the International Symposia on Remote Sensing of the Environment

4 sponsored annually by the University of Michigan.

Potential Problems

Project timing

150. Dredging and biological calendars frequently do not match.

There are two key items regarding biological scheduling :

a. Predictable lead time is necessary to prepare some
propagule types .

b . Planting is usually best in the spring .

Transplants grown in a greenhouse cannot be held beyond a certain point

without greatly increasing costs and weakening the propagules . Similar—

ly, seeds must be collected when they mature in the field and often will

not remain viable for extended periods of time. Dredging schedules are

often variable , particularly so when new disposal techniques are being

employed . In most situations the dredging schedule will predominate;

therefore , it is best to not initiate all planting preparations until

dredging times are assured . In most situations a delay of 4 to 6 months

between completion of dredging and propagation will be acceptable. If

this is not acceptable , the dred ging schedule should be adjusted if pos-

sible. Late summer dredging will usually result in a site being ready

for propagation in the spring of the following year . It will often not

be possible to dredge and plant in the same calendar year as both proce-

dures are subject to time constraints and delays.

Contaminant uptake by plants

151. Metals and chlorinated hydrocarbon compounds commonly asso-

ciated with industrial , agricultural , and urban areas may be transferred

to marsh plants from the air , water , or marsh substrate. When contamin—

ated dredged material is used for marsh development , the potential for

contaminant transfer should be considered . Studies by Gambrell et al .

(1977), Khalid et al. (1977), Lee et al. (1976 and 1978), and Lunz (1978)
indicated that contaminants are transferred from marsh soils to plants
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under conditions tha t are influenced by the characteristics of the -contam-

inant , the p lant species, and physical and chemical soil properties .

152. Plant species differ in their ability to select or exclude

• certain chemicals for uptake or internal transport. Most of what is

known about plant selectivity is the result of agricultural studies of

crop plants In upland environments. At this time, information about marsh

plant contaminant uptake is not adequate to describe the importance of

the plant species relative to the other environmental conditions affecting

contaminant transfer . The nature of the contaminant itself is important.

For example, lead is usually limited to underground plant parts and is

not readily transported to aboveground plant parts; mercury is readily

transported through the plant to aboveground plant parts. Soil properties

are important because they influence the physical and chemical form- of

a contaminant. Soil organic content , cation exchange capacity, pH, and

oxidation—reduction potential (Eh) affect the maintenance of a contaminant

in a more or less soluble or insoluble condition. In most instances , a

contaminant must be in solution before it can be taken up by a plant .

Because a contaminant is soluble in a soil—water system does not mean it

will always be taken up by plants , but there is a relationship between

solubility or ease of solubility and potential uptake. If environmental

conditions maintain a contaminant in a solid phase , that contaminant can—

not be transferred to plants. If conditions allow the contaminant to

enter a solution or gas phase , the potential for plant uptake is

increased.

153. Because of the complex and poorly understood interactions

between marsh plants and soils affecting contaminant transfer, and the

evidence that transfer can occur, under certain conditions, an empirical

field test procedure is recommended. Preliminary specifications for a

relatively inexpensive field procedure called a bioassay experiment test

(Figure 35) are presented in Wolf et al. (1978), although certain refine-

ments are necessary before this method is ready for general field appli-

cation. A general discussion of the use of contaminated dredged material

in marsh development with management recommendations is presented in

Garnbz-ell et al. (1978).
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(c)
Figure 35. Field bioassay experiment test. In this test for hea~ r
metal uptake by marsh plants, a serie~; of experimental units, (a) are
filled with the dredged material in question , (h) placed in a natural
marsh , and (c) planted. After a period of growth the plants are har-

vested and ~j e’.~i ~rowt h • ;  ~j r ~- 11; - -d for ‘n~ :~ -iiri a nt uptake
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Invasion of
nonpreferred plant species

1514. In brackish or freshwater marshes, invasion of unwanted plant

species can occur readily if propagules of those species are already

- : present nearby. The most frequent invader in the east and Gulf Coast

areas with the exception of south Florida and Texas is common reed ; in

freshwater areas , broadleaf cattails may create dense stands. Although

L these two species have value fo r soil stabilization and wildlife use ,

they may grow in too dense a stand for maximum wildlife diversity and

require control. If the final elevation of a salt marsh substrate is

higher than planned and relativel y free of tidal inundation , common reed

and more upland species may invade. If it is high but tidal inundation

still occurs , a high marsh may result when a low marsh was planned .

Pests and diseases

155. Wildlife and feral animals of domestic breeds can destroy

newly planted vegetation or retard succession by grazing or trampling.

Grazing pressure varies among regions and situations . For example ,

Canada geese destroyed many plants at the Windmill Point marsh site

(Lunz et al. 1978), but goose depredation was minimal at the Miller

Sands site (Crawford and Edwards 1978) . Potential control methods

include fenc ing the site to exclude pests , trapping and removing pests ,

locating the site at a sufficient distance from pest sources , and plan-

ning the project so as r~ t to coincide with a known pest problem . Infes-

tations of harmful pests such as chewing insects and snails will cause

occasional prob lems and should be dealt with , if necessary, as ‘-hey occur .

Pest prevention techniques should be tailored to the site. Garbisch

F- (1977) has additiona l suggestions on pest control.

156. While plant diseases do occur among marsh species , healthy

stands will generally not become heavily infected. Only in cases of

severe infections should control measures be undertaken. Since the water

tha t flows in and out of a marsh serves as a source of reinfection ,

cutting and burning or spraying techniques such as those used for con-

trol on upland sites (Hunt et al. 1978) may have no long—lasting effect

on the marsh site. However , these techniques may serve to temporarily
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control a disease until healthy plants can reestablish themselves on the

mar:n .
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PART V: COSTS

157- The costs of planning, constructing, and propagating a site

are based on many considerations, which are discussed in Parts II, III,

and IV of this report. Costs of the site are determined from decisions

regarding these considerations and the project goals and are usually

very site—specific . Each of the six D~~P marsh development sites varied

considerably in cost, reflecting the various specificities and research

demands encountered.

Planning

158. Planning costs involve site selection, site characterization ,

engineering and planting design, and coordination. In a comparison of

two DMRP field sites, planning and engineering design costs were

$1~5,OOO ($5,600/ha) at Bolivar Peninsula and $35,000 ($l4 ,li~0O/ha) at

Windmill Point. Both of these sites are approximately 8 ha in size.

The planning and engineering costs of these projects were increased by

detailed research aspects and difficult site problems. More conven-

tional marsh development sites should have substantially lower planning

costs.

Construction.

159. Construction costs vary greatly and are influenced by such

variables as access to the site, distance between the dredging and

disposal sites, dredged material and foundation characteristics, energy

regimes, cost of protective structures, availability of equipment, and

local labor rates. Most of the construction costs encountered in marsh

development are associated with conventional methods of confined dredged

• material disposal. Special costs associated with habitat deve1o~ nent

may include fencing or elevation adjustments. The variable costs of

protective structures are presented in Table 8. Construction costs

exclusive of actual dredging were $288,000 ($36,000/ha) at Bolivar
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Peninsula and $167,500 ($21,000/ha) at Windmill Point. These totals

include dike construct ion and maintenance, postconstruction grading and
elevational changes, and other site preparation measures. The reason

for the substantial cost difference is primarily the result of use of a
more expensive protective structure (fabric bags) at Bolivar Peninsula.

A temporary sand dike was employed at Windmill Point.

Propagation

160. Dollar figures and estimated times for planting have been

given by several investigators (Dodd and Webb 1975, Garbisch et al. 1975,
Knutson 1977, Morris et al. 1978, Ternyik 1978, Woodhouse et al. 1972,

and Zarudsky 1975). Because of regional differences, plant species
• selected, collection and planting techniques, skill of personnel, and

other factors, these costs varied greatly. The transplant figures pre-

sented are expressed in cost per hectare, assuming that plants were
established on l—m centers (10,000 plants/ha). Depending upon project

objectives, cover could be obtained by more or less intensive plantings.

A 0.5—m spacing would require 140,000 plants/ha; 2—m spacing would re-

quire 2,500 plants/ha. It is advisable to plan to obtain more propa—

gules than the estimate needed for contingency in case of the loss of

some propagules, death of some plantings, or the site being constructed
at a different elevation than planned.

161. Woodhouse et al. (1972) found that collecting and transplant-

ing smooth cordgrass by hand on 1—m centers required 134 man—hours/ha

on sandy dredged material in North Carolina. He also experimented with

smooth cordgrass seeds and found harvest more efficient by machine than

by hand. In general he and Garbisch et al. (1975) found that seeds are

an economical propagule type but have the least successful establishment
rate.

162. Dodd and Webb (1975) compiled data from their research on the

Texas coast, showing man-hours/1000 plants required to hand dig, sepa—

rat e, and transplant various propagule types of 11 marsh species

(Table 9). Variations in man—hours resulted when difficulties were
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encountered in separating clumps or digging dense, stout root systems.

• These figures range from 11.3 to 29.3 man—hours/l000 plants (113 to 293

man—hours/ha).

163. Planting of the Miller Sands marsh site in the Columbia
River, which was composed of sandy dredged material, is described in

Ternyik (1978). Table 10 shows transplant digging and planting man-

hours and costs, and Table 11 shows seed collection man—hours and costs.

Ternyik encountered only minimal difficulty in obtaining and separating

material. Tufted hairgrass transplants required 87 man—hours/ha for
digging and planting, the least manpower required for those species

planted at Miller Sands. Low manpower efforts at this site overall are

probably reflections of a professional nursery work force, highly

skilled in transplanting techniques.

1614. Marsh propagation costs will be extremely site—specific and

will reflect such factors as logistics, man—hour costs and efficiency,

planting design, and the texture of the substrate. The data presented

here are developed from sites that could support conventional equipment.

Poorly consolidated, fine—textured dredged material will require more

man—hours to propagate due to traffieability probl ems.

165 . As a general rule, man—hour efforts should range from :

a. 100 to 200 man—hours/ha for transplants and sprigs.

b. 100 to 150 man—hours/ha for rhizomes, tubers, and
root stocks.

e. 10 tc 140 man—hours/ha for seeds.

The above figures are for labor only and may be used to calculate costs

of the propagation effort based on current labor wages.

166. Equipment and supply costs are indicated below, and are

estimates in 1978 prices.

a. Bulldozer for elevational adjustments and transplant
bed preparation——$30 to 75/hr.

b. Tractor and disk for seedbed. preparation (coarse—grained
material only)——$10 to 35/ha per trip over the site,
$20 to 70/ha for double cutting.

c. Fertilizer. All—purpose 13—13—13 (NPK)——$l3.20/lOO kg.
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d. Lime. Costs of lime and spreading——$lO to 15/metric ton.

e. Plants from commercial source. Marsh transplants may be
obtained from a few commercial firms at costs ranging
from $0.14 to $0.75 per plant, and seeds of some species
may be available. Consult a local source for these
propagules. A list of commercial and Government sources
of upland propagules is given in Hunt et al. (1978);
many of these firms will supply limited marsh propagules
as well. DMRP commercial sources included Wave Beach
Grass Nursery, Florence, Oregon; Environmental Concern,
Inc., St. Michael’s, Maryland; and San Francisco Bay
Marine Research Center, San Bruno, California.

167. In estimating costs for any marsh habitat development site,

the most important thing for the planner to remember is that all sites

are different, and each site must be evaluated on an individual basis.
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Table 1

Addresses of U. S. Fish and Wildlife Service Regional Endangered

Species Coordinators, by Region and State

Region States Included Coordinator’s Address
Alaska Alaska Endangered Species Coordinator

• Area U. S. Fish and Wildlife Service
813 D Street
Anchorage, AK 99501

1 Washington , Oregon, Endangered Species Coordinator
Idaho, California, U. S. Fish and Wildlife Service
Nevada , Hawaii Lloyd 500 Building

500 N.E. Multnomah Street
Portland, OR 97232

2 Arizona, New Mexico , Endan gered Species Coordinator
Texas , Oklahoma U. S. Fish and Wildlife Service

Federal Building, U. S. Post
Office and Courthouse

500 Gold Avenue, S.W.
P. 0. Box 1306
Albuquerque , NM 87103

3 Minnesota , Wisconsin, Endangered Spec ies Coor dinator
Michigan, Illinois, U. S. Fish and Wildlife Service
Indiana, Ohio Federal Building, Fort Snelling

Twin Cities, MN 55111

14 Kentucky, Arkansas, Endangered Species Coordinator
Tennessee, North Carolina, U. S. Fish and Wildlife Service
Louisiana, Mississippi , 17 Executive Park Drive , N.E.
Alabama , Georgia, South P. 0. Box 95067
Carolina, Florida, Puerto Atlanta, GA 30329
Rico and Virgin Islands

5 Maine , New Hampshire , Endangered Spec ies Coor dinat or
Vermont , Massashusetts , U. S. Fish and Wildlife Service

• Connecticut, Rhode Island, One Gateway Center
New York , Pennsylvania, New Newton Corners, MA 02158
Jersey , Delaware, Maryland,
West Virginia, Virginia

6 Montana , North Dakota, Endangered Species Coordinator
South Dakota, Wyoming, U. S. Fish and Wildlife Service
Nebraska , Iowa , Ut ah, 10597 W. Sixth Avenue
Colora do, Kansas , Missouri P. 0. Box 25486

Denver Federal Cent er
Denver , CO 80225
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Table 2

Laboratory Testing of Fine—Grained Cohesive Soils’

Test Purpose Scope of Testing

• Visual Visually classify the soil in accor— All samples
classification dance with the Unified Soil Clas-

sification System

Water content Determine the water content of the All samples
soil in order to better define
soil profiles , variation with
dept h, and behavioral
characteristics

Atterberg limits Foundation soils: for classifica— Representative samples of foundation
t ion , comparison with natural and borrow soils. Sufficien t sam—
water contents, or correlation pies should be tested to develop
with shear or consolidation a good profile with depth
parameters

Borrow soils: for classification .
comparison with natural water con-
tents, or correlations with opti-
mum water content and m~~ imum dry
densi t ies

Compaction Establish maximum dry density and Representative samples of all borrow
optimum water content soils for compacted or seniicom—

pacted dikes:
Compacted — perform standard 25—blow

test
Semicompac ted — perform 15—blow test

Consolidation Determine parameters necessary to Representat ive samples of compacted
estimate settlement of dike and/ borrow where consolidation of dike
or foundation and time—rate of embankment itself is expected to
settlement . Also , to determine be significant
whether soils are normally con— Representative samples of founda—
solidated and to aid in esti— tion soils where such soils are
mating strength gain with time anticipated to be compressible

Samples or fine—graine d adjacent
and/or underlying materials at
structure locat ions

Permeability Estimate the perviousness of bor— Generally not required for fine—
row and/or foundation soils and grained cohesive soils as such
so calculate seepage losses and soils can be assumed to be
time—rate of settlement essentially impervious in seepage

analyses. Can be computed from
consolidation tests

Shear strength Provide information for retention Pocket penetrometer and miniature
stru cture design vane (Tor van e for rough

Pocket penetrometer , miniature estimates)
vane, unconfined compression, Unconfine d compression tests on
and triaxial tests to determine saturated foundation clay s with—
unconsolidated—undrained out joints , fissures , or
strengths and consolidated- slickensides
undrained strengths. Direct Appropriate triaxial and direct
shear tests to determine shear tests on representative
consoli dated—drained samples of both foundation and
strengths as appropriate compacted borrow soils for dikes

* Modified from Hammer and Blackburn (1977). 
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Table 3

Laboratory Testing of Coarse—Grained Noncohesive Soils*

Test Purpose Scope of Testing
Visual Visually c lass if y  the soil in All samples
classification accordance with the Unified

Soil Classification System

Gradation Determine grain—size distri— Representative samples
bution for classification of foundation and bor—
and correlation with per— row materials for
meability and/or shear dikes
strength parameters

Relative den- Determine minimum—maximum Representative samples
sity or density values or maximum of all borrow mate—
compaction density and optimum water rials for dikes. Use

content values the test which gives
greatest values of
maximum density

Consol idat ion Provide parameters necessary Not generally required ,
for settlement analysis as pervious soils con-

solidate rapidly un-
der load and posteon-
struct ion magnitude is
usually signif icant

Permeabil ity Provide parameters necessary Not usually performed ,
f or  seepage analysis as correlations with

grain size are nor—
mally of suf f ic ien t
accuracy

Shear strength Provide parameters necessary Representative samples
for stability analysis of compacted borrow

and foundation soils.
Consolidated drained
strengths f rom direct
shear and triaxial
tests are appropr iate
for free—draining
pervious soils

Conservative shear
strength values can
usually be assumed
based on test results
f rom similar soils

* Modified from Hammer and Blackburn (1977).
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Table 5

Construction Equipment Available for Habitat Develor~ient

Equipment Used
Operation On Land — 

In Shallow Water Of f  Shore

Clearing Bulldozer Dragline on Floating dragline

foundation Dragline timberinats

Obtaining Bulldozer Clamshell Barged dragline

material Dra gline Dragline on Clamshell

Truck tran sport pont oons Hydraul ic dred ge
f rom borrow Dra gline on and pipel ine
area timberinats Barged transport

Hydraulic dredge from borrow area
and p ipel ine

Truck transport
from borrow area

Plac ing Dragline Dragline on Bottom—dump scows

material Bulldozer pontoons Barge with conveyor

Hydraulic fill* End—dumping from Hydraulic fill*

End—dumping from trucks Barged dragline

trucks Hydraulic fill

Shaping and Bulldozer Bulldozer Bulldozer

compact ing** Scrapers Haul traffic Dragline
Haul traffic Dragline

Placing ____ 
Clamshell Barged clamshell

riprap

* Various hydraulic fill procedures have been used, inc lud ing: bleeder
pipe (on land, shallow water); whooping crane (on land); spilibarge

(on water)—-.used virgin clay source; floating swing discharge line.

** Compaction normally carried out on 0.3—rn added layers of fill on

emergent portions of dike. 
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nor. .0iot but ro t lOt Ot 1°C ; brood— highly pr odu,,iv. plant, y pro daco
cOat 00 lit. sod r.k. i,to tot ). t.obeuu ltondu.on of tub .,. p.r pt .ti. 5..). ,
a. v.ry .5.11 and say ha tr..tod .. ..od.. tuhor . , foli.gn .11 r .llgb.d.

Gonu. r.r.d2 
Tra.ap l.ntn , rooc.,o.’b Dig pin,,.; di.)).; rop laot on lit. II..) for oontit g by .00484.4. , SSrlh

or pot f or holding. Dig root.to ok; bird. . .nd Crator hi rd.. St.bili...
.opar.t. int o letS... witb .~ 1..st .011; r .pid growth n u b  t.li m n ) .
on. growth psi,,, plant oo .1,. . for . . Dafloin . p.00 pla,. t.

C.a. nhr. ..q..r.
2 

Tr001pi.t,. , cob.r . Dig plant. . divi d. .r .pl.tt on sit. Good .ouro . Of food for n.torf owl ,a, ‘a d~ptb or pot for holding . Dig no.br .t. , nod tot ris . 4.04 for toil
tuha r .; dlvid.; no , off  top .4,00,, •t .biit n, ioo.
if pr..n o; r.pl.,t, On li t..

Dull. doohp., a,o4. tr oo.pl.ntn Dig plant. . .fl ant . ildiri dua l.; goo.il.ot ,a,.r fool food .rorn,;ropl .nt Oo t i l t  at In . d.p tb ,r pot good loll •t.bilt ..r ; only grow. Ill]f or holding. 00 f it. tInt ,..) goill.
0.nb 2 0.04. Coll.o t 50044 58,00 5~0oro 04)y t o Good food .oors. for •nn ab trd n (.ood nl.July > ;  .tOro dry or roan t or. to r . ~~rd y .patu.. O ltot I. good soilor 1...; plant broadcast on lit4 In) •ta b ilioor .

n b .  colt ..ul.
D.,t.d ls.rnw..t42 

it.)., nuttir .g. Cnllltt ,nd.; .Oor . dry •1 root Good loll .t.bili..r; good coy,r forn .r.g,01 or log.; hmo.do,,, on doobll.gn; .ood. .otn by ,at .rfow l ,si t. .04 r.bn 4410 soil. Tuba cs~ t ing. a.nbr .t. , lad doer.fran n.t,ra l Sta n) ; bro od..., 00 s.c
I rs. no .it. (not .t atdi,g On t o r).

(Co,tin..d)
1 Tr aoopl.rri. in,l.d. plop, group. of Itdl,lds.l.. vary larg. .oodlitg.. at) l.rg. shot. pl.tt.. (~~ e.t I of I)2 laos. to oooor on dr.dg .d na ri nl, 3 Coamsiully s.ull.bl.. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~--—~~~~~ -— ~~~~ . . - - .
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St. , ill Duo sd.d prlp.goi.. Gan aral o.lboot in , b..dling. g rko
o.d pb ,t ing tonboiqu.,

Dnobp,tuto 2 Tm.n.plaat. Dig pInon. ; 10p.m.,. I.d mo idusl. ; 100.11.., food tour., for .an.rtoo l.
r.pla.t an .10. ir pot 4.. holding.

gnoboaad. 1 
~~~lu plan t. Colluo t buobat s of pIn. ,. I mu. .stor. l loo.llo.t food Slur s. for wut. rf ool .

eta .) to vat. ’; plnon .5.1. pla.nu to n.pocmallp .,od dusk. . Good ooolr.
n000dit g p.n.0n t eator o. Sit.. is anop .0.18, oat ho pat in lt .odtng

oor.r that lboold 5. hapt opon.

lab groan2 T,...p1.sil DIg al. p. lick Coring do.ia..;rop la.t Good toll .tub iliO.r ; food toa000 for
I. Shallow .snun.r 0 m b  0 .inI.... of di.i..g doCk.; p0,014., cOo., for son ,.
ourr ln, on So. aonlo. . orga.ia.

turoplus gb.aawnr t 1 (anti oga . root .,00b Tnb.. 5—13 Os Costin g. (ro t top ohool.; m . d  pr mno r ily for .011 ut.bili..tion .
b roadn uln on Itt or.. of sin.. Dig root— Poor wild.h (o food 0..; oaa.iooally
.00th ; dlvi). itt o tbsp.; r.pla.l on oso) by u.loi.g oolool. l n.sbird..
.inI at na. d.pih.

nlsh r i.tylin youupingt.. oo~dl DIg plant.; olp.r .,. i.d ivid.al.; re— loin too) .oorn. for ,.ngblrd . .04
plaal an .ita uO go.. doptb or pot for .oc..ionally for .lt.rf ovl.
holding . Colilo t gold. oh., snor.
(Jn ly—Dlpt. 1) snows dry ; broadna,t on
,inn ..d ru bs Into toil .

Po.iail 4000100 2 DI n g . , s.edo Dig young plsntl; roplons s. .pr lg. Good .oo000 of food for loot bird. ,
on alto at sate d.pth or p0, for hold— br . v..r . end gr .s.r , . rod.gto. Co.,,
ing a. tra oupl. ntn . Collon t 005)o oha, for .o,y oildlif 0 lp loi.n.

t000 (.Dur.n-4l~t ,dtpnsdtng ups. spnci.n);
unor, dry St S C; broadio.t on nib .

Vr.ok,nt. Tro..pla.tl Dig plant.; a.pum.t. Indioido.lS; rI— loll ‘lab ili,.r ; poor loon.’. nf food
p l.ot On Ii,. 0, 5us~ dop cb or pot for but on .  @50 .0 000.r by oild lif..
holding.

Frog bit 2 load. Colleo n ...ds .50. sotar. (J ul y—iopt ) ; Good ...d .oorce mom .ongbi rdo; C000r
.00,0 d ry St roan ta p.rflor. , or 1.1.; (or all ,r i.Sl. .0) bird.; non, on,
bro adoalo oit Silo au ) rob. into soil, for .t .hilig.t ion.

.4.ut ro n 2 l.a., t rasoplautu (allot. ’ .,.dg 04,20 aCu ro ; otor . dry D.rdy plant; good •..) .ourn o for nil)—
at roan tar.r utor., or loan; broodn oot lila; oIl) for ..ul .t.biuboo t ioo.
on .it. and rg).e into Soil. Di g plants;
divid.; r .pl.oI on sin. or pot for holding.

Groand..l 0,.~ 
2 1.1)1153. Dig ...dlingl I, n.torsl ,o.odn ; 00 10.50 incnuln,, n cov.r .nd n..t ing/br .oding

0.3-4.3 . is giobo h.ight for boot .p.oi..; 0.1) fr. qs.stly by colonial
.orvi,al; mop lant 00 nit. uO ,e.o dOpth outing nading bird . on dr.dpd nstnri ul
or pot for holding. 1.10.).. Poor food no.r c..

l.rd. ta bul rush 2 Tro sopiant ., tobor. Dig plann.; dlvi).; mop leo n 00 t ito no 100.lbooi 500) soomno for bird.; hard y
pot f or holdi ng. Dig cabot. , dI. id o I ran op.ni.o ; usod by .abro ig 0.) for noil
other p laot ..n.r inl ; out off  top Ihoot. .tab ilinotio . ,
I f pmn.ot ; plant On ~itl ot .a.. depth.

Horn.) pondosad Cutcinp , root.tooh G.th.r pi.,c ..t.nial I ran nta oding oa inr; Pair food l000nO for .ut .rfonl , ,op.oinbly
plan, oo .ito io ploas,ol~t utooding vocon dabhll.g dar k. ; pood od la..t ntab ili.or ,
am.,. Dig mooolto.’h I to. Shallow n.C.r
0mb . 08,000 pouaibl.; plant iot .nI 00 lI to .

I.r..t aul. 2 Troa,ptn.t. Dig plan,.; ,oporono individool. ; r lploot Poor food .00cc.; only on. is toil
on .ino or pot for holdiog. .t ob illsat in. ’.

Sop.,... ~~~~~ laud. lop .004. f ran r rci ai s b )  000rco, 1.0.14.01 aplot d on) ..rsh bird f nod ;
roll.)..) by s.norf .wl ; astnn by ourb.y. ,
r00000,s .nd o~bor all ani..ls . de,r;
Un.d in go, lonog000t .. food plot Soarco

Ia dy.nh, 2 Cntt iog. . •0o)~ lob. oa,tiog. 5—i) cs foot top shoot.; lans linot .oomo. of food for 000srtowl
b moodco.t 00 wIt orso of sit. ; ruto ioto nod ,platd go.. IO) ,onfb irdl.
Soil. Coll.o t sod, oh., ..iuro ; liar .
in fr. .h was.,; hmn.doost on Outs nod
robo into goil.

Lisa ,)’ . can 2 Tr051pl000. . ole). Dig piatto; n.por. to itd icidooi.; r .— FoG, food 0000.’,; used for .t .bilin.,tco
plan t on lit. O~ poo for bo ldiog. Colb oot In in lonai tnon t pond or ....
In). vtten sutoro (Juno— A ug.);  ,tor . it
I rolh 5.1., ; br oadc..t on .it. cod roko
Inca .oil.

Lob.lia Tr .n.pla,c. DIg pluotl ; eopor.tn indIvidual . ; Pour food ooomn o ; possibly auld for
r,pla,t 0O .it. or pot I or boldiog . .t u bi lisotioo.

Lotus So,). . rust.,,,). Coll.r l no.40 .4... astor . (log— Ott.); P.ir f,od .oomn. for n.tnr fovb ; r. li.h,d
onn~. 0... poon; 00,00 to fv..h va cor by ‘slid boar (coo,.); ,000ll,ot roc or
at S C; bmoado.st to ,bollow oo,.r on for d,oblingo ; pon.otio l plot it sn u.d log
.4... Dig root. noob 04... wa bor is very ,.lar on) .8*110. ,l.orvolr ..
low (la no ,nuam . f o i l ) ;  pluu t io
14.5110. water on n ino.

Lyugbyo ’. oodga 2 Tra n.plaot, , •00)o Dig pl..n. . Saparata indivldull; Good food .o,rt. for wut u rf owl uod och.r
rop la,.t 00 si n, or psi ‘r~ -h olding . blrd n ; good C000r for ..ry spool,..
Culloot So’d. ohIo lat a ro ( J o l y — D opt . ) ;
stor . dry at too. t p000t oro; brood —
rap, on Out . .

Iota. grano 2 P..d. . .pr tg, Colbooc ,nd n .8*0 .ut am.; n,or. dry I000 lb.tt .0.4 .oar r n for n.ny bird
(G. acoliflor o) at moon .sp.r.tur. or 10..; broud— 09.01.1; f,li.go out.. by all sod

.‘..n 0, a l to .  DIg young p 1.01. (00 iarg. 0,1.01.; good noo.m.

.,r lgu ; rop lu,, on .11. or pot for
p holding e. tran.p l.ot..

Hoo.a ~~~~ S..). . sprI g. Pose p,00.d, r ll oS .hov.. isetlIOOt Sold .onmcl fof any bird
(~. ~,ig~> uoo) spool.. 00) ot hnr ol ld l i f , .  good 0000r .

Grow io on, nor am... than ahoy. gp o— I. . .

(C000ioa.d I
(Sliest 2 of SI
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lobbo 7 iCont 100.1 1

ip oclen lecn ondld poopot a l.0 C.n. r .l oollortI o, . handling, m om). .
s.d p lae ni.g t.ob .iqee. _________________________________

lor .h old.C 2 SoedlIog. DIg ..odlI.go is oatorol .nand. soar Ioo.lb..t c000r sPoo iau I on bird. apd
paront plant.; ..p.r oto isd ioldual .; all .ninlS ; o.ad by noloniol 0.5cm.)
r,p lann on sit. or pot for holding. onding bird, for s..ning nohntmo ,..
Sa.dlitg. .4.0,1) ho 0.3 5 toll ginots . Po non nia l post pla,t .

Oar,), bib i0000 2 1..).. tr onp iotts Coll00 0 sO.). ohen s.t anO (Aug—Cd ); Good 000nn for hindu , eoa.iog t u rtlto;
go on. dry at S°C; plant on silo a, gnou, 00 basha of .trs s as) ponds.
l..at 3—S o. doop. Dig p lsOi. . no— Is dinnh oa ; good 0011 otobIli O er.
pl ant an nit. or pao for holding.

IPo rob popp er 2 Cu ntinga , roo notook Take 5—IS Os CannIng , I ran top .hooia; loonlIont as.) 000rc , for ,uoemfon)
broadcaSt on soc or.. of lIt ,; rake Io~ and othe r hind.; follogo bit i.r to
to .011. Dig noot. 000b ; divid. iota br ownor .; good noo.r ..d coil at. btlI o,r.
a.otiosu ; plant in own urn. of h oe.

Iisroh o.orto ..d Cut tl,go . nods Cutti ng.: Ia.. a. .bon. Coll.rt on). fonolboot ooed ‘noon. for wu,.rf owl
ohs. noon. (Juno— lop ,); goon. or and otbon hurt ; good c000r for
p laet ion.dlonely us out,; rob, is .oil. sony wildllf 5 apaol to.

~~~ p100,0)0 2 Cu ttings lob. S—I) na o.ot i000 fr os top .boonn; 0,04 soil stah ulloon I. intor .it tno t
replant in sod and wet ufto S 00 out . pondi and .,n...e .
Ink ing nor, no busy portion . of oot
niog. is toil.

Oodd ing ousmtn lo) 2 So.d. Coll105 Ia.). nO... noon. (3u0,~Sopt);  Abundant sold ooonn. for upla nd .td
I b m  in I nab onnor a, )0C; hr ..)- ,st,rfowl burd l; grows in dn iom toils
cast on silo; mob. isto .011. nba. tonI an on).; pot.n tial p.0,.

tb. tn.dD on 2 lOha,o . .ont .tn nk Dig inborn in Lain non., 0.08 full; t.o.blna t too) n00000 to. solo wild—
)ivld.; p10.0 oo lit. no p.o for onI.g h f . . e.pooially obu fu Os) rod—root. )
a. tra n.pin000. Dig moo,0000 h; dI ,Id. pads. ; na. ro i.lly .,.il.hl,; poteo-
int o 000110,.; pin.. 00 .15, , son dep sb. 01.1 post i. sgronanl.’ or oos.

0100) ’, ,br ..sq000. 2 Tr at .plan to , tub ... Dig plaot. , o.p.r n.o individ ua ls; Isoollan t food so.smoo too wnt a r f 001.
plant 00 .10. en pot Ion bold iog . .*kr .ts, soon ., all t o m b .  Good
Dig labor.; ..,505t.; pbast On .ito soil .tab iliton .
01 05 450th.

fl0000l it.). Colloo t so.). oh., ;ur l; Soon. dry Good .Ogf Oo of .0540 ton birds .04
at root Isparator . or 1...; brood— 00)0.0.; gond Ooil ,tehilie.r.

- . , 
cast on sill; rake Into soil.

Pacif ic  no rdgna o. . Tr.o.plann .. ,pnigo Dig ynuog p10.1. Iron Idgo of am,b; Only Ion rnb nail .tnbiligor Ot
pba,t at tao dlptb I .d iatoly on slat 000gt thsc tol.r.t.o both high
sprig. , or grow iu pot. a.d tr en,piost. onlinit llo ond strong c Idal oct10..
Into nina a. inmgon pla.t. . Gnnwiog in.) Soil stabi li000 , good 0000r;
ron slid. sot rena..).) a. nIlda wary ala Smooth.

Moo wary low via bility rots.

lo) og0000 leads, a..dlisgu C,lb.on sad p.). .bon solar.; plant 1000110.0 nail .tOhil i.or in .Ssnb
obolo pod .pnlgbt it nail with It .. FlorId. . Pmn qonst ly ononro on )radg.d
Is) 0~ at) out of the a,ul . Dig sad— .anorl.l island. an) oeod by colonial
litg. I ron natural stood or grow I rca .ntu.g ondl.g bird, for s.stiog .
sad pod.. Tol.rnt.a .n—stro t gtb snlinit iO g.

Poe) oonory gr ..u So.). Sty no.). f non ,aenoiul sea) .ooro.. l.,.liont soIl .n.billoor ; no_n good
oildlil. food toumd.; ,sod to d.wut.m

• on) fi l tor wosto .Snor.

10.) gre.. 2 S.ud s, sprigs C,lD.oi cad, ~~on ao,m.(July—Ie pt); 4.00ll..t I..) sour,. for bird.; grssod
steno dry at S C; hn,adn..t on .1,0. blavlly by aol. Sod rod ..tn. food
Dig ywa.g plants to 0~ 0 for upnigo ; toil .tabi lionr.
Sor.rut. lndivid..l.; pluot on sit.
or pot for growing u~ transplant..

~aod son, gross 2 is -Ide . spn ig. I.., pr 000donO a uS .8*00. is. v.10. .. shown Oh.,. .

SIn. oo sgr.ss 2 1.0). . spr ig. 0.11.0 1 sal). oh., atur. ~St y—Joly );  Good no.) and foliag. food loomno for
stow. is IrIsh toter at D C; brood- nay wildlIfe spool.., aupaoially
oust an .it. and mob. Into .011(10 ,aolnfowl a,,) sIr.). bind.. Good o,il
not era.). DIg yoosg pin...; .opar 000 .tuh llinor of bank..
I ioidu.l. ; plant o. Sit. St Os
d.pnh lu won ur u..

gloom bobr ooh 2 teo00000b . trugaplu .t . Dig r00001ook . divld. 1.to ..otion.; Ins) froq ,ca.tby by n..tuo$ out .r(owl
pla.t a, sIs. d.ptb on sit.. DIg ad a,.b bIrd.; So.) gowd f.nd 500000
pbaot n ; .111mb . i.dioidouls; t000 e— for sony wu idlif. ,panisu. Go.) nail
plant to Oil. or pot Ion hnld ing. .t.bu linor.

luSh., 2 tra nsplant .. ronnnto cb . Dig 910.01; sfl.r.no ildintd,.ul.; ml. groop of pleat sploleS 000nll000
..l). tr aslpb.nO no Otto no p., for halo— for wst .mfowl . saIl anta l . other

cr4. Dig rootlutob ; dial). ins, bIrds ’ good ; an) ~ l tooting lobotfuot
n000l.la , p 10,0 ut a 4,9th on by no.00(0.l and sar.h bird.; good
SiOl . 0014.., b ids sit., atom, toll .,ub iIto.r .; bardy plants.
(July— Ott.) ;  noons in (m.sb toter 0,
S C; bn..)oant ~0 Ott.; rub. Into toll.

~~~~~~~~ 
2 OpntgS rltlone. 5tH poong plan.; )I.O dn 10,0 .00,10.., ; gorn lb.n t onil .tah ulio.m; got., toll

p10.1 Os .ig o or p.o for holdi n g. In blgb br uohi.h r.he.; ...d so 1.4g.
Dig rout.; 41.14. mhis.a. 1.00 t.nial by .sbr .O.; gad, fair f ond
all .000*005 ; plan, on 5050 ; rub. s00mOO . but follag. poor unorog.
Into toll.

Ial t ..roh as,., foods Colloo n ~0o)s oh.. at,,. (Jn ly— Go.) na il .nabIlto.r On hig h r oa000l
Dogs); .o,ro b y  o1 ,a t uvano o a,.bga.
,r I,.. ; hr oad,a st on .10.; robs Into
toll.

iolt ar. h bulrush 2 Tronep loot , , tob. m. DI) p10010; 41.141; plaot 00 sit. l000lIOtO food 500000 Ion ,.stor feol ad
04 . .  depth or p.o 4,, ho lding; albmuos, snortS , 0th .. all at laig.
DI) Ot her.; sapor .tr n.b.ns; rut of 4 4..) on,nr ; got) soIl .tabIlt s.r ; slOb
t ,9 shoot. If preonn; pIlot tO 0150 by bnat l I,n bldg. st•rI.l .
00 SO 4.9th.

(C0.’tIOoOd ) ( Hosat ) nt SI 
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tobl . (Co.Sinoo) )

gpeoio. tons.,. ).) pro pagalou 005.001 oollecllen . b.ndllsg . bonnIe
on) planti ng teo bsiqa..

Salt.snoi. natt oli 2 Tn nnnpbuot o , 000tntoth Dig plants; .opaontn lndtoi)o.ln; Good .0.1 ntoh tlinon in boncksoh nail..
pI ano 00 01,. oc as dep th. Dig itc000 in )I toh.~ inio..ltt .nt p0.45 .
noon.; npanan l; cut off top shoots pri500ilp on c000t .. too food 0.10.;
if pro lont; pl ant Ott olto. fair  c0000

iatt.nnoh j ose Tv000pla nt n Dig plants, onps0000 Individual.; Poir soil .u.biliae, on 0110 coaot In
pins, on sit, at a. d,pth or p0, high bmo ck in h nsr shb S.
fo r holdi ng.

i.it.eo)on narduroso 
2 To.osplonts ..p r tg o Dig plast.; dioldo itt. dl. p. ; tocollan c nail st.hili.or in brunk t ob

plant on sit. on soa depth or pot sorohos; olIn 000) 10 dun. .ta hull000inn
for holding. Dig y000g plant.; on AOlanOi o roost.  So.) pr oduonlon Of t to
onpo r 000; p10,5 00 sit. at gas, d.ptb. p.o.; low food 001..; sos. onvor vol...

lao truss 
2 Sprigs , .os). Dig yoong plant.; •.p.rot . indioidaols ; Spool.. v.r p .it. spoc If ic; oocorn only is

pla.n on cit. or put I or holding . sooth Flor id.. Cull non color. ,. big).
Collgon said. wbeo l.iaro (Joly— la pt); outnitot bovol.. Good all otubi liter ;
atom, I. I m b  nan .r at S0C; hr oo)050t good Cover; .00). aton by non .11)111,.
00 si c.; noko 1000 toil.

1*0 la,.n). r 2
(~~. o.htuttutsssca) Shod. Cou nt no.40 ~n0,. t.tuoo(isty-ba$l; Onto nolt nt u bt ltoon ; notot . tan food

noon, dry on S C; broadcast no Site; tuba , . So.. 000,1,5 eohstr .t . .010..
mobo into nail .

So. lovOoda f 
2 

~~~~~ ioso procoduro. oh Oboyn. Soso 0.100. 0s Ohove.
(j, . ~~~~~~~p)

isa oo—.yo 2 
Tr 00 planto . asodo big plants; sapur.ce iodivodu.ls; £ooolloot soil stoh ulio.r ; grow. in bIg).

00 .ito at .05. dspth or pot br .chi.h sorshol en) no .boros. lao food
for holding. Gallan t sos) baud, oh.. vol.,; seal covor .od n..tirg rob ..
anon. (J uly— Go t ’; •0000 0.0). in
I rssb onIon at S C; plut o on ott o;
0.10 into 0011.

Sea p00.1.00 
2 1.0)0 Goll.nc o.ad. tO n at 000.  Stu n, Fair toil .t.b iliootioo value ; low food

dry at no.. t .mat oro or 1000; ,ula. ; so.. .e.) v.1.. on I 0.) . SonS 00000
pin.. on alt.; robs into to i l .  o55.

1.001)0 om0000000s 
2 Tra oop lan ls Dig platt l , divi de itt , It d ini)oOlg f000llont nail otabilis or in brschloh

am ol,sps ; plaot 015 sit. oO sos. iid.l srsb.. is PooI f It .0m b...,; con.
doptb or pot for holding. 00000 0.10.; low food vol.,.

i.dgoe 2 Tranaplouns . goods Dig p lato,; s,paf000 u.n. nlaots or ml. group of specica fom—m sr ,gi.g .0) widely
i.dividnal u; p1,40 00 a u ,  em pot van .) . Usua lly sooniboon no.) vulon for
for hoi)Ing. Collant Sad. sb.. .ot or e oIl d lIlr;  0150 500) 00000. P rolilio plant..
(J on. S.pt); siof, dry us S C; broad—
0050 00 otto; raba loto soil.

Shoal gro ,o Tr osopla nc. Dig p lus. with oO ni.g ).vio. Ito ,a ,om Propudalo. soot ho Stah u lisod 00 pr oven.
as low ti).; plan’ at sIt. Ia.d i000ly tid ol scour . Go.) cov.r .0100 for .5mm ,
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Table B
Comparison of Advantages axid Disadvantages of ~ropagules. by Source and Tine

Basis of Comparison Advantages Disadvantages

Source:

Nursery Uniform quality May increase costs in certain

Little or no disturbance of naturs.l situations

stands Requires planning and ordering in
advanceReduces labor effort

May not be adapted to local
conditions

Natural stand Decreases costs Disrupts natural stands

Adapted to local conditions Can be difficult  to locate
sufficient supply

Increases labor effort

Seeds Reduces labor and costs Not suitable for fine—textured

Suitable for large sites materials

Wide range of’ viability. reltabil—Can be stored for several months ity, and success

Storage requirements knovn for
relatively few species

Restricts harvest time
01

2 Restricts planting time

Cultivation generally required
to

Requires advance planning to
harvest and store supply

0
“ Tubers Can be harvested mechanically Large tubers difficult to extract

if small from soil

Plant ing ef f o r t  smaller (can be Susceptible to washout
broadcast )

4.0

~ Rootstocks , Maximipeg use of plant materials Susceptible to washout
~ rhizomes Cultivation generally required

Limited success

°‘ Cuttings Reduces labor and costs Susceptible to washout

Rapid collection Must be planted promptly or potted
and storedMaximizes use of plant matCrjals

Some disruption of natural stand

o Lower survival than rooted
prop gules

~ Sprigs Less costly than transplants Must be planted promptly or potted
and stored

~ Seedlings Can be planted over longer period s Requires planning and preparing in
advanceCan be stored in greenhouse or

g nursery Increases costs
9.

Permits flexibility in coordi—
nat ing project engineering
and planting

Transplants Rapid establishment Highest cost. and labor req’lirssent s

Increases probability of success. May be difficult to dig, transport,
especially on salt marsh sites and plant

Stabilizes soil rapidly

- - -
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Table 9

Estimated Costs of Construction (adapted

from Eckert et al. 1978)

Structure Height Remarks and
Structure Type Above Bottom Cost/linear m Assumptions

Sand dike hy— 3.0 m $ 120.00 For all construction
draulically 6.0 m $ 3145.00 in water. Low to
placed moderate wave
(1:3 slope) climate

Costs of dredge
mobilizat ion not
included in these
f igures

Does not include any
stone protect ion ,
nor establishment
of vegetative
cover

Earth dike, end— 3.0 in $ 2140.00 Method requires
dumped con— 6.0 m $ 870.00 truck haul link to
struction land, available
(1:3 slope) material within a

reasonable dis-
tance, and easy
access to work site

Length and width of
dike are critical
factors in truck
cycle time and thus
in cost

Does not include any
stone protection,
nor establishment
of vegetative cover

Rock dike, end— 3.0 in $1,200.00 Material is quarry—
dumped 1—1/2 6~o m $14,500.00 run rock, not
metric ton max graded; placed as
(1:1 slope) single layer

Steel sheet—pile 2.0 in $l,4140.00 Estimated PZ—27
bulkhead sheets 10 in in
anchored wall length

(Continued)
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Table 9 (Continued )

Structure Height Remarks and
Structure Type Above Bottom Cost/linear in Assumptions

Sheets are mild steel
with no corrosion
protection

Wood sheeting 3.0 in $1,680.00 Treated timber piles,
bulkhead walers, and wood

plank sheeting

Price will vary
greatly with loca—
tion and availabil-
ity of timber

Gabions —— $ 115.00/rn3 Cost is in dollars
per cubic metre

Need to include vol-
ume of flexible
apron in estimate

Price dependent on-
availability of
rock fill

Sandbag dike 1.5 in $ 231.00 Constructed in
3.0 in $ 825.00 shallow water

Revetment: low— —— $ 7.53/ Small—size rock
energy, rock centares blanket , placed
gradation from land

Assumes locally
available source

Filter required
Revetment: high —— $ 31.78/ Large stones placed
energy, rock centares by barge
gradation 220—km haul distance

Filter required
Revetment: sand— —— $ 5.00/ Conventional sand-
bags in single centares bags, no grout in
layer fill

r Filter required

Revetment: —— $ 20.90/ Price is for fresh—
gabion blanket centares water gabion
0.3 m thick Filter required

_ 
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Table 10
Man—Hours Required to Dig1 SeDarate. and Transplant 1000 Plants

of Each Species Used in Marsh Plantings on Texas Coast*

(adapted from Dodd and Webb 1975)

Man-Hours ReQuired
Species Planting Material To Dig To Separate To Plant Total

Saltgrass 1 to 5 sprigs with 1.14 1.3 8.6 11.3
root s

Black .L to 5 sprigs with 1,5 1.3 8.9 11.7
needlerush rhizomes

Black mangrove Seedlings 12—60 cm 3.7 0.0 8.3 12.0

Smooth 1 sprig with roots 1.7 0.8 10.9 13.4
cordgrass

Gulf cordgrass Small transplants 1.5 1.8 9.9 13.2

Saltinarsh 1 sprig with roots 5.7 1.5 10.7 17.9
bulrush

Common reed 1 sprig with roots 5.2 1.8 11.5 18.5

Big cordgrass 1 sprig with roots 5.0 1.7 114.14 21.1

Common
threesq,uare 1 tuber with roots 9.3 0.9 i4.14 214.6

Giant reed 1 sprig with 7.1 2.1 18.14 27.6
rhizomes

Olney’s Small transplants 4.i 1 4.9  20.3 29.3
threes quare

* Multiply man—hours by 10 to obtain an estimate or man-hours/hectare
on 1—in spacing.
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Table 11
Man-Hours and Labor CostB for Digging and Planting

Marsh Species Transplants at Miller Sands
(from Ternyik 1978)

Plants Dug and Man—Hours Man—Hours Man—Hours
Planted per Cost per per 2,500 per 10,000 per 40,000

Species Man—Hour Plant* Plants** Plantst Plantstt

Tufted 115 $0.07 22 8~ 348
hairgrass

Slough 1014 $0.08 24 96 385
sedge

Lyngbye ’s 104 $0.08 24 96 385
sedge

Soft rush 104 $0.08 24 96 385

Softstem 54 $0.15 46 185 7141
bulrush

* Computed at $8/man—hour, excluding equipment cost and travel time.
** Sufficient to plant 1 ha at 2—rn spacing.
t Sufficient to plant 1 ha at 1—rn spacing.

ft Sufficient to plant 1 ha at 0.5—in spacing. 
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Table 12
Seed Propagule Collection Costs for Inter-

tidal Plantings at Miller Sands
(from Ternyik 1978)

Seeds Collected Man—Hours
Species per Man—Hour Seeds/kg per kg* Cost/kg**

Slough sedge 280,100 719,900 3 $ 15.42

Tufted hairgrass 1,389,300 2,1450,300 2 $ 10.56

Lyngbye’s sedge 75,1400 630,000 8 $ 50.16

Softstem bulrush 31,300 692,000 19 $113.56

Broadleaf arrowhead 435,900 3,527 ,400 8 $ 148.54

Soft rush Not available

* Sowing time was less than 1 man—hour/ha for the entire site.
** Cost estimated at $6/man—hour excludes equipment cost and travel

time.
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Froa Dredged Material Containment Areas

Plant Propsgation

Pregermin stion Requirements and Establish— 4*09 Miscellaneous Paper D—7 7— l AD *045 SlJ.
sent Techniques for Salt Marsh Plant. -

Influence of Pregermination Condition, on 4A21 Technical Report 1—78—51 ——
the Viabi l i ty  of Selected Marsh Plants

‘Stm te—of —the —Ar t Survey and Ev aluation of 4*03 Contract Report 1—7 4— 9 AD *012 837
Marsh Pl ant Entablishr.ent Technique.:
Induced and Natural

5tstabli,hment and Growth of Selected 4B06 Technical Report D—77—2 AD A039 495
Freshwater and Coastal Marsh Plants
in Relation to Characteristics of
Dredged Sedime nts

Field Studi es

Habitat Development Field Investigations , UA 11M Technical Report D—77—23 ——
Windmill  Point Mar sh Development Site ,
June, River . Virg in ia :  Summary Report

Appendix C: Environmental Impacts of 4*11K Technical Report D—7 7—2 3 AD *055 319
Marsh Development wi th
Dredged Material : Acute
Impacts on the Macro—
benthic Community

Appendix D: Environmental Impacts of 4*111 Technical Report 1—77—3 ——
Marsh Development with
Dredged Material: Bot-
any, Soils, Aquatic
Biology, and Wildlife

Appendix E: Environmental Impacts of 4A11L Technical Report 1—77-23 --
Marsh Development with
Dredged Material: Metals
and Chlorinated Hydrocar-
bon Compounds in Marsh
Soils and Vascular Plant
Tissues

Appendi x F: Environmental Impacts of 4AI1DGH Technical Report 1—77—23 ——

Marsh Development with
Dredged Material: Sedi—
nent and Water Quality

Habitat  Development Field In vestigations , IA12A Technical Report D—7 8— 26 ——
Buttermilk Sound Harsh Development Site,
Atlantic Intracoastal Waterway, Georgia:
Suscnary Report

Appendi x A: Propagation of Marsh 4*12* Techn~csl Report 1—78—26 ——

Plants and Postpropaga—
tion Monitoring

Habitst Development Field Investigations , hAi 3K Technical Report D— 7 8—l5 ——
.4 Bolivar Peninsula Marsh and Upland

Habitat Development Site , Galveston
Bay, Texas: Summary Report

Appendix D: Propagation of IA13F Technical Report D—78—15 ——
Vascular Plants and
Postpropagation Monitoring
of Botanical , Soil ,
Aquatic Riot., and wild-
life Resources

Habitat Development Field Investigations , hAlil Technical Report D—78—ll ——
Rennie Island Marsh Development Site ,
Grays Harbor , Washington: Summary
Report

(Conti nued)

4 • f .eport  is Out of print but can be purchaoed from the National Technical Information Service (5285 Port Royal P s i .
:pr~ngrie L1 . Va. 22151). In requesting copies from NTIS, the NTIS number should be included if given. The ‘ei.’-
ph- vs s u r h er  ~ f N TI S in Area Code 701 557—4650 (F’IS access number • 557—4650).
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U. S. Army Engineer Hater—
DMRP Work ways Experiment Station National Technical Inferma—

Report Title Unit N p( s ) .  Rep ort Designation and No. tion Service J o ( s ) .  
-

Field Studies (Continued)

Feasibili ty Study for Dyke Marsh Demonstra— 4*17 Technical Rep ort 0— 76— 6 *033 524
tion Area , Potomac River , Virg inia

Detailed Desi gn for Dyke Marsh Deaonstr a— 4*17* Technical Rep ort 0—77— 13 AD *018 179
t ion  Area , Potomac Ri ver , V ir g in ia

Habitat Development Field Investigations , 4*18* Technical Rep ort 0—78—57 ——
Salt Pond No. 3 Marsh Development Site ,
South San Francisco Bay , California:
Summary Report

Habitat Development Field I-svestigations , 4*19* Technical Repo rt 0—78—32 -—
Apmlachicola Bay Marsh levelopment Site,
Apalachicola Bay, Fl: ‘da: Summary
Report

Habitat Development Field .nvestig*tion s , 490514 Technical Report 0—77—38 ——
Miller Sends Marsh and Upland Habit at
Development Site, Columbia River ,
Oregon: Su ary Report

Appendix E: Postpropagation 4805K Technical Report 0-77—38 ——
Assessment of
Botanical and Soil
Resources on Dredged
Material

Appendix F: Poatpropagation A.,ess— 41051 Technical Report 0—77-38 AD *056 823
sent of Wildlife Re-
sources on Dredged
Material

Upland snd Wetland Habitat Development 2*08 Technical Report DS—18—l5 ——
with Dredged Material: Ecological
Considerations

‘Recent and Planned Marsh Establi,I-joent 4*25 Contract Report 1—77—3 AD *041 464
WorP Throughout the Contiguous United
States — A Survey and Basic Guidelines

~ Rep ort iN out of print but can be purchased from the National Technical Information Service (5285 Port Royal Road ,
Springfield , Va. 22151). In requesting copies from NTI S, the NTIS number should be included if given. The tele—
phone number of NTIS 1, Area Code 703 557—1.650 (FTP sccees number + 557—4650).
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APPENDIX B: COMMON AND SCIENTIFIC NAI€S OF PLANTS AND ANIMALS
MENTION~~ IN THE TEXT , APPENDICES , AND TABLES*

* Animal taxonomy is based on American Ornithologists’ Union (1957,
1973, 1976) and Jones et al. (1975). Plant taxonomy is based on
Britton and Brown (1970), Correll and Johnston (1970), Hitchcock
( 1950), Hotchkiss (1967 , 1970), Long and Lakela (1971), and Radford
et al. (1973).
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Common Name Scientific Name
Alkali bulrush SCJJLp t4 pa Ludo4u4
Alligator weed A the/uuut.the/~a p kLLozen.oi4e4
American elm U~mu4 amelLLcana
Arrow arum PQLt and kLz v~iAgi.n~~~
Australian pine Ca3 ua.’r.Ana e.qu 4e MoLi.a
Beach panic grass PanAc.wn ance~p o

Beak rush RynCho4pO’U~ IYLaCy~
Beggar’s ticks spp.

Big cordgrass S xLktuu~ Cyf lO4U/L044e4

Bigelow’s glasswort SaLij i.OitnAAL bJ.gth ’v~U
Black mangrove Av~kenivü~ nA...t~da.
Black needlerush JW1Cu.6 Wm~.k2LZf l144
Black willow &z&x nh..gIuT.

Bladderworts U*Jr.Jj ~iLtJJJrJJL spp.
Brazilian pepper Sch.ü1u4 ~te biJtthA~otf .u4
Broadleaf arrowhead Sa~~~t~,iu,4 £a.U~oLAa
Broadleaf cattail Typha £a ti~oV..a
Buirushes Sc~Xpu4 spp 0

Burreed Spa/t ~ga.n.~wn ameM~J ~t24num
Buttercups Ranuncueu& S~~P n

Butt onbush Ce.pha,&uvthLL4 occJ4en..toL.~4
Buttonwood ConocWc.puA eXec.ta~
Cabbage palm Saba2 pa1.~metto
Chufa - Cqpvuzo C4C.LLtentU4

Coastal bermuda grass Cynodon dactyton hybrid
Common bermuda grass Cynodon dac..tyLon
Common reed PhMgn~ tC.4 WL4~t ’CLth4
Common threesquare Sc.Vtpa4 amvL. CanLL6
Delta duckpotato SagA2tax4a~ p Z.a.typhy lla
Dock Rumex spp.

Dotted smartveed Po.tybonum punc2a .tumr Duckpotato &ZgUtaf lA4 c.unea..t4
Duckweeds Lemna app.
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Common Name Scientific Name

Eastern cottonwood PopUZuA deLt.oi4eA
Eel grass Zo4 tVca ma,’t0&Ui

European glasswort SaUCOknJ~ eWw peLt

Fimbristylis FimbJiJ~4.tyU6 ccL6.tLznea

Foxtail grasses Se..ttvu~ app.

Frankenia FMJtkPJ6AJL g’c4nd4~OLi.4

Frog bit LJinnobA.um 4pongJ.a
Giant reed f t~wndo dona~x

Groundsel tree Bacc.ha.4~4 haLi,rai,.~oLA.a

Gulf cordgrass Spcu/L tLf la 4p(Vt.t4f lLZt

Gum plant GithtdeJJ~t ~Lf ltCQ~tL~ OL4.4

Hackberry CeUc4 o(wj 4vvtaJ.AA

Hardstem bulrush Sc~/Lp u4 aC.U~ LL4

Horned pondweed Zaitn.L~2~he.UA4 p Lot’LA.6

Horsetails EquAAetum spp.

Ice plant MQ.4Q)nbltyaf ltiw.mum c/Ly6~tLLUA)1W n

Japanese millet EcJvLnoc.h.eOci axw6-gaL&

Ladysthumb PO e~f g Of lum pe1~4~c.c~a.’rA~
Live oak QJLeXC.LL6 vA..tg~Ln.~ana

Lizard’s tail Sau/w/w6 C.~~.nWL4

Lobelia Lobelia do’i~tmanna

Lotus Welwnbo Lwtea~
Lyngbye’s sedge Ca..~,ex £ynbyei
Manna grass G~~ yceA2a ae.Ut4~eo’La
Manna grass GL4c.e.4üt f,Lwila~t6

Marsh elder Tua~ u.te.6C CJt6

Marsh hibiscus H1b1.6cu6 mooc.keLL~to4

Marsh pepper PoJ ~ygonum kyditopLp e/t

Marsh smartweed Po 4fgonwn hyd ’topLp e.k.&’de.4

Mud plantain He.teALtn.tkt.kLt ‘Le.n. on.m~6

Nodding smartveed PoLygovtum £i~.p h4~o~Azun

Nutsedges CEIP e.k.LL4 app .

Olney ’s threesquare SCJst~U4 o!JLty4
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Common Name Scientific Name

Orache A.t.~k.Lpte.x pa ..tuLa.
Pacific cordgrass Spa .ttLna ~oUoo~a
Pacific glasswort SoLico.tn.& pac~4~~
Pacific sedge Ca.~.e)~ obnupta
Pacific wax myrtle My ’tiea aali~onn.Le.a
Palmetto SQMf lLt M~p €n4
Panic grasses PanA.c.um spp.
Paspalum grasses Pa 4pa Lwn spp .
Pennsylvania smartweed Poe ygonum pen4 ytvani.cwn

Pennyworts H~j dn..oc.o.ty.te. spp.
Pickerelweed Pon..ttde.irAa co’tda.ta

Pondweeds POni2OnO9o~tOn spp .
H Prairie cordgrass Spa ~tti..na p~c.~tin’xta

Red mangrove RlvLzopho&a mangle.

Red maple Ace.~ IuLb/wm
Red—rooted sedge CypVW4 (.tJ z/w’th..iLZO4
Redtop Agko4.ti6 alba
Reed canary grass Pha..&VL4A a/twuUnac.eLt
Reed grass Calamog ’w4tlA naden4A~
Reed manna grass Gy&e/t.~~ g ’uzndi,A
Rice cutgrass Le.exo4A okyzoide.6

River bulrush Sc.VLpu4 ~.tLw~üvtALL4
Rushes J unCu6 app .

Saltgrass Ut4t4.thL..4 4p.LCLVtLZ
Saltmarsh aster A4s tex lenuA4o!iw~
Saltmarsh bulrush SC~~pCL1~ kobuA.tu4

Saltmarsh cattail Typha angu.6t olia
Saltmarsh Jaumea Ja urnea c~afl~no4a
Saitmeadow cordgrass SpaalAna pa.te.n4
Saitwort Sc~4oFa ka.&
Saw grass C&74A~Wf l j ama.Lcen4e
Sea grape Cocco~oba uv4~ eAa
Sea lavender LiinorgA.um aaxoUn.~anwn
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Common Name Scient ific Name~
Sea lavender L4J?I OnWm ua.tga.~.e.
Sea oxeye 8o/iXi.~dvi,a ~ku.te4cen4

Sea purslane Se4LWWm polt .toFaca4l~wm
Seaside arrowgrass T)t.LglocJz~.n ma/Ltàntt

Seaside goldenrod SotLdago 6 empe) WJJLe.n4
Sedges Cax.ex spp.
Shoal grass Hal odule. i~’wg h..t~i
Sitka alder - ,&Lna4 4AJZUala
Sitka spruce P~LC.€Lt .&Ltc.hen6A~s

Slash pine &nu4 ~~&ot2U
Slough grass 8&thinan~vLa 4yz4gaahne.

- 

- 
Slough sedge Caxex .t.’r2aho c.a..tpa
Smartweeds Potygonum app.
Smooth cordgrass Sp a4tina aUe,tn4&, ’ta
Soft rush Jun~a4 e.~~a6a4

Softstem bulrush Sc~xpa4 ua.Udu4
Southern bulrush ScikpuA c L ~o~tniizu..6
Southern cutgrass iLz tn.Lop4~4 mA2eLu~eLz
Southern smartweed P olygonum de.n.oi4~o’wm
Spatterdock Nyph a .&i~.tum
Spikerushes Ele.octhaxL6 spp .

- :  Spirodella Sp~IAOdeJ1a po ly ’thLza
Sprangletop Le.ptoahLoa £a4~~cu.t~v~4
Sweet flag ACOf l.uA ~alamLL4

Switchgrass Pa.nA.au.ni vA..kgalum
Tall fescue Fe4.tac.a e2,a.~io’t
Telegraph weed tle..tt.ko.theca g ’w.nd26Lon~a
Tufted hairgrass Ve.~scLhamp 4~La cae.6 p1to4a
Turtlegrass Thala44AA .te4.tudi..nwn
Walter ’s millet Ech4.noc.hloa w Lte.’~A.
Water hemp Acn.~da cannab~Lna
Water hyacinth E~Lc~ho’uvia c) ut44~Lpe4
Water hysoop &ic.opa ctvwUn.~ana
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- Water lilies 14y ’mpha .e.o. app.
Watermilfoils Myir iophyttwn app.
Water nymphs Naja4 app,
Water oak QLLe~tcu6 n.i.gka
Water plantain At.L4ma pLIiYdago-aqu.aZLea
Water primrose 1U44 I.aea tepto caitp a
Water shield 8PLa6efl~Lt 4dVUbC1~di~
Water smartweed Pot ygonwn amph~bum
Water willow Pe.~.odon t ’eM..LCA..Ua-tu.6
Wax myrtle My’L4iC4 Ck.~~€/L6
White mangrove Laguncu.ta.t& ~‘utc.emo4a
Widgeongrass Ru.PpA..aL IflWL4.~t4.Jna

Wild celery VCtU6ne4c4 ame..kA..c4na.
Wild rice ZA.zan.c.a aqaa.t~.ca.
Willows Saliz spp .
Woiffia Wot~~~a spp.
Yellow flag I) t44 VM4 A~~~OtO)t

Yaupon lte~c vomLto’~ia

Animals

Canada goose S~w.n.tht cLtnade.n6A...~
Cow 804 ..Lnd.LCLL4
Deer Odoc.oUeu4 app.
Goat Cap ita 1vL&c~ws
Muskrat Onda.tta z~LbetIvLcz~
Northern shoveler 4na4 cLyp eala
Nutria My oca~toir. coypu~
Rabbit SytvJ1a.~gws app .
Raccoon P itocyon lo.toit
Sheep 0v14 af li24
Turkey Met eLzg’L.L4 gailopcwo
Wood duck kL~c 4po n4a
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The following 28 species are identified as those which may be rec-

ommended for planting on dredged material marsh sites. There are many

other freshwater marsh species which are probably suitable. However,

little work with those species has been conducted on dredged material
and their acceptance of the dredged material substrate is not known at

this time. A list of these other species with pertinent information is

presented in Tables 6 and 7 in the text.

Arrow Arum ( P eLtandka ‘~~n..i.aa)

Description: Perennial herb in dense clumps from 30 to ~45 cm high,

without true stem, leaves basal ; leaves br ight green , arrow—shaped,
thick, strongly veined , about 20 ciii wide and up to 75 cm long;
flowers May to June, fleshy; seeds in pod—like case, dark green ,
and berry—like.

Range: Ontario, Michigan , coastal Maine , and throughout southeast and
deep south.

Habitat: Freshwater wetlands on loose rich silt; marshes and margins

of interior and coastal lakes and streams.

Associated species: Pickerelveed.

Establishment: By seeds or transplants.

Seeds. Collect mature seeds from stalks, and store dry at 5°C.
Sow onto the site in spring and summer.

Transplants. Dig clumps and divide out individual plants; do not
cut or separate clump as the species does not have true st erns
and will not tolerate this treatment. Individual plants are

difficult to sort but still the best method of rapid

propagation.

Value: Poor seed food value for most wildlife but is relished by wood

ducks; sometimes seeds high in oxalic acid; eaten by king rails

— 
and muskrats; som2 food value for muskrats.

Comments: Potential nuisance through tendency to invade.

Big Cordgrass (Spa/rlA.na cgno4wtoJ..de.4)

Description: Perennial grass, from 2 to 1~ m tall , from vigorous

C2
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rhizomes ; leaves wide (2.5 to 3 cm),  long and tapering with up-

turned teeth; flowers August to October; seed heads large and

multibranched. -

Range: Texas to Massachusetts.

Habitat: Brackish and high coastal salt marshes; margins of tidal

streams and freshwater areas.

Associated species: Common reed and black needlerush.

Tolerance: Tolerates pH of 4.3 to 6.9, inundation , brackish waters;
does not tolerate highly saline conditions; susceptible to oil and

grease contamination.

Establishment:

Seeds. Should be shattered from seed heads and stored in distilled

water or salt solutions (10 to 35 ppt).
Transplants. Dig plants, divide, replant onto the site or pot for

holding.

Value: Fair food value for waterfowl and muskrats; cover for waterfowl;

used by muskrats for lodge construction.

Comments: Potential nuisance; best established at or above mean high

water.

Black Needlerush (Jww ~a4 itoemei~ anu4)

Description: Perennial rush in dense stands of nearly uniform height ,
0.5 to 1.5 m high, and characteristically dark green to gray black;

leaves and stems rigid, round, and sharp-pointed ; flowers May to
October in green to brown clusters arising from side of stem.

Range: Coast from Texas to Maryland.

Habitat: Brackish and saltwater marshes above the intertidal zone in

silty clays, sands, and b asis; infrequently in freshwater marshes.

Tolerance: Tolerates pH of 4.3 to 9.5 and oil and grease contamination.
Associated species: Saltnieadow cordgrass, big cordgrass.

Establishment: By transplants consisting of at least one node and asso—

ciated stems and roots. Dig clumps and divide into sections or

individual sprigs for transplanting.

C3
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Value: Low wildlife value; of some value in nitrogen fixing and soil

stabilization.

Comments: Very resistant to erosion ; good regenerative capability ;

frequently colonizes dredged material banks; grows rapidly and con-

tinues growing throughout the winter; potential nuisance.

Broadleaf Arrowhead (SagLtta.k~a £a.tL~olA.a)

Description: Perennial aquatic herb about 1.2 to 2 m tall, from fibrous

tubers ; leaves slender , spear—like, dark—green, up to 30 cm long;
flowers July to September, white, tn— petalled.

Range: Southern Canada and throughout most of the U. S.

Habitat: Inland and coastal freshwater marshes; margins of lakes and

ponds ; organic, silty substrates.

Tolerance: Tolerates pH of 5.9 to 8.8, turbidity, and moderate

pollution.

Associated species: Arrow anus, pickerelweed.
Establishment:

Seeds. Collect when mature and store wet at 1 to 3°C.

Transplants. Dig plants; separate , transplant immediately onto

the site, or hold in pots.

Value: High food value for a variety of wildlife , especially waterfowl.
Comments: Showy flowers; good regeneration ; slow to moderate growth

rate.

Cattails ( Typha spp .)

Description: flzersed perennials in colonies from stout , horizontal

branching rootstock; leaves ribbon—like; flowers May to July;

fruits June to November in characteristic spike.

Saltmarsh cattail ( Tqpha anqu ti..4oLLa) : Narrow—leaved cattail,

has leaves 0.6 to 1.0 cm wide ; spike usually characterized by

distinct gap bet~ -~en upper and lower portions.

Broadleaf cattail ( Tqpha £~t~j (oL~a) :  Broad—leaved cattail; has

leaves up to 4.0 cm wide and usually no gap on its spike.

c4 
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Range: Throughout the U. S.

Habitat: Brackish and freshwater marshes; shallow waters of lakes ,

ponds, river banks , and ditches.
Tolerance: Saltmarsh cattail tolerates pH of 3.7 to 8.5 and slightly

brackish marshes ; broadleaf cattail tolerates pH of 4.5 to 9.0.
Apparently tolerant of turbidity and moderat e pollution .

Associated species:
With saltmarsh cattail: common reed, big cordgrass.

With broadleaf cattail: smartweed, soft rush , a variety of fresh-

water submergent and emergent marsh species.

Establishment:

Seeds. Store seeds dry at room temperatue ; they go through dormant

period, but can give 100 percent germination if seed coat is

ruptured.

Transplants. Dig plants, separate individuals , replant on site or
hold in pots. Planting within a few weeks is recommended.

Value: Seeds poor food value; rootstocks eaten by geese and muskrats;

cover for birds; used for nesting by many waterbird and waterfowl

species.

Comment s: Extensive cover undesirable in marshes intended primarily for

ducks ; require rhizome aeration for overwinter survival; edible by

humans.

Chuf a ( Cyp e~u6 e4c.uL€Jvtw6)

Description: Perennial nutsedge to 0.6 m from abundant tubers; leaves

slightly folded and narrow; lush growth; forms dense stands; seeds

July to October.

Range: Throughout U. S.

Habitat: Freshwater marshes in all soils; prefers silts, or silty

sands , and loans.

Tolerance: Will not tolerate drought and does poorly in sandy soil;

pH range of 5.0—7.5.

Associated species: Sedges , other nutsedges , switchgrass , rushes.
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Establishment: -

Tubers. Dig mature tubers in July through September and either
• replant on the site or store in plastic bags at 5°C. Trans-

plants and seeds are not as cost efficient as tubers, since
digging transplants 4~ expensive and seeds are variable.

Value: Very high value as food for waterfowl, muskrats, nutria, song—

birds , deer , and turkey.

Comments: Easily established and commercially available.

Common Reed (PIv agvni_te.4 auot~a~U4)

Description: Perennial grass, 1 to 5 m tall from long, scaly , creeping
rhizomes; stems coarse, hard , and erect; leaves 0.6 m long and flat—
bladed ; flowers July to September; feathery seed heads up to 40 cm.

Range: Widespread throughout U. S., especially northeast and east .

Habitat: Low to brackish salinity marshes and freshwater areas along

lakes and streams and in estuaries but not in permanent marshes;

generally associated with disturbed areas; grows in sand, silts ,
and peaty sands .

Tolerance: Tolerates pH of 3.7 to 9.0; cannot tolerate salinity of

upper tidal zone over 20 ppt or temporary water depths of over

15 cm; tolerates late summer drought but requires shallow spring

flooding.

Establishment: By transplant sprigging in early spring and by rhizomes.

Not recommended for establishment in tidal zone. Requires a wet

soil but no more than 1 cm water for establishment.

Value: No food value for wildlife but provides cover; useful in flood

control , sediment stabilization, and water quality improvement.
Comments: Should be planted only where stabilization is critical and

where growth can be controlled; aggressive rhi zounes , extending up

to 10 m , vegetate areas quickly and may outcompete other more
valuable species.

Fimbristylis ( FAmb/ t.A-tgU.~ cc.~s.tanea)

Description: Perennial grass; cuims wiry , 0.3 to 1.0 m tall; leaves
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pale , firm; flowers July to October; nutlets whitish or yellowish.

Range: Coast from Texas to Long Island, but mainly Florida to Virginia.

Habitat: Coastal brackish marshes, savannahs, and meadows; averages
about 90 cm above mean sea level.

Tolerance: Tolerates pH of ~.4 to 7.8.
Establishment: By plugs. Seeds are difficult to germinate. Dig sec..

tions or entire plants for relocation on the site.

Value: Seeds are eaten by waterfowl and rodents.

j Lyngbye’s Sedge (Ca.k.eic £gngbgei)

Description: Perennial sedge from long , stout rhizomes; forms large

20— to 40—cm high clumps; flowers July to August.

Ran&e: West coast from Alaska to California; east coast from Greenland

to Quebec.

Habitat: Coastal brackish and salt marshes.

Tolerance: Salinity 0—20 ppt ; pH ranges of 5 .5— 8.0.

Associated species: Tufted hairgrass, rushes , bulrushes, seaside arrow—

grass , and other sedges.

Establishment: Natural establishment by rootstock and seed; artificial

establishment by transplants from natural stands . Artificial estab-

lishment with seeds not recommended.

Value: Various plant parts eaten by many species of wildlife, espe-

cially sparrows , rails, dabbling ducks, bunt ings, rodents , and
browsing mammals. Valuable cover for wildlife, nest ing cover for
ducks and geese. -

Comment s: Frequently invades disturbed areas by root ing of rafted
plants.

Marsh Elder (Iva i~’ut.te.~ae.n4)

Description: Perennial shrub from 1.5 to 3.5 or 5.0 m tall; stems

partly woody; leaves opposite below but alternate on upper stem;

narrow , pointed, toothed, and fleshy; flowers diminutive, greenish— .

white heads in clusters at tip of stems.
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Range: Coast from Mexico to Canada .
Habitat: High salt marsh; upland margiiis or small hummocks in salt or

brackish marshes ; common on dredged material islands .
Tolerance: Tolerates pH of 6 .0 to 7.5.
Associated species: Groundsel tree, wax myrtle.

Establishment:

Seeds. Harvest seed by collecting mature heads; store up to 180

days in fresh or distilled water . Germinates best at 10 to

25°C although viability is low.

Transplants. Collect small plants for transplanting onto the site.

These are often abundant as seedlings near parent plants.

Value: Nesting for herons , egret s, and other colonial tree—nesting
birds.

Comments: Difficult to harvest seed in quantity.

Olney Threesquare (Sc,~.kpa4 otne.gL~

Description: Perennial sedge; stems erect to 1.2 in high, three—sided ;

flowers June to September.

Range: Atlantic and gulf coasts and parts of the interior U. S.

Habitat: Shallow water of brackish marshes and. pools; organic and clay

substrates.

Associated species: Common threesquare, saltmarsh bulrush , saltgrass.
Tolerance: tolerates pH of 3.7 to 6.9, oil and grease contamination.
Establishment: By transplants, tubers , and seeds.

Seeds. Store dry at room temperature or cooler; soaking in fresh-
water prior to planting improves germination.

Transplants and tubers. Dig, separate into individual plants and

transplant onto site or hold in pots. For tubers, cut of f
growing shoots (if present), and plant. Top will regenerate.

Value: Little food value for ducks, high food value for muskrats;

shelter for rails.

Comments: Seldom occurs in pure stands .

c8
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Pacific Cordgrass (Spait.tina 1ço~Uo4a)

Description: Perennial grass, 0.3 to 1.3 m tall from extensive creeping,

scaly, ridged rhizomes; stems winter dormant; leaves flat, about

15 to 40 cm long and 8 to 12 mm wide at the base; flowers August
to October; seed heads short, upright, and unbranched with slightly

twisted spikes.

Range: Intermittent on California and Baja coasts; rarely occurs north

of San Francisco.

Habitat: Salt marshes and tidal flats, typically below mean higher high

water on clay substrates.

Tolerance: Tolerates broad range of intertidal environments, high

salinities, and up to 21 hrs of flooding.

Associated species: Pacific glasswort.

Establishment: By transplants and seeds.

Seeds. Collect mature seed heads, shatter , and store in cold (5°C)

fresh or salt water; change water every 2 weeks and do not

close containers.

Transplants. Dig young plants from natural marsh; separate indi-

viduals; replant onto site or hold in pots.

Seedlings. Germinate seeds in peat pots containing marsh soils;

plant on the site at 4 to 12 months of age, depending upon size.

Value: Fair source of food for waterfowl; used primarily for soil

stabilizatIon.

Comment s: Plantings practical between mean higher high water and mean

tide level and at salinities of 10 to 40 ppt; aggressive but very

slow vegetative reproduction.

Pacific Glasswort (Sa.Uc~o.tni.a pa c2~A.~a)

Description: Perennial, prostrate or erect from 25 to 30 cm high from

spreading rhizomes; stems partially woody, succulent, jointed, con—

stnicted at nodes, occasionally roots along prostrate branches;

leaves obscure and united into collar—like structure; seed—

containing stem tips turn red when mature.
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Range: West coast.

Habitat: Coastal and inland salt marshes between 2.5 and 3.8 m above
mean lower low water in soils of 18 ppt or greater salinity;

sparingly in wet saline or alkaline floodlands.

Tolerance: Tolerates pH 4.7 to 8.5; high tolerance of salinity (up to

80 ppt) and inundation; tolerates oil and grease.

Associated species: Pacific cordgrass.

Establishment: By rootstock, rooted or unrooted cutt ings, and less
often by seed.

Cuttings. Consist of 10— to 15—cm—long pieces of terminal and up-

right branches. Root in peat pots containing sand and sediment

from native stand. Plant unrooted cuttings by scattering over

site (1.6 tIm2) and raking into surface.
Seeds. Difficult to collect but do not go through dormancy and

remain viable up to 180 days.

Rootstock. Dig roots, separate, plant on site or pot to hold for

transplants.

Value: Some food value for ducks and geese; primarily for soil

stabilization.

Comments: Doubtful that artificial propagation is warranted; because

of weedy nature it rapidly invades without encouragement if a
propagule source is in the vicinity.

Saltgrass ( V-L-o.tAchLL-1s 4pi.A2~a.ta)

Description: Perennial grass from creeping rhizomes of dense growth

0.1 to 0.6 or 1.0 in tall; stems stiff, brittle, and erect; leaves

on opposite sides of stem, short , trough—shaped, and pale; flowers

August to September, loosely compacted head.

Range: Nova Scotia to Texas; British Columbia to California.

Habitat: Coastal salt or brackish water marshes, particularly from 30

cm below to 150 cm above mean sea level in silty clays, sands, and

clays. Also frequent in interior salt and alkali marshes.

Tolerance: Tolerates wide range of soil moisture and salinity; frequent

tidal inundation , pH range from 4.1 to 9.5.
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Associated species: Saltmeadow cordgrass.

Establishment: By transplants, rhizomes, seeds, and plugs. Trans-

planting optimal in October and January through March. Along the

Gulf , rhizome propagation successful in spring and summer. Har-

vest seeds in fall and store dry at room temperature. Transplants

are dug and divided into individuals, then transplanted onto site

or into peat pots for holding.

Value: Seeds fair value for waterfowl and other birds; nesting cover

for waterfowl; valued for substrate stabilization in coastal areas.

Comments: Forms dense colonies; invades sand overwash areas and tidally
washed disposal sites; adapted for use in area between low tide

and near high tide.

Saltmarsh Bulrush (Sc..~xpu4 4obu.~tuA)

Description: Perennial sedge about 0.7 to 1.5 m tail from shallowly

rooted rhizomes; leaves deep green, 4 to 10 mm wide, prominently
ribbed, and usually taller than the main stem; flowers from July

to October in end clusters.

Range: Throughout U. S., but more commonly in coastal areas and west

of the Mississippi River.

Habitat: Brackish marshes and ponds in organic and clay soils.

Associated species: Olney threesquare, commor. threesquare, saltmeadow
cordgrass, saltgrass.

Tolerance: Tolerates pH of 4.0 to 6.9; growth adversely affected above

30 ppt salt.

Establishment: By transplants, tubers , and seed.

Seeds. Store dry at room temperature; seed goes through dormant

period. For whatever technique, gentle drawdowns and reflood—

ing recommended to promote growth.

Transplants and tubers. Dig, separate into individual plants and

transplant onto site or hold in pots. For tubers, cut off
-
‘ 

growing shoots (if present) and plant. Top will regenerate.

Value: Good food value for waterfowl and muskrats; shelter for variety

of wildlife; muskrats use stems and leaves in lodge construction.

Cli

- -~~. 

--

-

-- - - -~~~~--~~~~- - -  - -~~~~~~-- - - -  

j



— -, -- --,. - - -~

Comments: Often planted to improve waterfowl and wildlife habitat; not

adapted to harsh conditions of lower or upper tidal zones. Seldom

occurs in pure stands.

Saltmeadov Cordgrass (Sp aittôta pa.te.n4)

Descript ion: Perennial grass in dense meadows ; about 0.5 to 1.0 m tall

from stolons; stems have weak bases; leaves more than one half the

length of the stem and rolled inward; flowers late June to October ;

seed heads in slender panicles maturing from September to October .

Range: Entire east coast ; inland in New York and Michigan .

Habitat: Salt marshes , sandy meadows , and sand dunes; generally from
30 cm below mean sea level to 4o cm above mean high water in silty

clays, sands , peat s, sandy peat , and organic substrates. Also

occurs on higher, drier areas of salt or brackish water marsh as
well as on coastal foredunes.

Tolerance: Tolerates pH of 3.7 to 7.9; susceptible to oil and grease

contaminat ion, drought ; tolerates inundation; prefers salinities

of 2 to 12 ppt.

Associated species. Saltgrass in lower areas , marsh elder in upper

areas.

Establishment:

Seeds. Collect seed heads, shatter , and store dry at 5°C. Seeds

- 
- not recommended as propagules.

Transplant s. Dig clumps, separate into small lumps , and plant on
the site or pot for holding. Since individual plants are very

small and many hundreds may be in one clump, individual plant

separat ion is not recommended.

Value: Fair food value for waterfowl; shelter for wildlife; used In

dune and marsh stabilization ; used as forage crop .

Sea Oxeye (8o/ ..kA..c.hA~ ~/ut.~z&cen.6)
I

Description: Woody , 20— to 100—cm tall , multibranched shrub ; leaves
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opposite , fleshy , gray—green , 2 to 10 cm long, often toothed at

base , and occurring on stout stems arising from short, creeping
rhizomes; flowers yellow in summer, burr—like seed heads in fall.

Range: Gulf and Atlantic coast from Florida to Virginia.

Habitat: High marsh areas , particularly borders of saline and brackish

water marshes; generally about 90 cm above mean sea level .

Tolerance: Tolerates pH of 6.1 to 8.0; salinity of 0—25 ppt.

Associated species: Saltmeadow cordgrass.

Establishment: By underground rhizomes or, less often , by seed.

Seeds. Harvest seed heads mid—September to early October, store
wet or dry in fresh or 10 ppt saline solution for up to 180

days. Seeds do not go through dormant period; germinate

readily any t ime after harvest , particularly at 10 to 25°C.
Forms dense stands.

Transplant s. Dig rhizomes supporting vigorous plants and divide ;

replant in similar habitat no more than 5 to 10 cm deep.

Value: Little wildlife food value. Used infrequently by nesting birds,

especially colonial ground nesters . Stabilizes soils near shores.

Slough Sedge (CcVLQ~c obnup~ta)

Description: Perennial sedge from rhizomes; forms dense stands 30 to

100 or 150 cm tall; stems stiff; seed heads upright.

Range: Pacific Northwest , from British Columbia to California.
Habitat: Fresh to brackish marshes and wet meadows; adapted to low

areas with frequent flooding.

Tolerance: pH ranges from 5.5 to 8.0; is not tolerant of mid to high

salinities.

Associated species: Seaside arrowgrass , tuft ed hairgrass , Lyngbye~s
sedge.

Establishment: By seed or transplants.

Seeds. Hand collect when mature (July to September), store dry or,
preferably, in distilled water up to 180 days; no period of
dormancy , germinates at 10 to 25°C. Seed propagation not very

successful. 
-
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Transplants. Dig plant clumps and rhizo.’nes and divide, replanting
at depths of’ 5 to 10 cm.

Value: Various plant parts eaten by many spec ies of wildlife , espe-
cially songbirds, dabbling ducks , rodents , and browsing mammals.

Valuable cover for wildlife, nesting cover for ducks and geese.

Smartweed (Potg~onum spp.)

Description: Perennials or annuals; stems many—jointed; leaves narrow

and willow—like, swollen leaf nodes; flowers in spikes at end of

stalk.

Range: Throughout U. S.

Habitat: Wet soils and freshwater marshes.

Establishment: By transplants, rootstock , seed, cuttings.
Seeds. Seeds should be harvested from August to October and stored

dry at 5°C. Broadcast seeds in spring ~ 
- I summer .

Transplant s, rootstock, cuttings. Dig whole or portions of plants

including any portion of the root system. If planted in any

moist area and covered with a light layer of soil, cuttings

and rootstock will regenerate and grow. Transplants survive

quite well if moved when they are small.

Value: High food value for songbirds and waterfowl. Foliage of some

inedible to browsers as it has a hot , peppery taste. Good brood

cover in shallow marshes for waterfowl .

Comments: Smartweeds are highly adaptable plants, and may occur in dry
soils as well as standing water depending upon the species. They

may become pests if allowed to spread to agronomic and pastoral
situations.

Smooth Cordgrass (Spa4t- ~na a e.xni..~Zo’uz)

Description: Perennial salt marsh grass from fibrous rhizomes; stems

erect , generally winter—killed , and nearly 2 m high in tall form;
leaves alternating and relatively wide (0.4 to 1.5 cm); flowers in

C14
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midsummer in spikes up to 0.5 m long ; seeds ripen late summer and

early fall.

Range: Entire east coast; spreading on west coast from place of intro-

duction in Pacific County, Washington.
Habitat: Shallow water of coastal salt marshes from mean sea level to

about mean high water in broad range of substrates. Tall form

restricted to margins of creeks , natural channels, and areas sub-
ject to daily tidal flooding; short form occupies higher levels of

marsh near upper limit of tidal influence.

Tolerance: Tolerates pH of 4.5 to 8.5; optimal salinity 10 to 20 ppt,
maximum salinity 50 to 60 ppt; withstands storms and saltwater

inundation up to 12 hr per day; susceptible to oil and grease

contamination.

Associated species: None can compete in its harsh habitat except at

the upper tidal limits of its growth range.

Establishment: By transplants, seedlings, and seed. With transplants,

one can plant year—round but early to late spring is best.

Seeds. Harvest mature seed in the fall and store vet in estuarine

water at 1 to 3°C for up to 180 days. Seeds go through dormant

period.

Transplants. Dig young plant s from the natural marsh. Plant on

the site or pot for holding.

Seedlings. Germinate seeds in peat pots containing marsh soil and

a mixture of sand and peat. Plant seedlings onto site in 3 to

6 months or before they become too big for the pots.

Value: Fair food value for waterfowl; useful for substrate stabilization.

Comments: Can be used for direct seeding of marsh sites providing pos-

sible dormancy in fresh harvested seeds can be overcome. Severe

wave act ion will destroy stands of this species, but it tolerates

normal tidal actions. Heavy grazing by waterfowl can kill young

stands.

Soft Rush (Junaws e uAu~6)

Description: Perennial rush in thick clumps 0.9 to 1.8 m tall, from

C15
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short stout rhizomes that creep and spread rapidly; leaves small,

reduced mostly to sheathing scales; culms pale green, round in

cross—section, ridged, about 0.5 to 5 mm thick, and relatively easy

to compress; flowers July to September in pale brown clusters lo-

cated laterally about 8 to 15 cm from stem tips.
Range: Throughout North America.

Habitat: Freshwater peaty swamps, bogs, and marshy areas; areas that

maintain a few inches of water for prolonged periods , such as pools

and waterways.

Assoc iated species: Smartweeds, sedges , nutsedge, cattails, rushes,
and bulrushes.

Tolerance: Tolerates pH of 4.0 to 5.9 and oil and grease contamination.
Tolerates lack of inundation throughout the summer months very well.

Establishment:

Seeds. Gather seeds and store in fresh water at 5°C.

Transplants. Dig clumps and separate into sections for trans-

planting on the site or into peat pots for holding.

Value: Shelter for wildlife, particularly ducks; food for muskrats,
small rodent s, and moose; seeds eaten by songbirds; spawning habi-

tat for sunfish; of value in nitrogen fixing.

Comments: Regenerates quickly; harbors mosquitoes, troublesome in Puget

Sound and in low pasture areas throughout the U. S. Not palatable

to most browsers.

Softstem Bulrush (Swtp a4 va.Udu4)

Description: Perennial sedge , about 3 m tall, from stout , scaly , rhi-.

zomous rootstock; stems round, tapering, erect , and densely clumped,
leaves inconspicuous ; flowers June to September; seed head many

clusters with small, dark mucilagenous seeds with hard impervious

seed coats.

Range: Widespread throughout U. S.

Habitat: Lower areas of freshwater and slightly brackish marshes; also

In shallow ponds , log holes , and stream banks; grows in clays,
heavy sands, and man s; prefers low water levels.
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Tolerance: Tolerates pH of 5.3 to 7.8; cannot tolerate prolonged inun-

dation or even moderately brackish water.

Associated species: Arrow arum, arrowheads, and pickerelweed.

Establishment:

Seeds. Harvest mature seed from July to September, shatter, and

store dry or in freshwater. Very difficult  to germinate.

Transplants. Dig plants, separate individual plants and replant
or pot for holding.

Rootstock. Dig plants and rhizomes; cut off shoots if present;

divide individual pieces of plant material taking care to have

at least one viable growth point on each piece; plant on site

or in pots for holding.

Value: High food value for muskrats, ducks, and other waterfowl;

shelter and nesting for various wildlife; useful in substrate

stabilization and building new land.

Switch Grass (PanAcam vAJt~a~-twn)

Description: Perennial grass , 1 to 2 in tall, in large bunches from
scaly , creeping , vigorous rhizomes; stems partially woody; leaves

long, narrow , and characteristically have a small nest of hair
where the leaf blade attaches to the sheath; flowers July to

September ; large seed produced in abundance in open, delicately

branched seed head.

Range: Inter ior plains, Ontario, Nova Scotia, and Maine to Florida.
Habitat: Open areas on dry to moist sandy soils and shores ; upper por-

tions of fresh and brackish water marshes.

Tolerance: Tolerates pH of 4.5 to 7.5; wide range of soil and climatic
conditions.

Associated species: Foxtail and groundsel tree.

Establishment:

Seeds. Collect when mature but before shattering and store dry at

5°C. Broadcast planting and raking into soil shallowly is

sufficient.
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Transplants. Dig clumps, divide into sections, and transplant

to site or into peat pots for holding.

Torpedo Grass (PctnAcwn ~tepen4)

Description: Perennial grass to 1 m from small rhizomes; leaves flat

or folded , alternate, and narrow.

Range: Gulf and south Atlantic coasts.

Habitat: Freshwater marshes, estuarine areas and swampy areas; low wet

sites but sometimes in submergent situations as well as on high

dunes. Grows most rapidly and extensively along ditches, canal

banks, and very moist sites; may extend into water and develop
large floating mats.

Tolerance: Tolerates pH range of 5.0 to 8.0; wide range of soil and

moisture conditions.

Establishment: By transplants or rhizome sections, preferably in late

winter to early spring . Dig clumps and rhizomes or pull out of

water , divide , and replant or put in peat pots for holding.

Value: Low food value for wildlife ; high cover value for wood duck

young and waterbirds.

Comments: Effect ive and rapid stabilizer , but potential nuisance; fre—
quently colonizes portions of dredged material disposal banks;

forms pure stands along low sandy beaches.

Tufted Hairgrass (VeAchamp4.La cae4p.L-to4a)

Description: Perennial grass forming densely tangled clumps 60 to

120 cm tall; leaves flat or folded; flowers May to June ; seeds

mature July to September in purple-tinged seed heads.

Range: Alaska to Greenland and south to New Jersey; West Virginia,
North Carolina, Ill inois, North Dakota , New Mexico , and California.

Habitat: Fresh to brackish wet places; marsh edges, wet meadows ,
mountain meadows .

Tolerance: Does not tolerate long periods of inundation or much

salinity.
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Associated species: Lyngbye’s sedge, rushes, and bulrushes.

Establishment: By seed or transplants (either peat—potted or dug from

natural stands).

Seeds. Gather, shatter, and store dry or in fresh or distilled

water for 180 days; germinate readily at 10 to 25°C.

Transplants. Dig clumps, separate into small sections and trans-

plant immediately into the site or into peat pots for storage.

Value: Excellent forage, provides good wildlife cover.

Comments: Adapted to high marshes; best used in fresh to brackish

areas with minimum periods of prolonged inundation .

Water Plantain (AL ~4ma pLan-taQo-agu.a~t~ca)

Description: Perennial herb from a corm—like rootstock; leaves basal,
elongate , petiolate , narrowly egg—shaped above , floating or emersed

on erect stems; flowers small, white , borne on panicles throughout

the summer .
Range: Common throughout much of the United States.

Habitat: Shallow, fresh water (up to about 15 cm deep) and wet soils;

marshes, ponds, streams, ditches, and lake margins.

Tolerance: Tolerates periods of submergence , turbidity, moderate pollu-

tion , and pH of 7.0 to 8.8.
Associated species: Most shallow water emergent fresh marsh species.

Establishment: By rootstock and seeds. The rootstock generally is

divided and replanted at same depth in soil a’id/or water as origi-

nally located. Seeds go through period of dormancy. Germination

stimulated by water drawdown and light.

Value: Low wildlife value; small quantities of seeds eaten by ducks,

a few songbirds, pheasants, and rodents, and the leaves are eaten
to a minor extent by rabbits and deer.

Wild Rice (Z.Lzan..üt agwz.t&~a)

r
Description: Annual aquatic grass about 1 to 3 in tall; underground
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roots short , prop roots from lower stem nodes; leaves flat and

sheathed , up to 5 cm wide and 100 cm long; flowers July to August

in loose purplish clusters on large terminal panicles.

Range: Manitoba to Nova Scotia and throughout eastern half of U. S.

Habitat: Fresh to slightly brackish marshes and slow streams in 5 to

80 cm of water; requires soft, deep mud and slowly circulating

water.

Tolerance: Tolerates pH of 6.2 to 8.8; withstands water depths up to
1.0 m and salinities no greater than 2 to 3 ppt .

Establishment:

Seeds. Store seeds wet at 1 to 3°C . seeds do not go through dor-

mant period. Broadcast in fall or early spring; germination

requires stable water levels.

Value: High food value for birds and other wildlife, cover for birds.

Comment s: Very sensitive to environmental conditions.

Yellow Flag (Ifl.-L6 ve)L6AJloto’L)

Description: Perennial from pink—fleshed rhizomes; leaves sword—like

to 80 cm long; flowers yellow, large, and showy from June to
August.

Range: Northeastern quarter of U. S.; less frequently in southeast

and Texas.

Habitat: Shallow freshwater marshes and swamps ; muddy margins of

streams , lakes, and ponds.
Tolerance: Will not tolerate long inundations.

Establishment: By dividing and planting rhizome-s as with commercial

hybrid iris varieties. Plant shallowly (no more than 2 cm from
the top of the rhizome). The rhizomes may even by broadcast on

the site and they will take root, but not as successfully as if

they were planted individually.

Value: Leaves and stems of some food value to beavers.

Comments: Showy flowers.
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