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The “no net wetland loss” goal has not been met in urban coastal regions where condi-
tions continue to exacerbate wetland losses. Under the Clean Water Act (Section 404)
the U.S. Army Corps of Engineers and U. S. Environmental Protection Agency share
responsibility for regulating placement of fill material in wetlands. The ‘no discharge
of fill’ rules threaten coastal wetlands with continuing losses due to effects of changing
climate, including rising sea levels, higher storm surges, and flooding. Where inland mi-
gration is limited by development, or where sediment accretion rates are lower than the
rate of sea level rise, urban wetlands will be lost unless marsh topography is elevated. We
explored regulatory and design approaches in recent Hudson-Raritan Estuary (HRE),
San Francisco Bay Estuary and coastal Louisiana restorations, including creation of
new marshland using dredge material. Questions related to sea level rise, ecological
position within the landscape, or potential effects of extreme storm events were not
addressed in the HRE restoration designs; these concerns were taken into account in
other regions. We suggest benefits of marsh ‘replenishment’ should be acknowledged in
Federal regulatory policy and that consistent policies supportive of low-lying coastal
marsh preservation in all regions should be enacted.

Keywords climate change, coastal wetland, Clean Water Act, restoration, sea-level
rise, Section 404, tidal marsh, urban

Introduction

Loss of wetlands in the contiguous 48 states is well documented; intertidal estuarine
wetlands suffered an increase in losses in the 2004–2009 Department of Interior Survey
time period compared to losses between 1998–2004 (Dahl 2011). Salt marsh stability is
the result of an intricate balance between hydrology, vegetation, and sediment loadings and
these continuing losses are the result of both environmental and anthropogenic pressures
on coastal marsh systems.

Address correspondence to Beth Ravit, Center for Urban Environmental Sustainability
(CUES), Department of Environmental Sciences, School of Environmental & Biological Sci-
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Preserving Urban Coastal Marshes 465

Environmental factors contributing to the loss of coastal wetlands include flooding, her-
bivory, and excess nutrient loadings. Peat collapse due to marsh plant death after flooding
can decrease topographic elevations, converting vegetated marsh into open water (De-
Laune, Nyman, and Patrick 1994). “Marsh dieback” can result from herbivory by mud
crabs (Sesarma reticulatum) released from predation due to overharvesting of crab-eating
fishes (Holdredge, Bertness, and Altieri 2009). Deegan et al. (2012) found that excessive
nutrients—common in northeastern urban estuaries due to older combined sewer overflow
(CSO) system discharges and fertilizer runoff—can cause salt marsh loss. Experimental
nutrient-enriched streams grew taller marsh grasses that produced fewer roots and rhizomes
that normally help stabilize marsh creek edges, leading to the collapse of creek banks and
conversion of salt marsh into lower elevation mudflat. High nutrients also increased mi-
crobial decomposition of plant material, further destabilizing creek banks. Modeling of
mid-Atlantic marshes suggests that in enclosed basins tidal flat widths affect marsh loss.
Waves generated in tidal flats increased erosion of the flats’ bed, which increased erosion
of the marsh, widening the tidal flats, and further increasing wave energy (Mariotti and
Fagherazzi 2013). This positive feedback loop appears to be exacerbated by “sediment
starvation” caused by dredging and damming, common activities in urban estuaries. In
addition to environmental stressors, land use activities are a major factor in the loss of
urban marshes. Since colonial times coastal wetlands were drained for crop production
and filled for housing, transportation, industrialization, and landfills. Achieving the goal
of “no net wetland loss” articulated by President George H. W. Bush has been a difficult
task (Beck 1994; Hough and Robertson 2009), particularly in urban coastal regions where
combined development pressures and environmental conditions contribute to wetland loss
(Bies 2006; Lotze et al. 2006).

In an effort to stop losses caused by filling of wetlands, the Clean Water Act (CWA),
Section 404 a, b gave joint responsibility for regulating placement of fill material in wetlands
and open waters of the coastal zone to the U.S. Army Corps of Engineers (USACE) and the
U. S. Environmental Protection Agency (USEPA) (Federal Register 2002; Ruhl and Gregg
2001). The CWA prohibits discharge of materials, including soil or sand, into wetlands
and open waters unless authorized by a permit issued under Section 404 (NRC 2001).
Prohibiting discharges of fill material has been an important regulatory tool since the 1990s
(Hough and Robertson 2009), and coastal restoration projects are often the result of permit-
required mitigation compensation for wetland impacts as required by Section 404. It is
important to note that the purpose of Section 404 was not to specifically protect wetlands;
rather the goal was to regulate the discharge of fill materials into wetlands (Swords 1992),
which is an important distinction. Despite the benefits provided by the “no discharge”
prohibition, there is one significant wetland category that is threatened by adherence to
these regulations—low-lying coastal wetlands and proposed coastal wetland restorations
that are likely to be subject to the effects of rising sea levels, higher storm surges, and
flooding (CCSP 2009; Craft et al. 2009; Fischman 1991; Jones, Bosch, and Strange 2009;
Nicholls and Cazenave 2010; Törnqvist and Meffert 2008).

Coastal marsh sustainability is determined by three factors (Figure 1): (1) ability of
marsh surface elevations to rise at a rate comparable to SLR; (2) rate of marsh seaward
boundary erosion; and (3) space for marsh migration landward (Jones, Bosch, and Strange
2009; Tol, Klein, and Nicholls 2008). To preserve wetlands, legal scholars have described
steps that might be taken to facilitate inland migration of wetlands (Flischman 1991; Sax
1990). In highly developed urban estuaries where landward migration is precluded by
extensive development the limited options available that would support survival of coastal
wetlands include engineering to keep rising waters out (Nicholls 2003), a controversial

D
ow

nl
oa

de
d 

by
 [

R
ut

ge
rs

 U
ni

ve
rs

ity
] 

at
 0

8:
18

 1
7 

Se
pt

em
be

r 
20

14
 



466 B. Ravit and J. S. Weis

Figure 1. Schematic representation of marsh response to sea-level rise (SLR): (a) unblocked inland
retreat or drowning and (b) “replenishment” of marsh through addition of new substrate.

option in the case of NY/NJ harbor (Coch 2012; Hill 2012) or extending marshes into
existing mudflats and/or open waters through placement of new substrate (Weinstein and
Weishar 2002). However, under Section 404 regulations, placement of new substrate in
wetlands or open waters would require mitigation for wetland fill.

Therefore, the current Section 404 regulations create an interesting conundrum because
successful urban coastal marsh restorations may require the addition of material to elevate
marsh surfaces. There are different restoration techniques that involve the reconfiguration
of the surface substrate:

1. Reestablishment of tidal hydrodynamics. Tidal restrictions due to dikes, levees,
and other water-control structures lead to a reduction in porewater salinity and
lowering of the water table. Breaching of dikes and modifications to tide gates
or other water control structures in order to reestablish tidal flushing regimes has
resulted in the reestablishment of native salt marsh vegetation at many restoration
sites. This type of restoration does not necessarily involve physical alteration of
surface elevations, except in areas where tidal creeks are restored. However, historic
dewatering of a site often contributes to subsidence that can lower marsh surface
elevations to heights that will only support open mud flats (Yuill, Lavoie, and Reed
2009).
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Preserving Urban Coastal Marshes 467

2. Restoration through eradication of invasive plants (Phragmites) and revege-
tation with native plant species (Spartina alterniflora). Invasive plants can be
eradicated using herbicides, burning, and manual harvesting. These techniques are
expensive and difficult to implement, and in the case of herbicide application,
multiple applications over several growing seasons may be necessary. In addition,
some invasives (Phragmites) increase marsh surface elevation (Rooth and Steven-
son 2000), and so the restoration process may also involve mechanical lowering of
the marsh surface by physically removing the top foot or more of marsh and plant
material prior to planting of Spartina.

3. Island enlargement. Placement of fill or dredged material (beneficial reuse), fol-
lowed by planting of marsh grasses can restore marshes that have disappeared due
to “drowning” as a result of subsidence of the marsh surface and/or rising sea
levels.

“Replenishment” has been an acceptable response for beaches and sand dunes lost due
to storm surges and rising sea levels (Finkl 1996; Slott, Murray, and Ashton 2010; Stive,
Nicholls, and Devriend 1991), although this policy is not without controversy (Hoagland,
Jin, and Kite-Powell 2012; Speybroeck et al. 2006) due to the cost and need for continual
addition of new substrate. In order to forestall loss of coastal marshes should “replenish-
ment” of salt marshes be considered as well? Should five decades of wetland no fill policy
be revisited to consider requiring placement of fill material in open marshes or open waters
if a coastline is at risk? To probe these questions we examined three recent urban marsh
restorations in the Hudson-Raritan Estuary (HRE), restoration practices in San Francisco
Bay Estuary and coastal Louisiana.

Hudson-Raritan Estuary (HRE) Restorations

Evidence is accumulating (Miller et al. 2013; Williams 2013) that suggests the northeastern
U.S. coastline is especially vulnerable to sea-level rise (Gornitz, Couch, and Hartig 2002;
Kirshen et al. 2007; Sallenger, Doran, and Howd 2012; Zervas 2009). Exacerbated by local
temperatures projected to increase 1.5–3.5◦F (winter) and 2.5–4◦F (summer), northeastern
U.S. sea-level rise (SLR) is predicted to be greater than projected global averages, threat-
ening long-term sustainability of the region’s coastline and with the subsequent loss of
existing estuarine wetlands (CCSP 2009; Gornitz, Couch, and Hartig 2002; Karl, Melillo,
and Peterson 2009; Miller et al. 2013; Strauss et al. 2012). The HRE’s urban wetlands are
not accreting new sediment fast enough to match rising seas (Gornitz, Couch, and Hartig
2002; Kirshen et al. 2007; Nicholls and Cazenave 2010; Scavia et al. 2002; Stammer-
mann and Piasecki 2012; Yin, Schlesinger, and Stouffer 2009) and the density of regional
development precludes significant landward migration (Kennish 2001).

Three HRE restoration projects (for detailed site history and descriptions see Ravit,
Weis, and Rounds, in press) illustrate the three types of restoration activities described
above. These restorations were completed between 2010–2012 prior to the SuperStorm
Sandy storm surge event: Jamaica Bay, NY marsh island restorations (JB); Jersey City, NJ
Lincoln Park West marsh (LP); and the Kane Wetland Mitigation Bank in the NJ Mead-
owlands District (KWMB). Although the restoration sites and project objectives differed
substantially, all three projects dealt with creation of low marsh topography and replanting
of native low marsh Spartina alterniflora; the two NJ projects included reestablishment of
tidal hydrodynamics and removal of invasive Phragmites australis.
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468 B. Ravit and J. S. Weis

Were the HRE restorations “successful”? We suggest the answer to this depends on
the definition of “success” and timeframe, as well as the accuracy of predicted changes in
local coastal hydrology. Until fairly recently it has been common to judge U.S. salt marsh
restoration “success” using habitat structural targets (vegetation cover, biotic community
composition often compared to an undisturbed reference site), rather than shoreline pro-
tection features, sedimentation versus SLR, or erosion targets (Kirwan & Megonigal 2013;
Pethick 2002), and this is the case with the three HRE projects. We found no evidence that
projected SLR, more frequent extreme storm events or surges, marsh positioning with the
larger landscape, or projected rates of sediment deposition were factors taken into account
in the design or evaluation of these three restorations. It appears that financial consider-
ations, the desire for low marsh habitat drove restoration design decisions at these three
HRE sites.

At the completion of construction it is premature to conclude what the long-term eco-
logical trajectory of the HRE restorations will be, since development of mature salt marshes
requires multiple decades (Morgan and Short 2002; Neckles et al. 2002; Warren et al. 2002;
Williams and Orr 2002; Williams, Orr, and Garrity 2002; Zedler and Callaway 1999). There
are no monitoring plans and/or requirements to evaluate the long-term sediment accretion
rates or the ability of these restorations to keep pace with local SLR. However, after ini-
tial placement of dredge material on the JB marsh islands subsidence rates of 50% were
observed, requiring additional dredge material to achieve low marsh elevations (L. Baron,
USACE, personal communication).

Of the three projects, it appears that LP most closely met project short-term targets
established to determine restoration “success,” including cover of low marsh Spartina
alterniflora. The KWMB has a 20-year active management and long-term monitoring
permit requirement due to the novel use of a 7,000-m Hessko-concertina berm around the
marsh perimeter (Mazzei 2010), selected because the footprint of a more typical earthen
berm would have reduced the number of mitigation banking credits for sale (R. Mogensen,
former EarthMark Project Manager, personal communication). At the time of this writing,
monitoring requirements had not yet been established for all of the JB restoration initiatives
(D. Riepe, American Littoral Society, personal communication).

The KWMB suffered significant damage from SuperStorm Sandy, which required
dewatering of the site, replanting, and repairs to the damaged berm. LP and JB marsh
islands appear to have escaped damage associated with Sandy (LBG 2012 and USACE
2013d, respectively). However, invasive Phragmites was expanding in high marsh areas of
LP and erosion of sand from the adjacent golf course was occurring (LBG 2012); premature
removal of protective fencing in March, 2103 to meet a required project end date may have
contributed to significant marsh loss when young Spartina plants were grazed and uprooted
by geese (C. Alderson, NOAA, personal communication).

The topography of the three sites was graded predominately for low marsh, mudflats,
or open water. Dredge material brought onto JB marsh islands and LP sites was not utilized
to create a high marsh buffer, and none of the designs or permit requirements included high
marsh that would allow migration upward by low marsh in response to SLR. When higher
elevation scrub-shrub vegetation was planted at LP, survival and coverage did not meet
restoration targets, which is common when trying to engineer elevations and hydrology for
high marsh vegetation (NRC 2001). At KWMB the option of bringing in additional material
to raise marsh elevations acknowledged to be too low even for low marsh, as well as to fill
the berm gabions, was rejected; the original restoration design was modified through the
addition of channels, expansion and deepening of surface waters to produce more fill from
material excavated onsite.
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Preserving Urban Coastal Marshes 469

Restoration Approaches in Other Regions

While the three HRE salt marsh restoration projects did not take SLR into consideration,
this is not the case in all regions of the United States. At the national level NOAA held
a workshop for the northeastern region in 2010, and the Workshop Report (NOAA 2011)
states “sea level rise in particular poses new threats that need to be incorporated into
restoration planning.” This workshop developed guidance on incorporating SLR into site-
specific restoration plans using background information that includes: tidal elevations,
site elevation/surface topography, bathymetry, habitat/vegetation zones, barriers to inland
migration, the rate of wetland accretion, freshwater inflows, water velocities and depths,
suspended sediment concentrations, and potential flooding from storm events. NOAA
recommended that at a minimum, projects plan for the current SLR rate (designated the
“low” scenario); however, the “medium” and “high” SLR rates should also be considered
and the risks assessed for each design alternative. To allow for inland migration of the
restored marsh, projects should include a transition/buffer zone that incorporates gradual
slopes and barriers to migration should be removed where possible. We note that although
NOAA does have an advisory role to the USACE for Section 404 permits, the USACE
has final authority regarding coastal wetland permit applications and permit requirements
(MOA 1992).

San Francisco Bay (USACE South Pacific Division; USEPA Region 9)

In California, practioners involved in marsh restoration in San Francisco Bay (SFB) Estu-
ary are taking rising sea levels into account and urging an adaptive management approach
(Calloway et al. 2007). Orr, Crooks, and Williams (2003) investigated the sustainability
of SFB marshes and found that vertical accretion models suggest marshes in San Pablo
Bay will be sustainable under moderate SLR (3–5 mm yr–1) with average sediment supply
(c. 100 mg L–1). The Bay Institute proposes use of a “horizontal levee” that would incor-
porate a brackish marsh at the landward edge of a tidal marsh restoration design. As marsh
plant root systems expand, the brackish marsh would accrete and accelerate vertical growth
of the marsh plain, allowing it to keep pace with SLR (brackish, back-marsh networks
existed naturally as part of shoreline wetland ecosystems, but have been destroyed to make
way for development). In order to build the “horizontal levee” sediment dredged from
flood control channels would be beneficially reused and recycled wastewater from water
treatment plants would be used for irrigation.

Louisiana (USACE Mississippi Valley Division; USEPA Region 6)

Another section of the country concerned about SLR and marsh restoration is the Gulf
Coast, where a chronic deficiency of Mississippi River sediment, subsidence, and SLR
are contributing to severe marsh losses. Coastal marsh restoration projects are abundant
in Louisiana, which has lost 1,883 mi sq2 of wetlands over the last 80 years, and where
$17.9 billion will be spent on marsh creation (Reed and Wilson 2004). In 1998, after
extensive studies and evaluation of a number of Louisiana coastal restoration projects
it was determined that local individual restorations could not restore wetlands already
replaced by open water, and an ecosystem scale approach to restoration was needed. The
State of Louisiana and the Federal Agencies adopted a new coastal restoration plan, “Coast
2050: Toward a Sustainable Coastal Louisiana.” The underlying principles of the plan are
to mimic and restore the natural processes that built and maintained Louisiana’s coast. This
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470 B. Ravit and J. S. Weis

approach necessitates basin-scale activities to restore more natural hydrology, as well as
sediment introduction. The plan proposes ecosystem restoration strategies that would result
in efforts greater in scale than any previously attempted. The Coast 2050 plan has as its
first goal achieving vertical marsh accumulation.

To meet this goal the restoration will use sediment and water from the Mississippi and
Atchafalaya Rivers to maintain and rebuild elevations that will include cypress swamps,
marshes, and barrier islands. Pumped sediment diversions (up to 250,000 ft3 sec–1 dur-
ing high-river events) and pumped dredged sediments will be employed to rapidly build
wetlands that would be maintained through sediment diversions. Although questions have
been raised about deleterious effects of these diversions and high nutrient concentrations
in diverted waters, the balance of evidence indicates that additional nutrients could benefit
plant production and the diversions could be effective in restoring wetlands if designed to
maximize sediment inputs (Morris, Shaffer, and Nyman 2013).

Beneficial Reuse of Dredge Material

There are precedents for placing fill material in wetlands to counter subsidence and SLR and
to enhance native vegetation (Edwards and Proffitt 2003; Ford, Cahoon, and Lynch 1999;
Slocum, Mendelssohn, and Kuhn 2005). Spraying a thin layer of dredged sand (23 mm)
onto a subsiding Spartina alterniflora marsh and shallow pond resulted in a three-fold
increase in vegetation and rhizome growth into the pond area. There are other examples
of beneficially reusing dredge material to preserve coastal wetlands in California (Coastal
Conservancy 2012; LTMS 2012); Texas (USACE Galveston District 2012); and Louisiana
(USACE 2010), and a number of other beneficial reuse projects have been completed by
the USACE in fourteen additional states (Costa-Pierce and Weinstein 2002).

There is evidence that marshes constructed with dredged materials may not be as
biologically diverse as naturally occurring marshes and that their ecological functionalities
differ. In a beneficial reuse similar to the Jamaica Bay project, over 2 million m3 of dredged
material was used as fill for Louisiana barrier marsh island restorations (Fearnley 2008).
Soil bulk density, moisture content, total soil carbon and percentage of nitrogen were all
lower in restored marshes than in a natural marsh reference site, while pH was much higher
(8.33 versus 6.41) than in the natural marsh (Fearnley 2008 and references therein).

Streever (2000) reviewed many studies and concluded that mean values for above-
ground and belowground biomass, sediment organic carbon, polychaete and crustacean
densities may differ in dredged material versus natural marshes. It is clear that restored
marshes provide habitat for birds, but limited data suggest that dredged material marshes
may support a less diverse community of birds than natural marshes (Melvin and Webb
1998), although Armitage et al. (2007) found similar avian populations in restored and
reference sites. Even though dredged material marshes may not be exactly equivalent to
natural marshes, they are clearly preferable to marshes that are so low they are in danger
of being submerged.

Reuse of dredged material is driven by the need to find cost effective means for the
USACE to keep America’s waterways navigable (USACE 2010), although energy-intensive
pumping of dredged sediments for coastal restoration will likely become more expensive in
the future (Day et al. 2005). Federal law authorizes the beneficial use of dredged material
for habitat development (Yozzo, Wilber, and Will 2004), and this may result in expanding
existing marshes and/or increasing marsh elevations. The State of New Jersey specifically
“discourages” filling in open water areas and “filling wetlands areas is prohibited” (NJDEP
1997), although dredge materials generated by the NY/NJ Harbor Deepening Project were
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Preserving Urban Coastal Marshes 471

used in LP, the first NJ wetland restoration to permit beneficial reuse of dredged material,
a positive step. However, the Federal mandate is driven by the need to dredge, rather than
the need to preserve coastal marshes. When a dredging project is completed, the source
of new substrate is gone, although dredging of navigation channels will likely continue to
generate materials for beneficial reuse.

A Marsh “Replenishment” Approach

Given the existing uncertainties of climate-related coastline and hydrologic changes, longer
time frames for restoration monitoring, in situ adjustments in response to changing and/or
unpredicted conditions, and a greater emphasis on placement within a landscape setting
are needed. Federal and state regulations (NOAA 2000) governing beach replenishment
are in place and NOAA has recommended that SLR be considered when designing tidal
wetland restorations (NOAA 2011). Therefore, we propose that the USEPA and USACE
remove coastal wetland restoration projects from Sect 404 regulations and develop Federal
guidelines that would support permitting of wetland “replenishment” with appropriate fill
material when urban coastal wetlands are threatened by environmental factors or when
urban coastal wetlands are being created/restored. Such guidelines would need to address
complex issues, such as what constitutes acceptable fill material(s) and material sources for
a specific site; allowable concentrations of contaminants given existing local background
contaminant levels; restoration site and/or substrate procurement environmental impacts;
project integration with existing Coastal Management Plans; cost and cost sharing; plus
other regulatory issues.

The overall hydrology of natural marshes is determined by a balance between tidal
amplitude, elevation, surface and ground water interactions, macropore structure, and hy-
draulic conductivity (Nuttle and Hemond 1988). These interactions are affected by distance
from creek banks, and so marsh interior hydrology can differ significantly from creek bank
hydrology (Montalto, Steenhuis, and Parlange 2006). Regardless of the type of coastal wet-
land project (preservation, creation, restoration, mitigation bank) we suggest the following
be considered as Federal permitting requirements:

1. Hydrology. A wetland restoration plan should include a model that analyzes the
interaction of local relative SLR, based on consensus scientific predictions at the
time of permitting, and site hydrology over an extended time period (minimum
30 years). The model should include a predicted site hydrologic trajectory as a
basis for monitoring and hydrologic adaptive management over time if the model
proves to be inaccurate.

2. Topography. To sustain hydrologic patterns means taking into account potential
rise in sea level, rates of future sediment deposition, and potential subsidence of
any fill material(s); grain size and the proportion of clay to sand ratio in dredge
material will affect drainage and compressibility of fill substrates. Topographic
designs should reflect elevations required for the site to be sustainable over the
30-year time frame should the modeled SLR occur. A sediment source evaluation,
which contains calculations of future sediment deposition to the restoration site,
should be included in the model. A high marsh buffer placed within the overall
landscape context that could convert to low marsh should SLR meet or exceed the
model projection should be part of the overall restoration design. Requirements that
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472 B. Ravit and J. S. Weis

site elevations are maintained over the modeled time frame should be included in
all permits in addition to vegetation structure monitoring.

3. Legal/Regulatory. Changes should be made in the types of mitigation projects/sites
allowed. Stop permitting projects that LOWER marsh surfaces, even if they remove
invasive Phragmites in the short term. If offsite material is required to reach needed
elevations for restored high and low marsh, a Section 404 permit requirement to
provide mitigation for wetland “fill activities” should not be triggered. There is also
the need to define the level of “clean” required for offsite fill materials, especially
in urban environments where sediments often contain high background concen-
trations of historic contamination. A rigorous Public Comment process should be
employed that will allow regulators to determine whether fill material is necessary
and appropriate for a specific site.

4. Long-Term Monitoring and Funding. Permit requirements and a funding mech-
anism for monitoring, maintenance, and repairs beyond the commonly permitting
five year period are needed. Monies could be required to be held in escrow or a
long-term bond issued to ensure the sustainability of a restored marsh and cover the
costs of necessary repairs or maintenance to keep pace with SLR. We also propose
that public projects not be required to automatically select the low cost bid, but
should have the option of taking into account construction costs that may be higher
in the short term due to importation of offsite material that would enhance greater
future sustainability.

We acknowledge that encouraging placement of fill material in marshes could create unan-
ticipated consequences, including further loss of wetland habitat if inappropriate fill activity
is permitted. We also acknowledge that there are many documented instances in the NY/NJ
region where fill material was employed without adequate oversight (for examples and
details see Encap Project n.d.; Overpeck Project n.d.). Bringing in offsite material requires
significantly more monitoring and testing to ensure that the material is clean. It is also
problematic that there is no universally agreed standard with respect to future sea level or
tidal surge elevations and it is unknown how important a factor SLR is in the sustainability
of a specific site.

Conclusions

Without a consistent Federal regulatory policy that requires accounting for projected SLR
when designing coastal wetlands, the decision to build at low elevations (low marsh,
mudflats, open water) can be made on a case by case basis for financial reasons, size
constraints, the challenges of successfully engineering more complex high marsh hy-
drology/topography, or arbitrary habitat preferences. We note that USACE does have the
authority to approve permits allowing fill materials to be placed in wetlands. However,
use of this authority does not appear to be consistent among USACE Divisions/USEPA
Districts and granting such approvals without requiring compensatory mitigation could be
politically sensitive without updating current Federal wetland policy. We also note that the
USACE has issued two guidance documents (2009, 2011) related to SLR. This guidance
included three probability curves (high, intermediate, and low) that SLR will occur at a
certain rate (G. Woolley, USACE, personal communication). USACE will be incorporating
greater ratios of high marsh into their future designs to increase marsh migration poten-
tial, which has not previously been considered to any great extent (G. Woolley, personal
communication). However, as long as coastal wetland restorations are regulated under Sect
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404 decisions will be made with respect to “placement of fill” rather than with respect to
“marsh nourishment.”

Wetland restoration is an Art on its way to becoming a Science (NRC 2001). Each
restoration project is unique and restoration practioners can “only learn by doing” (C.
Alderson, NOAA, personal communication). While researchers continue to study the tra-
jectory and functions of restored marshes, environmental stressors and a changing climate
are subjecting low lying coastal marshes to inundation and erosion, resulting in continuing
wetland losses. Without the ability to migrate inland or accrete new sediments, urban coastal
acreage will be lost unless adaptive planning policies and regulations designed to increase
marsh surface elevations are implemented. Restoration professionals and regulators are now
acknowledging that SLR is occurring and will affect long-term coastal marsh sustainabil-
ity, and this knowledge needs to be consistently integrated into regulatory permits. Federal
permitting decisions need to take into account broader geographic areas, expanded time
frames, and projected effects of a changing climate. Data suggest that dredged material
marshes can provide some of the functions of natural marshes, but probably do not replace
all of the functions of lost natural marshes. However, in spite of these concerns, if there is
stringent oversight from regulatory agencies and a transparent public comment process, use
of “replenishment” to preserve coastal wetlands can be regulated. A “design build” restora-
tion approach would allow changes to elevations and hydrology based on site conditions
discovered during construction. In short, we believe the prohibition against fill in wetlands
and open water should be changed using purpose dependent regulatory guidelines—follow
CWA fill regulations to prevent further development, but support “replenishment” where
coastal marshes are drowning or eroding.
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