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Introduction
Natural lands that are situated along estuarine coasts generally provide more benefits to people than
any other habitat because they sit at the nexus between land and sea. These include beaches, coastal
marshes, and forested swamps. Of these, tidal wetlands are the most productive habitat in the system
and they perform many vital services, especially in the wetland-rich Delaware Estuary. Tidal wetlands
are critical to: protect inland areas from tidal and storm damage; provide water storage to protect
against flooding; provide important habitat to a wide variety of wildlife, including waterfowl; serve as a
filter to remove contaminants and help sustain water quality; provide spawning and nursery habitat for
commercial fisheries; support active and passive recreation; and provide aesthetic value. Unfortunately,
both forests and coastal wetlands continue to be degraded and lost in the Delaware Estuary at an
alarming rate (PDE 2012) and these losses are expected to increase with climate change and sea-level
rise (SLR) (Kreeger et al. 2010).
As tidal heights and the estuary’s water volume increase in response to SLR and system alterations, the
extent of tidal inundation along coastal areas will also increase, leading to successional shifts in habitat
types as tidal wetlands encroach into non-tidal wetlands and forests. However, this natural migration
(also called “transgression”) is impeded in many areas by development, or attempts to manage fixed
coastlines in place, while erosion appears to be increasing along seaward margins of unprotected tidal
wetlands. Taken together, the seaward loss and restricted landward gain is leading to a substantial net
loss of coastal wetland acreage. The Partnership for the Delaware Estuary (PDE) recently calculated that
more than 2% of tidal emergent wetlands were lost in the Delaware Estuary between 1996 and 2006
(PDE 2012), and models project a minimum of 25% net loss this century (PDE 2010). Therefore,
proactive restoration and management tactics that either facilitate horizontal, landward migration or
vertical accretion of tidal wetlands are expected to become increasingly important to sustain these
critical coastal habitats.
Possible Strategy to Combat Erosion
One potential strategy to help increase the vertical accretion of sediment on shorelines so that wetlands
can keep pace with SLR is to use living shorelines to build elevation and stabilize their eroding edges.
Traditionally, erosion has been controlled using hard structures like bulkheads and seawalls that
abruptly sever the ecological connection between the coast and water, and which do not build
themselves up vertically. Living shorelines are touted as an alternative stabilization technique that uses
natural materials to protect shorelines from erosion while also providing critical habitat for wildlife
(Smith 2006) or enhanced ecosystem services. A variety of natural structures can be used in living
shorelines, such as shellfish reefs, submerged grass beds, and native wetland vegetation. Such
communities are often capable of binding inert materials together with natural cement or fibers,
thereby helping to attenuate wave action, slowing erosion, and providing a temporal buffer for marshes
to accumulate in place (vertical accretion) or “buy time” so that they can move inland (horizontal
relocation).
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Other natural materials can include the use of shrubs and trees, low-profile sills, strategically placed
organic material, or a variety of other materials that recreate the natural functions of a shoreline
ecosystem. In some cases, breakwater projects can be constructed to enhance fish and shellfish
communities by arranging rock breakwaters in segments interspersed with sills, thereby providing
habitat complexity while also creating low-energy, protected shorelines for passive sediment trapping
and marsh expansion. Some biological communities also act as levee builders, increasing their elevation
profile over time, whereas hardened structures cannot elevate themselves to keep pace with SLR.
Combinations of nearshore and onshore tactics are referred to as hybrid living shorelines, which can
further boost both resilience and ecological outcomes.
As with any type of habitat alteration project, the trade offs of living shorelines should be weighed
carefully. Projected stabilization outcomes must be weighed relative to project goals and the primary
ecosystem goods and services being sought. In some cases, the protection of coastal communities and
essential infrastructure will necessarily take precedence over ecological goals, such as fish and wildlife
enhancement or water quality maintenance. However, most types of shoreline stabilization projects can
be designed in environmentally beneficial ways consistent with living shoreline concepts.
It is also important to emphasize that living shorelines should not be misconstrued as natural shorelines.
Living shorelines are designed and engineered similar to other erosion control or restoration projects,
resulting in manipulated environments rather than undisturbed natural environments. Living shorelines
differ from traditional methods, however, by emphasizing both ecological and non-ecological outcomes.
Living shorelines are also usually designed to be less constrained in time and space to more closely allow
for natural dynamic processes rather than to hold the shoreline fixed in place. In short, living shorelines
are designed to work with and enhance nature rather than to resist nature. A common example of a
traditional tactic to hold the shoreline fixed in place is a stone revetment. This solution can provide longterm shoreline protection, but provides little, if any, habitat benefits or connections between the upland
and the water bodies. By restoring hydrological connectivity and using softer, natural materials (often
arrangements of biological communities themselves), living shorelines can be both more cost-effective
and environmentally friendly than bulkheads and seawalls.
Since many living shoreline tactics are new and have not been piloted and monitored for very long, we
still do not know whether they are as resilient as traditional measures over the long term. For example,
the viability of soft materials used in a living shoreline depends on local conditions, especially the
amount of wave energy and type of underlying substrate. Since every site has distinct local conditions,
use of a one-size-fits-all approach can lead to failure. It is therefore possible that some living shorelines
could need periodic augmentation to continue to provide erosion control, and hence, cost comparisons
should consider both short and long term maintenance costs. Ultimately, goals for the “living”
component of a shoreline stabilization project must be tailored to these local conditions and tempered
by the erosion-control needs and amount of acceptable risk that can be tolerated. Coastal managers
must weigh various goals and tactics to balance the need to maintain protection, while also providing
for viable habitat and the continuation of natural land-water exchange and processes (Smith 2006). If
exchange is not facilitated, the areas landward of the sill may become “dead” zones or traps for aquatic
species that cannot exit as the tide ebbs.
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In this study, we focused on identifying potential living shoreline tactics and project opportunities in
New Jersey for the main purpose of controlling or stemming erosion and loss of vital coastal habitats
such as tidal marshes. It is important to note however, that there are many other potential applications
of living shorelines that might help coastal managers or landowners, such as contaminant re-release
avoidance (i.e., a form of capping in contaminated areas), mitigation for ongoing disturbances such as
boat/ship wakes, passive sediment capture to reduce maintenance dredging costs, and environmental
restoration for past disturbances and degradation. The choice of tactic and design of living shorelines
can be adapted to meet various goals and maximize different ecosystem services. In summary, living
shorelines may not always provide the same level of erosion protection as other, more structural
practices. However, living shoreline techniques should provide for mobility of shoreline and near-shore
sediments, which may cause seasonal changes to shoreline configuration. They can also be designed to
help trap sediments and keep pace with SLR. As a result, there may be more of a marsh area or beach in
one time of the year than another, and the long-term sustainability can be increased in comparison to
hard structures or a do-nothing approach. Both natural shorelines and living shorelines are dynamic by
nature, and appropriate applications of living shoreline tactics should accept change as part of the
natural system, not against it.
Planning for Living Shorelines in New Jersey
The PDE has had significant success with developing a new form of living shoreline to stem erosion on
the Maurice River in New Jersey. Our approach is just one of dozens of approaches that are gaining
notice, and our findings show that it works best under a specific set of conditions. This pilot research
and development project has generated a great deal of interest and information concerning many
factors that determine success in living shoreline applications. After completing this pilot project and
also completing a Climate Change Adaptation Study, the PDE and partners have begun to expand the
living shoreline initiative by locating suitable areas throughout the estuary that could benefit from
natural shoreline erosion-control projects, using either this new tactic or approaches developed by
others.
In our climate adaptation planning, six potential tactics were suggested to combat SLR, including the
Delaware Estuary Living Shoreline Initiative. This effort set out to find appropriate areas in the estuary
that would benefit from various forms of living shorelines. The steps involved to accomplish this goal
included completing an inventory of various types of living shorelines, a geographic information systems
(GIS) analysis to narrow down areas of interest in the estuary, field reconnaissance of selected potential
sites, workshops with partners and communities, conceptual plan development for sites where a
demonstration project is deemed most suitable, and engaging the local community in workshops that
will relay project results, gain greater insights into local needs, and reinforce climate adaptation needs
and priorities in real-life coastal communities.
Report Orientation
This final report to the Dodge Foundation includes results from our initial inventory of living shoreline
tactics are included in Chapter 1, and results from GIS analyses of areas of the Delaware Estuary that
might benefit from various living shoreline measures are in Chapter 2. Chapter 3 includes conceptual
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plans and data for selected “areas of interest” in the State of New Jersey. Chapter 4 consists of
proceedings from two workshops. Chapter 5 covers cost comparisons for four potential pilot projects in
the areas of interest that have been targeted as possibilities for living shoreline demonstration projects.
Finally, this report includes a summary of recommended next steps. Chapter 6 summarizes the findings
and gives recommended next steps, and Appendix A includes the minutes from both living shoreline
workshops.
Areas of interest that were selected for field reconnaissance were initially determined through GIS
analysis to pinpoint appropriate rivers that could feasibly benefit from living shorelines based on energy,
public land, outreach opportunities, and erosion, as discussed in the July, 2011, Interim Report (Chapter
2). These areas were narrowed down through field assessments and a partner workshop followed by a
community workshop, resulting in four top areas of interest that would be suitable for a living
shoreline, benefit from increased ecosystem services provided by the living shoreline, and demonstrate
the importance of protecting and enhancing our shorelines to the public that visits those sites. The four
sites that were chosen include a site near the town of Greenwich on the Cohansey River; 2 possibilities
on Money Island, NJ along the Nantuxent Creek close to Downe, NJ; a site in Fortescue, NJ; and a site
near the mouth of the Maurice River, NJ. For each site, the conceptual plan report includes an aerial
view of the site, contour maps showing vegetation and substrate, and a conceptual plan for the living
shoreline installation that can be used for discussion and planning purposes when seeking funds for
these demonstration projects. This report includes results of discussion at the workshops, cost
comparisons for the four top sites, and recommended next steps.

Chapter 1. Inventory
Defining Living Shorelines
“Living Shorelines” have been defined as shoreline stabilization techniques that use natural habitat
elements to protect shorelines from erosion while providing critical habitat for bay/ river wildlife (Smith
2006). They are a creative approach to protecting estuarine shorelines from erosion by using
engineered structures to also maintain, restore, or enhance the shoreline’s natural habitats. These
approaches can include: restoring, enhancing, or protecting existing wetland/riparian vegetation,
construction of a marsh sill, and/or using other engineered structures to maintain, restore, enhance or
create a natural shoreline (Hardaway et. al. 2010).
For the purposes of this inventory project, we further define a living shoreline as any tactic that
stabilizes erosion along the seaward edge of natural habitats such as tidal wetlands while also retaining
or enhancing the ecological value of the shoreline. Typically, hard structures such as bulkheads degrade
the ecological integrity, and so they are not considered as living shorelines according to this definition.
If used as part of a hybrid design, such as for high energy sites, some hard structures can be
incorporated into living shorelines as long as the net ecological integrity of the complete project is
positive relative to baseline conditions.
As with any type of habitat alteration project, the habitat tradeoffs of living shorelines should be
weighed carefully relative to project goals and the primary ecosystem goods and services being sought.
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In some cases, the protection of coastal communities and essential infrastructure will necessarily take
precedence over ecological goals such as fish and wildlife enhancement or water quality maintenance.
However, most types of shoreline stabilization projects can be designed in environmentally beneficial
ways consistent with living shoreline concepts.
One way to do this is to incorporate natural materials and species such as shellfish reefs and planted
vegetation into the design, where those species exist. Such communities are often capable of binding
inert materials together with natural cement or fibers, thereby helping to buffer marshes from wave
action, slowing erosion, and buying more time for marshes to accumulate in place (vertical accretion) or
move inland (horizontal relocation). Other natural materials can include shrubs and trees, low profile
sills, strategically placed organic material, and other techniques that recreate the natural functions of a
shoreline ecosystem. In other cases, breakwater projects can be constructed in ways to enhance fish
and shellfish communities, such as by arranging rock breakwaters in segments interspersed with sills;
thereby providing habitat complexity while also creating low energy protected shorelines for passive
sediment trapping and marsh expansion.
Restoring shoreline with “living shorelines” is not necessarily a new concept. For example, in the early
1970’s, Environmental Concern (EC) constructed a salt marsh channel ward of an eroding shoreline at a
low-energy cove in Talbot County, Maryland. The marsh thrived, and shoreline erosion was reversed.
Over the next two decades, scientists and engineers at EC refined and expanded the initial design,
creating sustainable salt marshes in highly erosive environments. Living shorelines are now increasingly
becoming a more internationally accepted approach for dealing with shoreline erosion instead of strictly
using hardened, man-made structural shoreline stabilization such as sea walls and bulkheads. Many
states and organizations are now working on developing living shoreline initiatives. A brief history with
some of these initiatives is found in Table 1. Shellfish reefs are one example out of a growing spectrum
of tactics that can be considered as living shorelines restoration.
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Table 1. Chronological events in the development of living shorelines in the United States.
DATE
1980s
2003
early 2000s
2005
2006
2006
2007-8
2008
2008
2008
2009
2010
2010
2010
2010
2011

Living Shoreline History
“Living shorelines” term coined in MD
North Carolina passes Living Shoreline Law (HB 1028)
Delaware puts “no bulkhead” policy in place
Dauphin Island, Alabama- Living shorelines used to mitigate storm events
National Academies undergoes Sheltered Coasts study
Chesapeake Living Shoreline Summit held
Florida state government begins Living Shoreline Initiative
Maryland passes Living Shoreline Protection Act
CBT and NOAA begin to quantify ecological impacts of LS
Georgia Department of Natural Resources and TNC begin oyster reef living
shorelines projects
CICEET funds NC work on engineered shorelines
NOAA funds Smithsonian work on shoreline value
CBT and NOAA fund VIMS to evaluate engineering value
President Obama’s Ches. Bay Exec. Order includes LS goal
Rhode Island begins living shoreline effort
NJ begins living shoreline initiative

Several studies have been or are currently being done around the United States to determine what living
shorelines tactics are appropriate for specific types of shoreline. Basic site characteristics can be used to
initially evaluate the potential success of a living shoreline approach along an eroding tidal shoreline.
Some of these characteristics include:









The distance in miles of open water (“fetch”) should be 3 miles or less
The location of shoreline in relation to prevailing winds
Other energy factors such as boat wake and tidal currents
Geological stability, especially for large, heavy structures that could sink
Evidence of existing marsh grasses or submerged aquatic vegetation near the project site
Erosion rate trends
Shallow water depth near the shoreline
Plenty of sunlight

The type of shoreline protection method select typically depends on impinging wave energy. Higher
wave energies driven by shipping, fetch and other factors, typically require stronger and more resilient
structures, but these can be blended or tiered with bio-based tactics to ensure net positive ecological
integrity. Also, the bank height and slope is important on the landward side to ensure stability. Living
shorelines need to be designed to have the proper slope and elevation in order to establish a gentle,
fully vegetated coastal gradient. The VIMS’s Center for Coastal Resources Management has an online
database of permit records (http://ccrm.vims.edu/perms/newpermits.html ) that show what shore
stabilization strategies have been proposed in different locations and is a good reference for living
shoreline studies.
PDE Report No. 12-05, July 2012

6

Often, the standard fix for eroding shorelines is a stone revetment. This solution can provide long-term
shore protection, but provides little if any habitat benefits or connection between upland and the water.
Integrating more novel and ecologically beneficial concepts into shoreline protection projects can
normally be accomplished without much difficulty, especially in low energy wave environments. Softer
tactics can be much cheaper than traditional hard tactics, as well. However, developing living shoreline
solutions for eroding shorelines in medium and high energy wave environments is more difficult and
these must balance the need to maintain protection while also providing for viable habitat and
continuation of natural land-water exchange and processes (Smith 2006).
Even in cases where suboptimal (less ecologically beneficial) materials need to be used (because of high
energy), the design can often be adapted to boost ecological outcomes while also meeting shoreline
protection goals. One way to do this is to perforate or articulate shoreline protection installations to
furnish access for mobile species or to increase the surface or interstitial areas sought by both sessile
and mobile species. The use of gaps in breakwaters and sills (aka. windows, tidal gates) are thought to
provide for habitat and maintenance of shoreline biological processes if designed and installed correctly.
The sill breaks enhance tidal flushing and connectivity and should be maximized, though no studies to
quantify gate effectiveness studies have been done to date. If exchange is not facilitated, the areas
landward of the sill may become ‘dead’ zones for aquatic species that cannot exit as the tide ebbs.
Appropriate window locations and sizes should be governed by the suite of aquatic organisms likely to
utilize the area as well as wind, wave, and tidal conditions specific to each site. More work to establish
specific guidance based on ecological and engineering needs is needed in window design (Takacs 2011).
The skill in designing and building functional living shorelines often has to do with striking the right
balance between adequate structural placements (e.g., rock, reefs, sills) and desired habitat area. Living
shorelines may not provide the same level of erosion protection as other more structural practices.
However, living shoreline techniques should provide for mobility of shoreline and near-shore sediments
which may cause seasonal changes to shoreline configuration. As a result, there may be more of a marsh
area or beach in one time of the year than another. The systems are dynamic by nature and appropriate
living shoreline applications will act as part of the natural system, not against it. “Stability in these living
shorelines should be viewed in the context of seasonal hydrological and sedimentary processes and
accompanying habitat forms” (Davis 2011).

Purpose and Benefits of Living Shorelines
The advantages of the Living Shoreline over the traditional riprap or bulkhead are well-documented.
Recent studies have shown that hardened shorelines (bulkheads, rock revetments) have a lower
abundance of bottom-dwelling organisms offshore and lower numbers of juvenile fish and crabs when
compared to shorelines with vegetated marsh. For example, Seitz et al. (2010) concluded that benthic
abundance and diversity were higher in habitats adjacent to natural marsh than those adjacent to
bulkheaded shorelines, and abundance and diversity were intermediate in riprapped shorelines.
Predator density and diversity tended to be highest adjacent to natural marsh shorelines, and density of
crabs was significantly higher in natural marshes than in bulkheaded habitats, suggesting a crucial link
between marshes, infaunal prey in subtidal habitats, and predator abundance.
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Other major benefits of living shorelines include lower construction costs, maintaining a link between
aquatic and upland habitats, restoring or maintaining critical spawning and nursery areas for fish and
crabs, maintaining natural shoreline dynamics and sand movement, reducing wave energy, absorbing
storm surge and flood waters, and filtering nutrients and other pollutants from the water.
While there are many benefits associated with living shorelines, they are not effective in all conditions,
especially in the highest energy coastal environments. For example along the open shoreline of
Delaware Bay which can have >15 miles of fetch, living shorelines are likely to be successful only when
developed as a multi-tiered, hybrid approach that would necessitate expensive and aggressive
breakwaters at the most seaward edge. Even in those cases, the long-term goal of the living shoreline
would be best viewed as a tactic to slow rather than control erosion.
Other potential drawbacks of living shorelines include the limited understanding of long-term success
for many of the treatment designs, the limited numbers of contractors knowledgeable in their
installation, and the lack of scientific basis regarding the actual effectiveness of living shorelines for
different types of erosion situations and storm conditions. Hence, living shoreline designs do not always
fit neatly into the regulatory guidelines, and recent applications for some recent pilot living shorelines in
the Delaware Estuary have been met with resistance during permitting because of the lack of
understanding and track record. Until living shoreline tactics become more established and permitting
easier, many types of projects will continue to be slow to develop, especially for the casual private
landowner who wants to protect their shoreline as quickly and inexpensively as possible.
There are four main reasons to construct living shorelines:
1. Shoreline Stabilization
The main reason for which living shorelines are installed is to stabilize erosion along valued coastal and
estuarine habitats. The type of tactic and the design should be selected to ensure that the treatment
can withstand the wave and current energies that contribute to the erosion. Reduction of wave height
(wave attenuation) and thus the severity of the impact at the upland bank is a function of wave
interaction with the bottom, wave interaction with the sill structure, and wave interaction with marsh
vegetation. Knutson et al. (2006) report that Spartina alterniflora (SA) marshes significantly reduced
wave height and erosional energy. Wave height was reduced by 50% within the first 5 m of marsh and
95% after crossing 30 m of marsh.
A properly engineered living shoreline can provide as much or more protection than riprap or a
bulkhead. Engineering is site specific.
In an attempt to combat erosion, many shorelines have been hardened over time with artificial
shoreline armor such as riprap revetments and bulkheads. In some cases, however these artificial
structures are not fully effective at protecting shorelines from erosion and they also contribute to
environmental degradation.
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2. Productivity
Natural habitats such as tidal wetlands are far more ecologically productive than hard-armored
shorelines. The net primary productivity of salt marshes exceeds that of most ecosystems worldwide.
Tidal marshes also provide the food sources for many of the important living resources of the Delaware
Estuary, even species that are not marsh residents. Above-ground biomass in created or restored
marshes can be as productive as biomass in natural marshes if basic conditions for marsh establishment
and survival are employed. When protected in their natural state or reestablished through restoration
efforts, these shoreline areas trap sediment, filter pollution, and provide important habitat for both
aquatic and terrestrial wildlife, such blue crabs and fishes in their critical early life-history stages

3. Habitat Enhancement
80% of America’s breeding bird population relies on coastal wetlands, 50% of the 800 species of
protected migratory birds rely on coastal wetlands, and nearly all of the 190 species of amphibians in
North America depend on coastal wetlands for breeding. Facts like these demonstrate the importance
of tidal wetlands as habitat. This is another important reason to protect wetlands from erosion. The
cost/benefit ratio for a living shoreline is impressive. For every dollar spent to construct vegetative
shoreline stabilization, as much as $1.75 is returned to the economy in the form of improvements to
resources, including submerged aquatic vegetation (SAV), fish, benthic organisms, shellfish, waterfowl,
and wetland habitat (Priest 2006).

4. Water Quality
Tidal wetlands are viewed as net sources of carbon (production) and sinks for nutrients and suspended
solids. Nutrients are removed through buriant and biogeochemical transformations (e.g. denitrification).
At the watershed scale, the extensive tidal wetlands in the Delaware Estuary are therefore considered
essential to maintaining water quality. Moreover, the seaward edges of salt marsh shorelines are some
of the most productive areas as evidenced by tall form Spartina alterniflora and rich faunal communities
with filter-feeding mussels as ecological dominants. Therefore, any project that either stems the loss of
tidal wetlands or enhances the functionality of their edge habitats will make positive contributions to
water quality and help safeguard against eutrophication.

Inventory of Living Shoreline Types and Methods
Various types of design options and materials that can be included in living shorelines are summarized
below. This includes biological materials and approaches that survive best in low to moderate energy
areas, inert materials that can serve an important purpose in moderate to high energy areas, and
examples of “hybrid” methods that have been successfully implemented (Table 2). This information was
compiled from existing descriptions of actual projects and results from pilot studies. In the future, this
list will certainly grow as new tactics and materials are developed and proven to be useful.
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“Bio-Based” Material Options
Riparian Vegetation Management
Activities that enhance the density or species diversity of
stabilizing bank vegetation are referred to collectively as
riparian vegetation management. These actions include
trimming tree branches overhanging a marsh to increase
sunlight, selectively choosing desirable plants for natural
regeneration, or planting additional landscape material to
Photo 1. Diagram of functional riparian
increase cover or diversity. Using vegetation buffers to
buffer
intercept stormwater runoff from developed areas and
controlling invasive species that degrade habitat quality and stabilization effectiveness are also included.
Many tidal shorelines are suitable for some type of riparian vegetation management and enhancement
activities.
Sediment Nourishment and Dune Restoration
Sediment nourishment is the addition of sand to a
beach or marsh to raise its elevation and increase
its width to enhance its ability to buffer the upland
from wave action. Dune restoration is the process
of reshaping and stabilizing a dune with
appropriate plants usually after a beach
nourishment event.
These actions are best suited for gently sloping,
Photo 2. Example of dune restoration
marsh or sandy beach shorelines with low erosion.
Beach and bank erosion may still occur during storms. Periodic replenishment is usually needed to
maintain the desired beach profile. This method may not provide sufficient protection where no beach
currently exists or where tidal currents and wave action remove sand rapidly.
Tidal Marsh Enhancement and Creation
Tidal marsh enhancement includes adding new marsh plants to barren or sparsely vegetated marsh
areas. Sand fill can be added to a marsh surface to maintain its position in the tide range or to increase
its width for more protection. Replacing marsh plants washed out during storms also fits into this
category. Less mowing of wetland vegetation can also enhance the stabilizing and habitat features of a
tidal marsh.
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Shorelines with existing marshes or where
marshes are known to have occurred in the
recent past may be suitable for this treatment.
Water depth and the amount of sunlight available
are key factors to consider. A wide, gently sloping
intertidal area with minimal wave action also
indicates suitability.
Tidal marsh creation can be applied where a
natural marsh does not exist. Non-vegetated
Photo 3. Result of tidal marsh enhancement project
intertidal areas can be converted to a tidal marsh
by planting on the existing substrate. Because a wide marsh is needed for effective stabilization, this
method normally requires either grading the riparian area landward or filling channelward into the
subtidal area for a wider intertidal zone. The plant species will depend on the local salinity range plus
the depth and duration of tidal flooding. Two common tidal marsh grasses used for this purpose are
Spartina alterniflora and S. patens.
The most suitable shorelines for tidal marsh creation have wide, gradual slopes from the upland bank to
the subtidal waters, a sandy substrate without anaerobic conditions, and plenty of sunlight. Extensive
tree removal in the riparian buffer just to create suitable growing conditions for a tidal marsh should be
avoided, especially if the forested bank is relatively stable (Smith 2006). Salt marsh plants have a limited
tolerance for wave action. The wave climate and the frequency and size of boat wakes must also be
considered (Perry 2001).
Bank Grading
Bank grading is a land disturbance activity that physically alters the
slope of a shoreline segment, particularly shorelines with near
vertical slopes. A dense cover of deeply rooted vegetation on the
graded bank acts as a buffer for upland runoff and groundwater
seepage. Stabilization in the wave strike zone can be provided with
dense vegetation on the lower portion of the graded bank. Bank
grading can also be combined with planted tidal marshes and beach
nourishment.

Photo 4. Graded bank before riparian
vegetation planted

Low eroding banks with only partial or no vegetative cover are
particularly suited for bank grading.
Confining layers in the bank material and the transition to adjacent shorelines may dictate the extent of
possible grading. Surface and groundwater management measures may be needed.
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Fiber Logs
Fiber logs are also known as coir logs or biologs.
These biodegradable logs come in a variety of sizes
and grades for different applications. They must be
aggressively staked into place to prevent them from
being lifted and moved by tidal currents and wave
action. Fiber logs are particularly useful to
temporarily contain sand fill and reduce wave action
at planted marsh sites.
Fiber logs decay in five years or less. They may need
to be replaced if the planted marsh does not
Photo 5. Fiber log trapping sediment
stabilize before the logs break down. They have also
been placed along undercut banks where excessive shading prevents the growth of marsh vegetation.
Fiber logs work best in low energy environments and are most effective if reinforced with oyster bags
(as in Photo 5) or some other material in front of the logs to protect them from wave energy.
Bivalve Shellfish Restoration with Fiber Logs
In some salt marshes of Delaware, intertidal vegetation and bivalve shellfish could be used as another
method to “soft armor” shorelines and slow erosion through deployment of natural substrates, like fiber
logs, that attract natural bivalve shellfish (ribbed mussels in Delaware) recruitment, combined with
directed seeding of shorelines with bivalves. A practitioners’ guide is available that describes this type
of living shoreline in more detail and can be found at
http://www.delawareestuary.org/science_projects_living_shoreline.asp.

Inert Material Options
Rock
Rock is a traditional material used to break waves and stabilize coastal habitats, and rock can be
incorporated in living shoreline projects. Although not as ecologically friendly as bio-based tactics, rock
is preferable to contiguous bulkheads and seawalls because the interstitial areas among rocks can serve
as habitat for biota. Rock is the preferred protection tactic whenever energies are too high for biobased tactics alone, however rock-based tactics should be combined with bio-based tactics in hybrid
designs where possible (see hybrid section below for examples).
Rock can be placed in specific locations and oriented to the winds and waves to dampen wave energies
and allow for the maintenance or development of marsh and beach features. In many living shoreline
projects, the main purpose of rock is to place it nearshore as a breakwater or sill, thereby creating a
more protected area where baseline erosion is high. Protected areas naturally trap sediment and can
facilitate marsh or beach expansion and accretion, depending on the design and sediment supply. In
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cases where the rock placement coincides with biological remediation such as with vegetation plantings
or intertidal shellfish reef establishment. The combination is referred to as a “hybrid” design (Duhring
2006).
Rock breakwaters can be designed in many ways, such as segmented to allow fish passage. They can
also be built with low relief as sills, which dampen wave energy, allow faunal movements, and retain
trapped sediments. However, if not designed and installed correctly, shoreward marsh (and its habitat
value) may not develop and the beach may still erode (Priest 2006).
Engineers have found that it is also important when using rock to ensure that the bottom is stable
enough to hold the heavier material. This could require geotechnical analysis if sufficient preexisting
geological data are not available. One of the other disadvantages of using rock is that it does not build
itself vertically with sea level rise or increasing storm surge, and so eventual raising may be needed. On
the other hand, a positive is that rocks can naturally readjust themselves in response to settling or storm
forcings, whereas contiguous structures might fail and be breached.
Prefabricated Concrete Materials
Like rock, concrete is an inert and reasonably resilient material, but it can also be formed in ways to
cater to the habitat requirements of plants and animals, thereby helping to boost ecological integrity
while also providing enhanced stability. This category includes a diverse array of products, often
proprietary in design, that have proven to be useful in many pilot living shoreline designs, ranging from
vegetated concrete blocks to concrete domes designed to catch oyster recruitment. While there is a
bright future for many of these materials, they are mainly untested over long time periods or large
scales. Therefore, the application of prefabricated concrete materials should be implemented with
caution in cases or areas where flood protection is paramount (e.g. high vulnerability infrastructure or
coastal communities) until the track record for these materials becomes more proven. Pilot projects are
needed to contrast the relative merits and long-term viability of these materials in the
Delaware Estuary. Examples of prefabricated materials include:
1. Reef Balls – designed to stabilize bottom, protect shorelines,
increase habitat complexity for fish, and catch oyster recruitment. Can be
fashioned in varying sizes tailored to habitat needs and energy.

Photo 7. Example of
reef blok

2. Reef Blok - designed to stabilize bottom, protect shorelines,
increase habitat complexity for fish, and catch oyster recruitment. Can be
fastened together to create an underwater reef system.
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3. Wave Attenuation Devices (WAD) - designed to stabilize
bottom, protect shorelines, increase habitat complexity for
fish, and catch oyster recruitment.

Photo 8. WAD used for marsh
protection

4. Shoretec Vegetation Cells - Shoretec is a hard armoring options that
are supposed to become a part of the landscape and the local ecosystem. Its
construction is free of hazardous projections thus offering opportunities for
recreation as native grasses are quick to germinate in the soil filled cells.
Photo 9. Example of
Shoretec vegetation cells

Hybrid Options
Marsh Toe Revetment
Marsh toe revetments are low profile structures placed
at the eroding edge of an existing tidal marsh.
This approach is also known as marsh edge stabilization.
They are typically constructed with quarry stone. If the
structure height will exceed the mean high water
elevation due to the expected wave height or the target
shoreline requires a long continuous structure, then gaps
may be needed to facilitate tidal exchange. The most
Photo 10. Marsh toe example
suitable sites for this treatment have existing tidal
marshes wide enough to provide upland erosion protection but with an eroding edge and a trend for
landward retreat.
Marsh Sill
Marsh sills are a similar type of low stone structure, but
they are used where no existing marsh is present. Sills are
usually located near the low tide line, then backfilled with
clean sand to create a suitable elevation and slope for
planted tidal marsh vegetation. Like marsh toe
revetments, the height of the sill should be near the
mean high water elevation to minimize interruption of
tidal exchange.
Photo 11. Marsh sill example in the Chesapeake

Eroding banks without a tidal marsh present are
Bay
candidate sites for marsh sills, particularly if marshes exist
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in the general vicinity. However, the physical alterations needed to create suitable planting elevations
and growing conditions should not require major disturbance to desirable shoreline habitats, such as
mature forested riparian buffers or valuable shallow water habitats (e.g., shellfish beds, submerged
aquatic vegetation). If bank grading is appropriate to create target slopes, then the bank material can
possibly be used to backfill a marsh sill if it is mostly coarse-grained sand. Sand fill can also be imported
from an upland source.

Marsh with Groins
Using short stone groins to support a planted marsh
is a similar approach to a marsh sill, except these
structures are placed perpendicular rather than
parallel to the shoreline. The groins can be used to
contain sand fill within the project site. This method is
suitable for lower energy shorelines where erosion of
Photo 12. Marsh groin examples done by MD DEP
the unprotected marsh edge is expected to be
minimal, whereas sills can be used where direct wave
action and boat wakes need to be reduced. However, the potential effects on sediment transport and
downdrift shorelines need to be considered.

Nearshore or Offshore Breakwater System
An offshore breakwater system is a series of freestanding
trapezoidal structures strategically positioned offshore to create
a stable beach profile with embayments. Even though they tend
to be large and costly projects, offshore breakwater systems are
commonly included as a living shoreline approach because they
include a dynamic, natural beach feature in the design. Nonvegetated beach areas within breakwater systems also provide
habitat for terrestrial and aquatic wildlife, including shorebirds,
turtles, terrapins, and the northeastern beach tiger beetle.
Oysters, mussels, algae, and other reef-dwelling organisms may
colonize the shallow water structures.

Photo 13. Off shore rock breakwater
with marsh enhancement

Suitable sites for offshore breakwater systems are medium and high-energy sand beaches, banks, and
bluffs without adequate sand for erosion protection and an historic trend for landward retreat. Like
groins, offshore breakwater systems can interrupt longshore sediment transport and adversely affect
downdrift shorelines. Beach nourishment and stabilizing beach and tidal marsh vegetation are usually
part of a living shoreline that includes a breakwater instead of allowing natural accretion of sediment so
that the marsh or beach is stabilized sooner.
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Table 2 summarizes and compares the different types of single and hybrid living shoreline tactics.
Choosing the least intrusive yet effective method needed to stabilize shorelines should be the main
objective to minimize habitat tradeoffs and cost. Nonstructural methods that emphasize the use of
dense riparian and wetland vegetation can be applied to
many low energy shorelines with minimal wave action or
boat wakes. They can also be combined with hybrid
methods, such as a marsh sill combined with bank grading
and a planted marsh.
The hybrid types of living shoreline design options have
several characteristics in common. The structures should
be necessary to support habitat enhancement,
restoration, or creation. Important coastal processes are
Photo 14. Offshore oyster dome breakwater with
also minimally disrupted by properly designed hybrid
beach nourishment
projects, particularly tidal exchange and sediment
transport. Effective hybrid projects provide enough protection without the need for erosion control
structures at the riparian-wetland habitat interface if possible. This allows for the landward retreat of
tidal marshes and sand beaches in response to rising sea levels. Connections between riparian and
wetland habitats can enhance bank stability in the wave strike zone while also providing wildlife habitat
value with food, cover, and vegetated corridors.

Other Considerations
Some methods were not included in this summary of living shoreline design options because they are
not widely practiced and their effectiveness is still under investigation. Oyster shell reefs can be
designed to mimic marsh toe revetments or marsh sills, but it is not clear if uncontained oyster shell is
sufficiently resistant to wave action and tidal currents. The placement of oyster shell adjacent to existing
or planted marshes to support native oyster restoration efforts is most likely suitable even with limited
erosion protection benefits. Pre-cast concrete structures in various shapes have also been deployed in
intertidal and subtidal areas to provide wave dissipation as well as habitat for shellfish and other reef
dwellers.
“Living walls” for steep bank stabilization is another method commonly applied to upland slopes. This
engineered system of support structures with planted vegetation is intended to provide stabilization
without extensive land disturbance and bank grading.
Depending on the level of protection that is needed, nonstructural and hybrid methods may not always
be easier, less costly, or require less maintenance than rock revetments and bulkheads. While this may
be the case with tidal marsh enhancement and creation projects, professional design and engineering
assistance is usually required. Local knowledge or predictions of tide range, predominant wind direction,
and wave height are required for effective designs. The amount of sand fill needed for sills, groins, and
breakwater systems has to be accurately calculated to prevent adverse downdrift effects. Predicting
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how banks should be graded to achieve stable slopes and determining if the bank material is suitable for
backfill also requires professional expertise.
Wider acceptance of the living shoreline approach with its inherent limitations could shift the current
trend for shoreline armoring, particularly in very low energy settings. Design guides can be used for
initial site selections, but site-specific design considerations are also required.

Suitable Areas and Criteria for Living Shorelines

As mentioned, living shoreline techniques are most easily implemented in low energy wave
environments. Living shore solutions for environments within medium and high energy environments
are more difficult and become a balancing act between maintaining enough protection, while, at the
same time, providing viable habitat and continuation of natural water exchange processes. The less
favorable the conditions are for implementing a non-structural living shoreline technique, the more
likely a hybrid or combination of living shoreline and structural approach is necessary.

Physical Criteria for Site
Determining if a living shoreline is the appropriate erosion control method must be made on a site by
site basis. In general, deciding if a living shoreline approach is appropriate depends on a combination of:
Fetch and Shore Morphology
A critical criterion to living shoreline placement is fetch, a measure of the exposure of the site to wave
action. Generally when the fetch exceeds one mile, the chances of success without some type of
structural protection are limited. Between one and 0.5 miles, chances improve but some minimal
structure, such as biologs, is advisable to help the marsh become established. When the fetch is <0.5
mile, chances of success without structural toe protection, such as a rock sill, are good. Average fetch is
calculated by determining the distance to the far shore along five transects. The main transect is
perpendicular to the shore orientation and two transects 22.5 degrees apart are located on either side.
The five measurements are then averaged. Shore morphology and depth offshore are also important
criteria. The nearshore gradient will influence incoming waves. The distance from the shoreline to the
6ft contour reflects slope and extent of the nearshore estuarine shelf. The very nearshore depth where
possible sills or breakwaters may be recommended may dictate the cost feasibility of these structures. A
broad shallow nearshore tends to attenuate waves relative to an area with the same fetch but with
deeper water offshore. This parameter is measured on a chart from the middle of the subject shore and
normal to the shore in the offshore direction. Some maps may have the bathymetry in meters, in which
case the measurement is to the 2 meter contour. The very nearshore depth where possible sills or
breakwaters may be recommended may dictate the cost feasibility of these structures.If a site has a
deep nearshore (greater than about 3 ft deep, 30 ft seaward of MLW), a revetment might be the
preferred alternative (Hardaway, et. al. 2010).
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Substrate Stability
It is important to assess nearshore bottom stability, whether firm or soft. The substrate must support
the rock and sand of any proposed structure. Geotechnical subsurface exploration should be done at
medium or high energy sites where sills or breakwaters will be used.
Tide Range
The local tide range can be found at NOAA Tides and Currents website. This parameter is important to
determining the size of the structure and the width of created marsh fringe.
Other physical considerations:
• Landscape setting: salinity range and freshwater influence, shoreline orientation – lots of sunlight
and infrequent storm exposure, surrounding land and water uses are compatible.
• Erosion condition: gradual landward

retreat, minor bank erosion, only minor groundwater flow,
easier when erosion is caused by upland runoff, rather than tide and waves.

• Wave Climate:

low to moderate wave energy, regular high times not reaching upland bank, few

boat wakes.
• Gradual

Slope: bank heights less than 30 feet, bank slope not vertical, wide and flat intertidal areas,
wide and shallow subaqueous areas.

• Existing

Buffers: riparian buffers, tidal marsh, sand beach, sand dunes.

Biological Considerations

Plants and animals require various conditions and the types of target communities for a particular site
and project will need to be chosen based on sustainable conditions for the target assemblage. The
Delaware Estuary Natural Vegetation Classification System (NVCS) could be one tool to find the native
plant communities at a particular site.
Elevation
The critical elevations for tidal wetlands establishment are mean low water (MLW), the average low
water at the site, mean high water (MHW), the average high water level at the site, mean tide level
(MTL), roughly halfway between MLW and MHW, and the upper limit of wetlands (ULW), approximately
1.5 times the mean tide range at the site. These are the important elevations that will dictate the
various planting zones within the new marsh.
Elevations should be based on a tidal datum such as the National Ocean Service (NOS) MLW and not
strictly on a geodetic datum like the North American Vertical Datum of 1988 (NAVD 88). Tidal
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datums are based on water level observations over a 19 year period (a tidal epoch) where all of the high
tides and low tides are averaged to determine MHW and MLW. NAVD 88 is based on the elevation of a
fixed point in Canada and is not directly related to tidal elevations. Relationships between tidal and
geodetic datums have been established for many locations but can vary widely. The NOS MLW datum
used should also be based on the 1983-2001 tidal epoch to help ensure recent sea level rise has been
taken into account. More information on tidal elevations and datums can be found at
http://tidesandcurrents.noaa.gov/ .
Biological benchmarks (BBM) are elevations established by surveying the elevations of representative
plant communities in an adjacent reference marsh. These elevations can then be corroborated with the
tidal datum to cross reference the elevations for the wetland. The advantage of incorporating biological
benchmarks into the project design is that these elevations integrate any vagaries in the local hydrology
that might influence the distribution of plant zonation. For example, if there is a hydrologic constriction
that prevents the area from draining completely, it can result in a perched mean low water and a
concomitant compression of the tide range that will affect the success of the plantings.
Slope
Flat slopes in the new marsh are important because they help maximize the plantable area within the
intertidal zone and, where applicable, help dissipate wave energy and reduce erosion potential. Very
often the slopes will be dictated by the size of the site, but, where possible they should at least 10:1
(H:V), preferably flatter if possible. In some situations, the intertidal area can be maximized by creating a
bench between the creek and the upland that is very flat from MTL to MHW followed by a steeper slope
from MHW to the adjacent upland. The slope of this transition zone should also be kept as flat as site
conditions will allow. In higher wave energy sites where there is steep upland transition, some type of
structure may be necessary to stabilize this slope. It is also important for the slopes to provide positive
drainage for the site at low tide. If the site does not drain completely and there are large areas of
standing water within the area to be planted, plant survival can be compromised. Hardaway et. al.
(2010) recommends that areas of standing water greater than 100 square feet be avoided unless they
are an intentional feature of the design to increase habitat diversity.
Hydrology
Hydrology is the most important factor in successfully establishing a wetland. Several of the other
important factors, e.g., elevation and slope, can have a direct influence on hydrology as well. To put it
simply, to effect wetland hydrology in a tidal wetland, the area must be under water at high tide and dry
at low tide. This may sound overly simplistic but it is the essence of tidal wetland hydrology. It is also the
easiest way to explain the grading plan to an equipment operator.
Being dry at low tide is just as important as being wet at high tide. The reason that vegetation only
grows down to MTL instead of MLW is that the roots need to breathe at low tide in order to survive. The
dominant salt marsh plants do not grow well in permanently standing water. If the elevations and
drainage, i.e. hydrology, in a planted marsh mimic the hydrology in the connecting waterway, the plants
will adjust accordingly.
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If the tidal connection to your site is highly convoluted or culverted, it can produce a phase lag in the
hydrology. A phase lag usually results from having too much friction in the discharge channel which does
not allow the site to drain effectively. Imagine a typical tidal cycle. At high tide because of the force of
the incoming tide, the water levels within the site and those of the connecting waterway are equal. As
the tide ebbs, it ebbs more slowly within the site because friction slows down the flow of water to the
creek. Consequently, when it is low tide in the creek, there might still be a considerable amount of
water waiting to drain from the site. As the tide begins to flood in the creek, it will rise to the level of the
still ebbing water from the marsh. This level effectively determines the low water elevation because,
from this point, the water begins to rise again within the marsh. The ultimate result of this situation is a
higher MLW and a compressed tide range in the new marsh. This can have a dramatic impact on the
survivability of the plants if the tidal levels from the adjacent creek, and not the site itself, are the main
determinants for the planting elevations.
Substrate
When constructing a new marsh one needs to think of the substrate, first and foremost, as the medium
for growing plants. There are other factors such as the amount of organic carbon in the soil that govern
functions, like denitrification. However, in the beginning, it is more important to establish the vegetation
as rapidly as possible. To do this, the best medium is sand. It provides a good anchor for the plants,
allows for rapid root growth and effective drainage. In exposed conditions, coarser sand should be used
to minimize transport by wave action. Silt-clay and peat can work but they make planting more difficult
and are not as effective at anchoring the plants. Heavy plastic clays should be avoided because of
planting difficulties and the impediments to root growth. Likewise, organic amendments, topsoil, and
mulch should be avoided in brackish tidal marshes. Once they become wet, they are difficult to plant
because they often do not effectively anchor the plants which naturally float and tend to be dislodged
by tidal and wave action.
Shade
Most wetland plants require a minimum of six hours of direct sun during the growing season. They
require large amounts of energy to cope with the stress of salinity and inundation twice a day. When
planting fringing areas, this may require the judicious pruning of the lower branches of adjacent trees to
allow for additional sunlight. Trees should only be removed when absolutely necessary. The project
design should also take into consideration shading from nearby structures and north facing shorelines
which can induce unwanted shade. North facing shorelines, particularly forested, tend to receive less
sunlight because of the low angle of the sun during the winter, spring, and fall.
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Zonation and Salinity Regimes
A general overview of planting zones and salinity tolerances for some of the more commonly planted
species is provided in Table 2. This is neither exhaustive nor definitive and should be only used as a
guide to be tempered by local conditions. Almost anyone will be able to find exceptions to these
recommendations, but they will work in a vast majority of situations. It is critical to the success of
a project to effectively match plant material,
planting zones, and salinity regimes.
Table 2. Example of Species Inundation
Zone Salinity Range
Maintenance
Many maintenance issues and problems can be
very complex and require the services of wetland
professionals. It is very important to maintain
effective erosion control in newly established
wetlands due to wave action or upland erosion.
The effects of a storm event on a newly planted
marsh can easily be mitigated with additional
plantings. Significant upland erosion that deposits
large amount of sediments into a new established
wetland can smother plantings. It can also cause
hydrological modifications and alter elevations
within the wetland that would alter vegetative
communities and, perhaps facilitate the invasion
of Phragmites.

Species
Spartina alterniflora

Planting Range Salinity
MTL – MHW
5 – 30 ppt

Spartina patens

MHW – ULW

5 – 30 ppt

Spartina cynosuroides MHW – ULW

0 – 5 ppt

Distichlis spicata

MHW – ULW

10 – 30 ppt

Scirpus americanus

MHW – ULW

0 – 15 ppt

Juncus roemarianus

above MHW

10 – 25 ppt

Iva frutescens near

ULW

5 – 30 ppt

Baccharis halimifolia

near ULW

0 – 30 ppt

Panicum virgatum

above ULW

0 – 25 ppt

Myrica cerifera above ULW

0 – 30 ppt

In areas with populations of the common reed Phragmites australis, extraordinary measures are often
necessary to eliminate existing stands and prevent recolonization. While there are no guarantees, there
are a number of techniques which can help limit the risk. Whenever possible, existing stands should be
sprayed with an appropriate herbicide prior to construction. During construction, every effort should be
made to excavate and remove from the site as much of the Phragmites as possible. This should include
over-excavation of at least a foot of material and backfill with clean sand. It is also important to design
the majority of the site below MHW. In areas of moderate to high salinity, this can be a very effective
deterrent. The creation of a subtidal ditch around the perimeter of the site can also help deter
recolonization by rhizomes from adjacent stands. Phragmites control is an issue that requires continuing
vigilance including at least semi-annual inspections and a comprehensive plan to treat future
infestations. This is a very complex issue and consultation with a wetland professional is highly
recommended.
Herbivory or the unwanted consumption of newly planted marshes is an emerging problem due to the
burgeoning populations of resident Canada geese. They can, however, be effectively excluded by
intensive fencing practices.
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The accumulation of debris, flotsam and jetsam, as well as wrack material, Spartina stems, and eelgrass
leaves, can smother and devastate newly planted marshes. Care needs to be taken on any windward
shore, particularly in coves facing the dominant wind direction. The only remedy is constant surveillance
and removal.

Project Implementation Considerations

Additional considerations for having a successful living shorelines project that might affect the choice of
tactic include:
Permitting
Permits typically are required from the Army Corps of Engineers (unless they are a partner) and the
state, and these can include fees. Letters of approval will also be needed from private landowners and
public land managers. Sufficient staff resources and time needs to be budgeted to navigate the permit
process.
Changing the current practice of armoring sheltered coasts will require a change in the shoreline
management framework. Decision makers should appreciate the costs and benefits of the spectrum of
potential solutions to shoreline erosion problems, including potential cumulative impacts on shoreline
features, habitats, and other amenities. The management framework should encourage approaches that
minimize habitat loss and enhance natural habitats in environments where such methods offer effective
stabilization.
Overcoming the obstacles associated with the current regulatory environment will require a number of
societal and institutional changes in the following areas:
• Improving knowledge of sheltered shoreline processes and ecological services;
• Improving awareness of the choices available for erosion mitigation;
• Considering cumulative consequences of erosion mitigation approaches;
• Revising the permitting system; and
• Improving shoreline management planning.

Permitting steps New Jersey:
 The applicant needs to obtain permits from the U.S. Army Corps of Engineers and New
Jersey Department of Environmental Protection (DEP) prior to initiation of work for stateowned land.
 The State of New Jersey DEP permit is the Coastal General Permit from the Division of
Land Use Regulation- www.state.nj.us/landuse
 The Army Corp Permit is a Nationwide Permit 27: Stream and Wetland Restoration
Activities
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The State of New Jersey is currently working on revising the permit process for living
shoreline projects. Check with NJ Coastal Zone Management or American Littoral Society
for updates.


Habitat tradeoffs
The National Marine Fisheries Services (NMFS) reviews some permit applications for living
shorelines to make sure the project will not affect habitat for species currently inhabiting the
site. If there is critical habitat for a particular species at the proposed project site, NMFS will
send recommended actions to the permitting agency. For example, the lower Delaware
Bay is Essential Fish Habitat (EFH) for white flounder but isn’t necessarily critical habitat, so the
NMFS would decide what recommendations to send to the regulatory agency for a specific
project in that area. Habitat tradeoffs are always important to consider with living shorelines
projects.



Education/outreach goals
Some living shorelines projects provide a good opportunity for public education and
demonstration. Also, recreation opportunities like fishing and other public access needs should
be considered when designing living shorelines projects.



Budget and costs
See Table 3 as well as Chapter 4 for estimates of various living shoreline costs.
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Table 3. Comparison of Living Shoreline Benefits, Constraints, and Costs.
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Chapter 2. GIS Analysis summary and maps
Introduction
We completed a preliminary GIS analysis across the Delaware Estuary coast to identify Areas of Interest
(AOIs) for potential future installation of living shorelines. These included AOIs described in the
statement of work as potentially suitable for pilot projects. In our June 2011 Interim Report #1, an
inventory of types of living shoreline projects was completed and basic criteria for determining suitable
sites were listed. For the preliminary GIS analysis, we combined GIS layers that contain information
matching first order criteria for determining living shoreline sites. Physical and chemical metrics that
were mapped within AOI’s included fetch and potential boat traffic as proxies for wave energy. In
addition, shore morphology, substrate type and salinity regimes were mapped where possible to guide
selection of appropriate living shoreline types and biological communities.
This preliminary GIS model classifies the shoreline into three major categories: potentially suitable for
bio- based stabilization (low energy), potentially suitable for hybrid options (medium/high energy), and
potentially unsuitable for living shorelines (e.g., high energy or developed). Final characterization and
selection of candidate pilot sites within AOIs will be based on field reconnaissance during summer/fall
2011. Results from field reconnaissance will be used to update and quantify thresholds used in the
models to refine this method of preliminary analysis.
NOTE: validation of this preliminary analysis is critically dependent upon site reconnaissance. Results
are intended to provide guidance for starting points only, not recommendations for use of specific
strategies.

Methods
A shapefile of Delaware’s tidal tributary rivers was given a 3m buffer and called “riverbuffer”. An
attribute called “Energy” was added to the attribute table and scaled as 1 = high, 2 = moderate and 3 =
low. Each area of open water was then given an energy classification. “Waterway/stream/canals”,
“lakes/ponds” and “non-tidal open water” were given a classification of low energy (3) based on their
locations inland, far from the Bay. “Tidal open water” was given a classification of moderate energy (2)
based on their locations up river from the mouths. Each entry in “bays/coves” had to be categorized
individually due to differences in location. Entries located on the open shoreline exposed directly to
Delaware Bay and entries located in the mouths of rivers were given a classification of high energy (1).
Areas located slightly inland from the mouths or areas upriver from bay beginning just past the first
meander where no bay fetch hits were given an energy classification of moderate (2). Areas located
inland or classified as non-tidal were given an energy classification of low (3).
Additional steps:
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1). A shape file of land use land cover (LULC) was then clipped by the “riverbuffer” shapefile. An
attribute called “type” was then added. Each entry was then given a “type” attribute of either
“1” for areas that had been built on or developed or “2” for undeveloped land. Agriculture was
considered undeveloped for this study.
2.) A shapefile of Delaware ribbed mussel locations was given a buffer of 100m and then clipped
using the “riverbuffer” shapefile. This shapefile was then given an attribute of ID and all entries
having mussels were given an attribute value of “2”.
3.) A shapefile of wetlands was then clipped using the “riverbuffer” shapefile. It was given an
attribute called ID_1 and each entry was given a value of “3”.
4.) A shapefile of marinas was given an attribute called “Type_12” and all entries were given a
value of “4”.
5.) All of these shapefiles were then overlayed using the “Union” tools so that each polygon now
had an energy score, a development score, and attributes concerning whether mussels,
wetlands, or marinas were present.
6.) This new shapefile, River_LULC_Mus_Wet_Mar was then given 6 new attributes so that each
could be weighted and combined using map algebra for a final score for each polygon. The new
attributes were: Score for mussels present (Muss_Score), score for presence of wetlands
(Wet_Score), score for presence of development vs. undevelopment (Dev_Score), score for level
of energy (NRG_Score), score for presence of a marina (Mar_Score), and End_Score; and are
defined as follows.
7.) Muss_Score: all entries where Id=2 (= ribbed mussels present) were given a score of 5, all
others were given a score of 0.
8.) Wet_Score: all entries where Id_1=3 (= wetlands present) were given a score of 5, all others
were given a score of 0.
9.) Dev_Score: all entries when type=1 (= developed) were given a score of 0.5, all entries where
type=2 (undeveloped) were given a score of 1. All entries had a type= 1 or 2.
10.) NRG_Score: all entries where energy=1 (high) were given a score of 1; all entries where
energy=2 (moderate) were given a score of 5; all entries where energy=3 (low) were given a
score of 20. All entries had either energy of 1, 2, or 3.
11.) Mar_Score: all entries that had type_12=4 (marinas present) were given a score of 1, all
other entries were given a score of 0.
12.) End_Score: all entries were given a summary score based on the equation:
13.) Muss_Score+Wet_Score+NRG_Score+Mar_Score*Dev_Score
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14.) Final Scores of 1 were categorized as “Site Potential Undetermined”
15.) Final Scores between 2 and 10 were categorized as “Site Potential for Hybrid Design”
16.) Final Scores above 10 were categorized as “Site Potential for Bio-Based” Design
The result of this equation is to initially separate areas based on energy regime, giving areas of low
energy immediate entry into the “Site Potential for Bio-Based Design” category. The only potential to be
removed from this category is if the is also developed and does not have wetlands or mussels present.
This scenario results in the location being moved into the “Site Potential for Hybrid Design” category. If
an area has high energy and no mussels or wetlands present, it will be placed in the “Site Potential
Undetermined” category. All other combinations of factors are placed in the “Site Potential for Hybrid
Design” category.
Candidate Areas of Interest
(AOIs) on the map with 5 mile
diameter circles. The red
circles represent areas of
interest that are high priority
to Delaware Coastal
Programs and the black
circles represent areas of
interest that are secondary if
time permits to do field
reconnaissance during 2011.
As noted above, these scores
provide initial guidance only.
Site visits and detailed
investigations are needed at
all sites to validate the
potential or lack thereof for
various living shoreline
strategies.
Each area of interest has a
map showing site potential
for living shorelines and a
second map showing the
public lands and access to the
potential sites. Figure 1
Figure 1. Areas of interest chosen for GIS mapping exercise.
shows the four areas of
interest that were initially targeted for the GIS mapping study. The Fortescue area of interest in Figure 2
had potential for mainly hybrid living shorelines because of the higher energy until the streams are
farther inland. Cohansey River in Figure 3 also has medium energy throughout most the area of interest
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because of boat wake and size of the river so is more suitable for hybrid living shorelines. Both Maurice
and Seabreeze in Figures 4 and 5 had more potential for hybrid living shorelines than bio-based because
of the higher energy and increased boat wake but also had some areas suitable for bio-based living
shorelines. The areas of interest were updated after meetings with partners and field studies, and the
final areas of interest are shown in Chapter 3.

Suitability

Figure 2. Living shoreline potential suitability for Fortescue, NJ.
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Figure 3. Living shoreline potential suitability for the Cohansey area of interest.
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Figure 4. Living shoreline potential suitability for the Maurice area of interest.
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Figure 5. Living shoreline potential suitability for the Maurice area of interest.
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Chapter 3. Site Assessment and Conceptual Plans
Introduction
Conceptual plans and site data are described for four areas of interest (AOI) in New Jersey that have
been targeted as possibilities for living shoreline demonstration projects. These AOIs were initially
determined through GIS analysis to pinpoint sites on public lands where living shorelines were feasible
based on energy and existing erosion as shown in the Interim Report. The initial AOIs were narrowed
down through field reconnaissance and a workshop to four top areas of interest that would be suitable

Figure 6. Location of four possible living shoreline demonstration projects.
for a living shoreline, benefit from increased ecosystem services provided by the living shoreline, and
demonstrate the importance of protecting and enhancing our shorelines to the public that visits those
sites. The four sites (shown in Figure 1) that were chosen include a site in Greenwich near Ragged Island
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St. on the Cohansey River; two tidal creeks on Money Island near Newport, NJ; an eroding slope in
Fortescue on the creek; and a large eroding marsh near the mouth of the Maurice River, NJ. For each
site, this report includes an aerial view of the site, contour maps showing vegetation and substrate, a
summary of the data obtained during field reconnaissance, and a conceptual plan for the living shoreline
installation that can be used for discussion and planning purposes when seeking funds for these
demonstration projects.
Method for Conceptual Plan Development
The conceptual plans were developed based on energy at the site, salinity for mussels and oysters, local
tidal datum, and elevation of the site from the RTK GPS used in the field. If the site is low energy, a biobased living shoreline is recommended with marsh creation and coir fiber logs for trapping sediments. If
the site has medium-high energy, an appropriate hard structure that still creates habitat is
recommended as a breakwater in front of a bio-based living shoreline.
The critical elevations for tidal wetlands
establishment are mean low water (MLW),
which is the average low water at the site,
mean high water (MHW), which is the
Species
Planting
Salinity
average high water level at the site, mean
Range
tide level (MTL), which is roughly halfway
Spartina
MTL-MHW
5-30 ppt
alterniflora
between MLW and MHW, and mean higher
Spartina patens MHW-MHHW
5-30 ppt
high water (MHHW), which the average of
the higher high water or upper limits of the
Spartina
MHW-MHHW
0-5 ppt
wetlands. MTL is used instead of MLW to
cynosuroides
determine optimum plant growth because
Distichlis spicata MHW-MHHW
10-30 ppt
the roots of intertidal plants generally need
Scirpus
MHW-MHHW
0-15 ppt
to breathe as well during the tide cycle. It is
americanus
critical to the success of a project to
Juncus
Above MHW
10-25 ppt
effectively match plant material, planting
roemarianus
zones, and salinity regimes. A general
Iva frutescens
MHHW
5-30 ppt
overview of planting zones and salinity
near
tolerances for some of the more commonly
Baccharis
Near MHW
0-30 ppt
planted species is provided in Table 4 (Priest
halimifolia
2006). This should be used only as a guide to
Panicum
Above ULW
0-25 ppt
be evaluated with local conditions. While,
exceptions will certainly exist, these recommendations are applicable to the vast majority of situations.
These planting zones and salinity tolerances were used in conjunction with the survey data at each AOI
to determine the appropriate area of installation for a living shoreline. Elevation data collected with the
RTK GPS was imported into ArcGIS to create elevation contours for each AOI.
Table 4. Example of species inundation zone and
salinity range (Priest 2006).

Design elevations must be based on a tidal datum such as the National Ocean Service (NOS) MLW and
not strictly on a geodetic datum like the North American Vertical Datum of 1988 (NAVD 88). Tidal
datums are based on water level observations over a 19 year period (a tidal epoch) where all of the high
tides and low tides are averaged to determine MHW and MLW. NAVD 88 is based on the elevation of a
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fixed point in Canada and is not directly related to tidal elevations. Relationships between tidal and
geodetic datums have been established for many locations but can vary widely. The NOS MLW datum
used should also be based on the 1983-2001 tidal epoch to help ensure recent sea level rise has been
taken into account. More information on tidal elevations and datums can be found at
http://tidesandcurrents.noaa.gov/ .
Biological benchmarks (BBM) are elevations established by surveying the elevations of representative
plant communities in an adjacent reference marsh. These elevations can be compared with tidal
datums for referencing elevations while designing a living shoreline. The advantage of incorporating
biological benchmarks into the design is that these elevations integrate any unique conditions of the
local hydrology that might influence the plant zonation. For example, if there is a hydrologic
constriction that prevents the area from draining completely, it can result in a perched mean low water
and a reduced tide range that will affect the success of the plantings.
Greenwich Living Shoreline
Greenwich Conceptual Plan Narrative
This site is located on the Ragged Island St. near a boat ramp on the Cohansey River (Figure 7). The site
is frequently used
for both fishing
and crabbing.
There is a small
boat ramp, which
provides the
public with easy
access to the
Cohansey River.
Tables 5 and 6
describe the site
characteristics,
and Figures 8 and
9 show the
contour maps
developed from
RTK data
including
vegetation and
substrate types.
This is a highly
Figure 7. Aerial view of Greenwich, NJ with living shoreline site possibilities marked in
ranked site for a
red.
living shoreline
demo project because it is a low-medium energy shoreline with great public access. The salinity at this
site allows the use of marine bivalve shellfish (i.e. ribbed mussels) as a structural component of a living
shoreline.
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The conceptual plan is shown in Figure 10. The plan for this site is to use a bio-based living shoreline
consisting of coconut fiber logs with native marsh vegetation planted behind the logs. This living
shoreline should reduce erosion and allow for the expansion of vegetated marsh. The conceptual plan
shows a double row of coir fiber logs sitting on top of a fiber mat, which is necessary to stabilize the logs
and prevent them from sinking into the sediment. This arrangement is designed to trap sediments and
increase elevation to a level that will support marsh plant growth and survival. Spartina alterniflora has
an optimum growth range of about -0.4m to 0.9m, so the logs are placed at MSL to support plant
growth.
Table 5. Prevailing physical conditions and salinity at Greenwich site.
Greenwich
Living
Shoreline

Site 1

Energy and Erosion Characteristics

Boat Wake

Average Fetch
(miles)

Average Shoreline
Erosion Score
(-1, 0,+1)

Some boat wake/ small
boat ramp

0.2

-1

Table 6. Shoreline habitat and biological conditions at the Greenwich site.
Greenwic
h Living
Shoreline

Site 1

Landscape Condition and Biota Characteristics
Vegetation

Substrates

Surrounding
Development

Slope

Mainly
Spartina
alterniflora

Soft Mud

Parking lot
behind site

12%

Shoreline
Features/
Alterations
old pier
ruins, boat
ramp

Mussels/
Oysters
Present
Ribbed
mussels

Greenwich Site Maps and Plans
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Figure 8: Greenwich Vegetation and Contour Map.

Figure 9: Greenwich Substrate and Contour Map.
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Figure 10. Overview Conceptual drawing of Greenwich site.
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Money Island Living Shoreline
Money Island Conceptual Plan Narrative
This site is located on Money Island
near the Nantuxent River close to
Newport, NJ. The site is very close to
the mouth leading into the Delaware
Bay. The site (shown in Figure 11) is a
high ranked site for a living shoreline
demo project because there are
flooding issues along the road (the
main access to several homes and
businesses), ribbed mussels are very
abundant, and it would be easily
seen by the public from the road.
Tables 7 and 8 describe the site
characteristics. Figures 12 and 13
show the contour maps developed
from the RTK data as well as the
vegetation and substrate at each site.
The conceptual plan in Figure 14
shows bio-based living shorelines
consisting of coir fiber logs and
mussel/plant augmentation
(intertidal). At this site, the
mussel/plant tactic developed by
Rutgers and the Partnership on the
Maurice River, NJ could be used to
increase and protect the abundant
ribbed mussel population in this
area.

Figure 11. Aerial view of Money Island with 2 living shoreline site
possibilities marked in red.
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Table 7. Prevailing physical conditions and salinity at the Money Island sites near Newport, NJ.
Money Island
Sites

Energy and Erosion Characteristics

Boat Wake

Average Fetch
(miles)

Site 1

No boat wake

0.02

Water Depth
(channel) –
USGS gauge
(feet)
0-5

Site 2

No boat wake

0.02

0-5

Salinity
(ppt)- USGS
gauge (4 yr
min & max)
16 - 23.3

Average
Shoreline
Erosion Score
(-1, 0,+1)
-1

16.23.3

-1

Table 8. Shoreline habitat and biological conditions at the Money Island sites near Newport, NJ.
Money Island
Sites

Site 1
Site 2

Landscape Condition and Biota Characteristics
Vegetation

Substrate

Surrounding
Development

Slope

Spartina
alterniflora
Spartina
alterniflora

Soft Mudwalk able
Soft Mudwalk able

None

15%

Shoreline
Features/
Alterations
None

None

20%

Rip rap

Mussels/
Oysters
Present
Ribbed
Mussels
Ribbed
Mussels

Money Island Site Maps and Plans

Figure 12. Money Island substrate contour maps.
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Figure 13: Money Island Vegetation and Contour Maps.
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Figure 14. Overview Conceptual drawing of Murderkill Oyster Reef Living Shoreline.
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Fortescue Living Shoreline
Fortescue Conceptual Plan Narrative
This site is on the creek running through Fortescue, NJ located within a Natural Lands Trust preserved
area (Figure 15). The Trust is responsible for over 26,000 acres of land throughout the state and
manages its properties to conserve elements of natural diversity such as habitat for rare ecological
communities. Tables 9 and 10 show the site characteristics of the Fortescue site. This site would also be
good for a living shoreline demo project because of the public access, but the energy is higher than the
previous two sites.
Figures 16 and 17 show the contour maps developed from the RTK data as well as the vegetation and
substrate at each site. The conceptual plan in Figure 18 shows a hybrid living shoreline with coir fiber
logs trapping sediment with a wave attenuation slowing the energy in front of the logs.

Figure 15. Aerial view of Fortescue NJ with living shoreline site possibilities marked with yellow.

Table 9. Prevailing physical conditions and salinity at the Fortescue site.
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Fortescue
Living
Shoreline

Site 1

Energy and Erosion Characteristics

Boat Wake

Average Fetch

Water Depth
(channel) –
USGS gauge

Some boat wake

0.07 miles

10-12 feet

Salinity
(ppt)- USGS
gauge
18-25

Average
Shoreline
Erosion Score
(-1, 0,+1)
-1

Table 10. Shoreline habitat and biological conditions at the Fortescue site.
Fortescue
Living
Shoreline

Site 1

Landscape Condition and Biota Characteristics
Vegetation

Substrate

Surrounding
Development

Slope

Spartina
alterniflora

Soft Mudwalk able

Bridge

41%
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Shoreline
Features/
Alterations
Ruins of old
pier

Mussels/
Oysters
Present
Ribbed
mussels
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Fortescue Site Maps and Plans
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Figure 16: Fortescue Vegetation and Contour Map.
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9

12
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Mud_Substrate

Figure 17: Fortescue Substrate and Contour Map.
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Spartina
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12
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Phragmities

Figure 12: Fortescue Vegetation and Contour Map.

Figure 18. Conceptual drawing of Fortescue Living Shoreline.

PDE Report No. 12-05, July 2012

45

Maurice River Living Shoreline
Maurice River Conceptual Plan Narrative

The Maurice River site is within the Heislerville Wildlife Management near Bivalve, NJ (Figure 19). The
site is close to the mouth of the river and is eroding quickly. This site is a possibility for a living
shorelines demo project because it is an important area to protect before it becomes open water and
affects the nearby towns. However, the Maurice River has high boat wake and energy. Tables 11 and
12 describe the site characteristics, and Figures 20 and 21 show the contour maps developed from RTK
data as well as the vegetation and substrate types. Figure 22 shows the conceptual plan for this site.
The idea for this site is intertidal mussel-plant (DELSI) treatments to stabilize erosion and expand the
marsh edge. An offshore breakwater is suggested to reduce the energy at this site.

Figure 19. Aerial view of Maurice River with living shoreline site possibilities marked with yellow
marker.
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Table 11. Prevailing physical conditions and salinity at Maurice River site.
Maurice River
Living
Shoreline

Site 1

Energy and Erosion Characteristics

Boat Wake

Average Fetch
(miles)

High boat wake

7.21

Water Depth
(channel) –
USGS gauge
(feet)
30

Salinity
range
(ppt)- USGS
gauge
20-30

Average
Shoreline
Erosion Score
(-1, 0,+1)
-1

Table 12. Shoreline habitat and biological conditions at the Maurice River site.
Maurice River
Living
Shoreline

Site 1

Landscape Condition and Biota Characteristics
Vegetation

Substrates

Surrounding
Development

Slope

Spartina
alterniflora

Soft Mud,
Hard Mud

None

9%
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Shoreline
Features/
Alterations
None

Mussels/
Oysters
Present
Ribbed
mussels
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Maurice River Site Maps and Plans
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Figure 20. Maurice River Vegetation and Contour Map.
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Figure 21: Maurice River Substrate and Contour Map.
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Figure 22. Conceptual drawing of Maurice River Living Shoreline.

Chapter 4. Workshop summary
When the Partnership for the Delaware Estuary (PDE) put out a call to south Jersey bayshore
communities to attend a living shorelines workshop, they responded—with vigor. PDE knew it wanted
two things from its New Jersey Community Leader workshop: 1) to find out where communities are
seeing tidal marsh erosion, and 2) to learn whether communities thought a living shorelines approach
would be a feasible way to address the erosion. On May 1st, 2012, the PDE workshop in Vineland, NJ
turned out over forty people from seven communities and eight nonprofits. Participants also came from
the private sector and state and federal agencies.

PDE Report No. 12-05, July 2012

50

After a brief introduction, workshop attendees were asked to
participate in a mapping activity. Attendees were asked to
think about a place where they were seeing erosion, write on
a sticky note why they were interested in the erosion in that
location, and then add it to a large map. The results of the
exercise were visually and emotionally compelling—clumps of
bright sticky notes clustered around problem areas, that read
“We Live There,” “Business There,” or “Roadway.”
Throughout the remainder of the day, speakers from PDE and
Rutgers shared with the audience what living shorelines can
do as well as what they cannot do. Participants were able to
ask questions about places that were important to them.
Perhaps most importantly, workshop attendees learned that
they were not alone in their battle against eroding shorelines.
Throughout the day, we saw mayors from different towns
speak with one another about their shared problems.
Community members were able to approach interested
nonprofit representatives and ask for information or help.

Figure 23. Workshop attendees
labeled a NJ map with possible living
shoreline sites.

PDE was proud to be able to provide an opportunity to foster
important collaborative work and information sharing. PDE was able to pinpoint locations it had not

Figure 24. Close up participants living shoreline ideas.
previously identified for potential future living shorelines. But, just as importantly, PDE was able to link
up communities in need of support, and create an opportunity for their voices to be heard by the
organizations and agencies that can provide information.

PDE Report No. 12-05, July 2012

51

Chapter 5. Cost Comparisons for Final Living Shoreline Sites
As discussed in the living shoreline inventory, costs vary between types of living shorelines based on
size, energy, access, permitting, and substrate. For the four potential pilot projects, we did a first order
estimate for each project to help seek funding. These estimates would need to be adjusted based on
the final linear shoreline of the site and the amount of volunteer or in kind labor and services available.
Each table below estimates the cost based on the design, permitting, materials needed for the size of
the project based on the conceptual plan, construction, salary for PDE, Rutgers, and interns, travel, and
monitoring. The engineering estimates came from an engineering firm at the partner workshop in
December. The sites that PDE would recommend focusing on based on feasibility and cost are Money
Island and Greenwich. The Fortescue and Maurice sites would would need an engineer and construction
contract.
Table 12. Estimate of potential costs for the initial installation and one year of monitoring for:

Greenwich Conceptual Plan Cost Estimate:
Tasks
Purchase needs

Cost Estimate (based on hours
and materials)

Design based on conceptual plan

$5000

Field studies- Geotechnical surveys

$4000

Permitting

$7500

Materials needed for 110 feet of
shoreline:
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18 Premium (16” wide) 12’ coir
fiber logs (Premium are stronger
than standard)- $75 each

$1350

2 coir fiber mat (6.6’ by 164’)$267.50

$535

144 stakes (8 per log)- Pre-drill a
hole for the twine in the top of
the stakes before taking them to
the site.- $1.75 each

$252

52

108 oyster bags or rock bags (12
for each log in front cusp and
extras used around joints)- $5.00
per linear foot *

$550

Coconut Fiber Twine
$150
(approximately 6000’ for this size
treatment)- approx 1 bundle for
3 logs- $25.00 per bundle

Construction

720 Spartina alterniflora plugs
(~40 plugs per log) plus any
salvageable plants and mussels~$4.00 per linear foot

$440

Installation labor hours- $15.00
per hour, 4 days, 8 workers

$4320

PDE and Rutgers
Technical help

$7,500

Travel

$2000

Monitoring (seasonal
elevation contours &
vegetation assessment)
and adjustments for 2
years

$4500

TOTAL COST ESTIMATE

$38,097

Money Island I and II combined Cost Estimate:
Tasks
Purchase needs

Engineered Design based on
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Cost Estimate (based on hours
and materials)
$7,000

53

conceptual plan
Permitting

$7500

Materials needed for 150 feet of
shoreline (Both sites are about 75
feet):

Construction for soft
tactic
PDE and Rutgers
Technical help
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26 Premium 12’ coir fiber logs
(Premium are stronger than
standard)- $75 each

$1950

2 coir fiber mat (6.6’ by 164’)$267.50

$535

208 stakes (8 per log)- Pre-drill a
hole for the twine in the top of
the stakes before taking them to
the site.- $1.75 each

$364

206 oyster bags (12 for each log
in front cusp and extras used
around joints)- $5.00 per linear
foot *

$750

Coconut Fiber Twine -approx 1
bundle for 3 logs- $25.00 per
bundle

$216

1040 Spartina plugs (~40 plugs
per log) plus any salvageable
plants and mussels- ~$4.00 per
linear foot

$600

Installation intern hours- $15.00
per hour, 4 days, 8 interns

$4320

$8,000
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Travel

$2000

Monitoring (seasonal
elevation contours &
vegetation assessment)
and adjustments for 2
years

$4500

TOTAL COST ESTIMATE

$37,735

Fortescue Cost Estimate:
Tasks

Purchase needs

Cost Estimate (based on hours
and materials)

Engineered Design based on
conceptual plan- general estimates
from local firm

$10,000

Field studies- Geotechnical Surveys,
etc.

$4000

Permitting

$7500

Materials needed for 195 feet of
shoreline:
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32 Premium 12’ coir fiber logs
(Premium are stronger than
standard)- $75 each

$2400

3 coir fiber mat (6.6’ by 164’)$267.50

$802.50

256 stakes (8 per log)- Pre-drill a
hole for the twine in the top of
the stakes before taking them to
the site.- $1.75 each

$448

800 oyster bags (12 for each log
in front cusp and extras used
around joints)- $5.00 per linear

$975
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foot *

Coconut Fiber Twine -approx 1
bundle for 3 logs- $25.00 per
bundle

$267

1280 Spartina plugs (~40 plugs
per log) plus any salvageable
plants and mussels- ~$4.00 per
linear foot

$780

Construction for soft
tactic

Installation intern hours- $15.00
per hour, 4 days, 8 interns

$4320

Construction of wave
attenuation device
breakwater for 195
foot breakwater

$300.00 per linear foot **

$58,500

PDE and Rutgers
Technical help

$10,500

Travel

$2000

Monitoring (seasonal
elevation contours &
vegetation assessment)
and adjustments for 2
years

$4500

TOTAL COST ESTIMATE

$106,993

Maurice River Cost Estimate:
Tasks

Engineered Design based on
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Purchase needs

Cost Estimate (based on hours
and materials)
$12,000
56

conceptual plan- general estimates
from local firm
Field studies- Geotechnical surveys,
etc.

$4000

Permitting

$7500

Materials needed for 560 feet of
shoreline:

Construction for soft
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93 Premium 12’ coir fiber logs
(Premium are stronger than
standard)- $75 each

$7000

7 coir fiber mat (6.6’ by 164’)$267.50

$1872

680 stakes (8 per log)- Pre-drill a
hole for the twine in the top of
the stakes before taking them to
the site.- $1.75 each

$1302

930 oyster bags (12 for each log
in front cusp and extras used
around joints)- $5.00 per linear
foot *

$2800

Coconut Fiber Twine -approx 1
bundle for 3 logs- $25.00 per
bundle

$775

3720 Spartina plugs (~40 plugs
per log) plus any salvageable
plants and mussels- ~$4.00 per
linear foot

$2240

Installation intern hours- $15.00

$4320
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tactic

per hour, 4 days, 8 interns

Construction of reef
ball (or other wave
attenuation device)
breakwater for 500
foot breakwater

$300.00 per linear foot **

$150,000

Reef ball material cost

$44 per linear foot

$22,000

PDE and Rutgers
Technical help

$12,500

Travel

$2500

Monitoring (seasonal
elevation contours &
vegetation assessment)
and adjustments for 2
years

$4500

TOTAL COST ESTIMATE

$233,309

*Cost of shell bags varies with shell source, quality, and labor to bag shell and haul shell bags. This
estimate assumes some in kind match is provided locally in shell bag preparation.
** Costs of installation and other project elements might be reduced by in kind contributions of labor
and technical assistance.

Chapter 6. Summary and Recommended Next Steps
Living shorelines represent an important restoration tool for mitigating coastal erosion and helping to
adapt to SLR and climate change in the Delaware Estuary, similar to other parts of the United States.
The approach can help coastal managers and landowners address other needs besides erosion, but for
the purposes of this study we focused on erosion control as a tactic to help adapt to climate change.
There are a variety of living shorelines that vary in effectiveness and ecological value. Some tactics are
suitable only in less-energetic areas, and many soft and hard tactics can be combined in myriad ways as
hybrids. A distinction should be made between an engineered living shoreline and a natural shoreline.
Typically, healthy natural shorelines furnish the greatest ecosystem goods and services, but they are
increasingly vulnerable to forces that they cannot withstand. If designed correctly, living shorelines
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should provide more ecologically beneficial outcomes for controlling erosion than traditional hard
tactics. Because living shorelines are a relatively new and innovative approach, they are not yet as
predictable or standardized as their hard-structure counterparts.
The Partnership for the Delaware Estuary recommends that the next steps should include identifying
and designing at least two new climate change demonstration sites using living shorelines and initiating
an outreach campaign to advance local decisionmakers’ understanding of and capacity for responding to
climate change. Funding to construct living shorelines at the selected demonstration sites, and to
produce the materials and implement programs for the outreach campaign, will be critical. Based on
the conceptual designs and cost estimates, Greenwich, Money Island, and Fortescue sites are the three
most feasible projects to recommend for funding. If the Dodge Foundation is interested, another
recommendation would be to hold targeted workshops in these three areas.
Although funding is precious in the current economy, it is vital that sufficient funding be identified to
construct demonstrations of living shorelines, to produce the materials and implement programs
necessary for outreach, and to support monitoring and possibly augmentation of pilot projects so that
they can be adaptively managed and lessons learned. Since living shoreline approaches are fairly new
and do not yet have a long track record of success, we suggest that sites be chosen that are less risky in
terms of direct human health and welfare, but yet can serve as classrooms for living shoreline tactics.
The Partnership is compiling a list of additional candidate living shoreline pilot locations and tactics
throughout the estuary, including sites in urban waterfront locations and spanning the energy gradient.
For example, in the lower Maurice River of New Jersey’s Cumberland County, the Partnership has
worked to conceptualize and advocate for a multi-million dollar effort to stabilize the river mouth and
stem massive marsh collapse. In the urban corridor (Philadelphia, Camden), we are working with other
groups to identify pilot living shorelines that might help reconnect people to the water, build resilience
for flooding, and while also enhancing fish habitat and trapping sediments. Finally, the Partnership is a
potential collaborator on a new Delaware-led Wetland Program Development Grant from EPA Region 3,
which includes potential pilot living shoreline installations in Sussex County using the tactic we
developed with Rutgers to stem salt marsh edge erosion. If that project proceeds, and if Delaware
Coastal Programs can install pilot living shorelines in Kent and New Castle County as envisioned in this
report, then the State of Delaware would have at least one demonstration project for the public to see
in all counties of the State.

Appendix A. Minutes from workshops
1.) Living Shorelines Workshop, 5/2
Cumberland County College, Vineland, NJ

Welcome and Workshop Context
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Partnership for the Delaware Estuary (PDE) Program Director Lisa Wool provided background on the PDE
and the importance of tidal wetlands. She described how many acres of tidal wetlands have been lost
and showed pictures of coastal erosion.
Group Introductions
Forty-six people attended the workshop. The list is as follows:
First
Last
Organization or Township
Wes

Bickford

NJ Coastal Management Program

Matt

Blake

Americal Littoral Society

Patti

Burns

Wetlands and Environmental Tech

David

Bushek

Rutgers Haskin Shellfish Research Lab

Robert

Campbell

Downe Township

Jody

Carrara

Association of New Jersey Environmental Commissions (ANJEC)

Kurt

Cheng

Partnership for the Delaware Estuary

Douglas

Cook

Downe Township

Karen

Cook

Downe Township

Dennis

Cook

Downe Township

Jessica

Daher

American Littoral Society

Patty

Doerr

The Nature Conservancy

Steve

Eisenhauer

Natural Lands Trust

Jane

Galetto

Citizens United to Protect the Maurice River and its Tributaries

Julie

Gandy

Commercial Township

James

Giles

Downe Township

Carol

Giles

Downe Township

Trudy

Hansen

Greenwich, NJ

Toni

Heater

Clean Water NJ

Ken

Hildreth, III

Fairfield Township, NJ

Moses

Katkowski

The Nature Conservancy
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Danielle

Kreeger

Partnership for the Delaware Estuary

Michael

Leff

Society for Ecological Restoration

Steven

Levick

Stow Creek Township

Mimi

Marlor

Downe Township

Tom

McKee

Environmental Connection, LLC

Chris

Miller

USDA- NRCS

Joshua

Moody

Rutgers Haskin Shellfish Research Lab

John

Nardone

Commercial Township

Dawn

PerryDunnam

NJ DEP

Laurie

Pettigrew

NJ Div. of Fish, Game & Wildlife

David

Raudenbush

Downe Township

Cheryl

Reardon

Association of New Jersey Environmental Commissions (ANJEC)

William

Reinhart

Greenwich, NJ

Diane

Rosencrance

Natural Lands Trust

Sari

Rothrock

Partnership for the Delaware Estuary

Andrew

Sarclette

Maurice River Township, NJ

Bill

Shadel

Americal Littoral Society

Mark

Showers

Greenwich, NJ

Pat

Smith

Commercial Township

Don

Stein

Fortescue, NJ

Laura

Whalen

Partnership for the Delaware Estuary

Lisa

Wool

Partnership for the Delaware Estuary

Cindy

Zirkle

Cohansey Area River Preservation (CARP)

Ernest

Zirkle

Fairfield Township, NJ

Where are you seeing erosion?
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Attendees were invited to write their names on a post-it note to add to our county-scale maps to
indicate where they were seeing erosion. Attendees were also encouraged to write one or two words on
the post-it to indicate why they were concerned about the erosion. After the group added post-its to the
map, they discussed the results.
Township-specific comments
 Downe Township
o Serious concern for homes and communities here
o Fortescue, Money Island, Gandys Beach are facing serious erosion issues
 Fortescue’s northern point has eroded away. This northern point once
protected homes here. Homes now have no protection against the hard NW
winds in the winter. Pylons have been set adrift in the creek.
 Greenwich
o Erosion is taking out the dikes that are protecting the town.
o The town is essentially an island. Serious concern for infrastructure leading into and out
of the area.
o Greenwich is historic and deserves protection.
 Bridgeton
o Salinity is increasing near Bridgeton. Salt water intrusion is jeopardizing people’s wells
as well as agriculture.
 Cape May
o There is a forest near Green Creek that is slowly degrading. This is problematic because
it was protecting Rt. 47, an important evacuation route for Cape May. These issues
were aggravated by culverts created by the mosquito commission, which is increasing
the rate of degradation.
River-specific comments
 Stow Creek is washing out
 Back Creek-- sand is filling into the creek—it is silting in the waterway and shoreline.
 Cohansey River
o The mouth of the Cohansey is 10 ft deep at high tide, but it used to be deeper. This is
problematic for boats.
o The mouth of the Cohansey is expanding and breaking through. This is exacerbating the
tide strength and creating a scouring effect.
 Maurice River
o At the mouth of the Maurice, there is a small railroad bed that’s keeping the river in
check.
Ecological resource-specific
 Horseshoe crabs-- eroding beaches create issues for the horseshoe crab, which needs beaches
to nest
 Forests—wooded areas on the Cape May peninsula are becoming ‘Ghost Forests’ due to
increasing salinity. This seriously impacts biodiversity.
Economic resource-specific
 Navigation-- eroded sand and silt moves into river and streambeds, which creates issues for
boats trying to navigate the waterway.
 Marinas and boatyards—flooded marinas and boatyards create economic loss
 Fishing-- billion dollar fishing industry relies on these coastal towns.
Infrastructure
 Salinity is increasing, creating potential for salinity intrusion into wells.
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Concern about losing resources that protect infrastructure, for example, the forest that is
protecting Rt. 47 (Rutgers is involved with this).

Living Shorelines 101
In this agenda item, Science Director Dr. Danielle Kreeger and Restoration Coordinator Laura Whalen
described how marshes grow, what a living shoreline does, and talked about the different types of living
shorelines. In response to questions from the audience, they also spoke about pricing and installation
concerns.
How do Marshes Grow? Marshes are living things, and they trap sediment in order to grow. Adding
layer after layer of sediment means that, when marshes grow, they grow vertically. Since they naturally
grow taller, marshes can keep pace with a rising ocean. Some marshes can grow faster than others. If a
marsh’s sediment source is blocked, the marsh cannot grow. When confronted with sea level rise, this
sediment-starved marsh will try to migrate inland. If the marsh is blocked from moving inland, it will
drown.
Why isn’t a bulkhead always the best solution? Bulkheads, dikes, impoundments, and levees are
constructed to keep homes and infrastructure on the coast safe from storm surge and flooding.
Bulkheads, dikes, impoundments, and levees are considered ‘hard’ infrastructure, because they are
fixed in place, and do not change or adapt to different conditions. While they protect coastal homes
and infrastructure from storm surge and flooding, they sever the ecological connection between the
coast and the water, and they cannot grow in response to sea level rise.
What does the PDE want? In some places, helping a tidal marsh to survive may protect both people and
the environment better than traditional hard infrastructure. The Partnership for the Delaware Estuary is
looking for these places in order to help marshes by installing a living shoreline.
Living Shoreline Installation Information: Pricing- for a 20 ft coir log, it’s $180. Mats are $220. Plugs are
$400/1000. Alternatively, bulkheads cost $100/ft. As far as a schedule for installation—it take an
afternoon to install a living shoreline. March-June is the best time for installation—you want to catch
the growing season.
There is some concern from attendees about plans becoming obsolete.
The Mussel-Plant Tactic
In this agenda item, Dr. David Bushek described the Rutgers Haskins Shellfish Research Laboratory’s
efforts with PDE to create a living shoreline installation on the Maurice River. The Mussel-Plant tactic,
as it is aptly named, is a ‘soft’ tactic that relies on coir logs, coir mats, oyster shell bags, stakes, live
mussels, and plant plugs. The hope was to induce a natural mussel-plant symbiosis and thereby improve
the integrity of the installation. After a few failed sites (in areas where the energy of the current was too
high), there was a successful site.
Discussion
The post-lunch discussion centered around questions for Dr. Kreeger and Dr. Bushek about their
experiences with permitting living shorelines installations. There was also more talk regarding the
importance of working with the townships to find sites for potential living shoreline installations.
Field Trip
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While optional, the field trip generated much interest and participation. Attendees drove to the living
shoreline site on Matts Landing Road in the Heislerville Wildlife Management Area. At the site, they
watched as Dr. Kreeger donned waders and ventured out onto the living shoreline site, answering
questions and pointing out key elements all the while.
Feedback
The workshop generated significant feedback (26 completed forms), which varied from requests for PDE
and Rutgers to work at specific sites, to request for information regarding the permitting process.

2.) NJ Living Shorelines Partner Meeting
The Cousteau Center at the David Sheppard House, 31 West Commerce Street in Bridgeton, NJ
January 12, 2012, 9:30-12:00

Attendees:
Bill Shadel, American Littoral Society
Matt Blake, American Littoral Society
Lisa Calvo, Jacques Cousteau NERR
Moses Katkowski, The Nature Conservancy
Jody Carrara, South Jersey Bayshore Coalition
Cheryl Reardon, South Jersey Bayshore Coalition
Dorina Frizzera, NJ Coastal Management Office
Wesley Bickford, NJ Coastal Management Office
Jane Galetto, Citizens United to Protect the Maurice
Peter Williamson, Natural Lands Trust
Steve Eisenhauer, Natural Lands Trust
Danielle Kreeger, Partnership for the Delaware Estuary
Laura Whalen, Partnership for the Delaware Estuary
Lisa Wool, Partnership for the Delaware Estuary
Sari Rothrock, Partnership for the Delaware Estuary
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Danielle Kreeger started the meeting by providing background on the Partnership for the Delaware
Estuary’s (PDE) living shorelines program.

Background: The Delaware Estuary, Living Shorelines, and Climate Change
The EPA selected the PDE as one of six programs to pilot its Climate Ready Estuary initiative. The
initiative allowed for the PDE to embark on climate change vulnerability planning. The PDE downscaled
global predictions to local predictions with help from Dr. Ray Najjar of the Pennsylvania State University.
Then PDE analyzed how the local predictions would impact a living resource (bivalve shellfish), a habitat
(tidal wetlands), and a human resource (drinking water). Vulnerabilities were teased out, and the PDE
defined actions to make these resources more resilient. Actions were then prioritized.

The PDE learned that tidal marshes were very vulnerable to the impacts of climate change. The studies
completed for the Climate Ready Estuary (CRE) initiative projected a minimum of 25% tidal wetland
loss—a very conservative estimate. The State of Delaware is preparing for 99% inundation of its tidal
wetlands, which may likely be a much more realistic prediction. Wetlands can keep pace with a certain
amount of sea level rise, but 10-15 mm/year is likely over the threshold. We know this number because
we know the rate of sea level rise when wetlands first appeared as part of the landscape.

To help wetlands keep pace with sea level rise, we need to help them build vertically or move
horizontally. Living Shorelines (LS) is a tactic that facilitates vertical accumulation. LS was identified by
the CRE report as an adaptation tactic to help address wetland loss. At that time, the PDE was already
working with Dave Bushek of the Rutgers University Haskins Shellfish Research Laboratory to develop a
living shoreline tactic that would work well in the Delaware Estuary. The project and ensuing project
installations were called the Delaware Estuary Living Shoreline Initiative (DELSI). A successful project site
is located at Matts Landing in New Jersey. The LS was designed to work only in lower to moderateenergy locations to provide an ecological benefit to the shoreline as well as help to stem the
retreat/erosion. The LS on Matts Landing held up well even after the hurricane this past year.

Living Shorelines can be used for purposes other than stemming wetland retreat/erosion. They can also
be used as a capping technique to lock up contaminants in more urban areas. They can be used for
oyster propagation. Different types of LS for different purposes can be used in tandem to create a
stronger structure. In Alabama, there is funding for miles of LS in order to protect coastal communities.

So why aren’t there more living shorelines in the Delaware Estuary? There’s a LS act in Maryland, and a
program in NC. The PDE is working in DE, NJ, and PA to educate about LS and share information with
state and federal agencies, as well as environmental practitioners. There are obvious permitting
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challenges, which the PDE learned about while installing its pilot projects. There are also challenges
from a science standpoint—what techniques will work best where?

Building support for LS in the Delaware Estuary

In order to begin to introduce LS to the Delaware Estuary region, we need to start by building support.
The plan:
1. Gather data to identify locations that have potential for benefitting from a living shoreline
installation. (This includes GIS mapping, field reconnaissance, and data analysis.)
2. Hold workshops for state and federal agencies and environmental practitioners. Workshops will
have intent of educating people about LS, generating discussion about the approach, and
helping to broach permitting issues.
3. Hold workshops for communities that are candidates for living shorelines tactics. Workshops will
have intent of education people about LS and gathering information about best locations for LS.
Step #1 has been started in both Delaware and New Jersey. Step #2 was initiated in Delaware, where
Delaware Coastal Programs provided us with funding. In New Jersey, this meeting will replace this step,
since NJ already had a workshop last November with a similar scope. We want your input for Step #3. In
Delaware, it will likely take place in early May. In New Jersey, it will likely take place in late April.

Lisa Wool is the Outreach Director at the PDE, and will be taking the lead on coordinating the
workshops. Laura Whalen is the Restoration Coordinator at PDE, and will be doing GIS work to figure out
the best placement of projects. Sari Rothrock is the Science and Policy fellow at the PDE, and is helping
to reach out to partners for workshop planning. We have five funding sources fueling the estuary-wide
effort: EPA, Delaware coastal programs, NJ Dodge Foundation, Sunoco, and NJ coastal programs has
helped to fund this in the past.

Goal of Today’s Meeting

The PDE would like help to plan for Step 3 in NJ, and to get input on more locations for living shorelines.
The process is meant to be participatory. If the process is successful, the PDE may try to continue LS
planning on a larger regional scale (for example, partner with the Barnegat Bay or other National Estuary
Programs to create a more cohesive approach).

PDE Project Areas of Interest (as of 1/12)
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Our initial sites in NJ are
 the Maurice River (where we already have experience)
 the Cohansey River
 Camden
 Gandy’s Beach
GIS analysis was done in July before we went out in the field. We combined GIS layers to match up fetch,
etc. to highlight all rivers that would be low energy and low boat wake vs. places that would need a
hybrid design (like a soft design combined with a sill or an oyster breakwater). We also looked at shore
morphology, substrate type, and salinity regimes. Back at the office, we send data to Josh Moody (with
Rutgers), and he makes contour maps. Then he adds in the vegetation and substrate type at each site.

Group Discussion about Living Shorelines

Question: what do you include in the term ‘living shoreline?’
Answer: We’re using the term ‘Living Shoreline’ (LS) to mean any intervention that provides the
stabilizing benefits of a hard structure along with some type of habitat enhancement. The installation
may be structural in nature, but if it’s stabilizing habitat, we’re lumping it into that broader category of
LS. The PDE will be putting out a practitioner’s guide that provides better criteria.

Question: do you draw a line somewhere? Like a subway car that attracts fish?
Answer: There are habitat trade-off issues associated with living shorelines. If you restore a mud flat
where there was formally a marsh, you’re still giving up the mud flat habitat. Fisheries people have a
problem with this, because it usually takes away some fish habitat. We argue that wetlands are the most
productive habitat type in the world, and that this trade-off is worthwhile.

Question: don’t habitat trade-offs differ depending on what you’re trying to protect?
Answer: Yes. If you’re trying to protect a community, you’re not going to install a research project. A
community would likely install a traditional hard tactic, or maybe a hybrid. Because of this, we find that
we are able to do more innovative projects on state conservation lands. In Delaware, Delaware Coastal
Programs wants us to do projects that have public access. On one of our sites, a public boat ramp, we’re
not going to test something new- we’re going to do something that is absolutely going to work. Don’t
want to show people a failure.
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Question: are you hoping to do some type of multi-tier project?
Answer: in higher-energy areas that require a hybrid approach, yes. You need to cut that energy so you
can create a protected area where marsh can begin accreting. If you enhance the marsh, then it can
expedite the stabilization. Mussels and plants together are natural levy-builders. Left alone, they just
can’t stand up to the wind and energy. If the edge is eroding more than a meter a year, there’s not
enough time for mussels to recruit in and establish themselves. Living Shorelines are meant to slow
erosion so that the marsh can take care of itself.
 Bill Shadel commented that he recently saw a relevant project in November in Tampa. Tampa is
doing a project on an Air Force property to protect a golf course. They are looking at installing a
multi-tier project (an offshore oyster bar, near-shore oyster shell bags, and then adding another
layer behind that).
Group Updates


Bill Shadel and Matt Blake for the American Littoral Society
o

Began work on LS in 2009

o

Starting on a second grant with NOAA


o

o

Identifying sites through recommendations

Has been working with the Stevens Institute Center for Maritime Systems (Stevens is the
state’s contractor for coastal engineering)


First site is in Red Bank (and is a student project)



Second site is in Monmouth County, in Middletown (Bulkhead removal)

Working on feasibility studies for two new sites


Shark river



Sea Breeze (horseshoe crab spawning interest)

o

Held a workshop last March to discuss impediments to LS in NJ.

o

Interested in creating a guide for private property owners/homeowners


o

PDE is producing a guide for property owners/homeowners, based off a model
from North Carolina. (PDE is also producing an inventory of tactics and a
practitioner’s guide to the mussel-plant tactic that also includes other types of
LS projects.)

Working on preserving a large tract of land on the Cohansey
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o







Matt Blake has been working in the Cohansey area for eight years and can help the PDE
with contacts.

Lisa Calvo for Rutgers Haskin Shellfish Research Laboratory
o

Dave Bushek continues to be very engaged in living shorelines work

o

If any groups here get to a point where you need to propagate ribbed mussels or
oysters, we can help (hatchery capacity)

o

We have a group of volunteers (kids) who love to bag oyster shell- let us know when
that would be helpful

Moses Katkowski for The Nature Conservancy
o

TNC has been doing shellfish restoration focused on the southeastern states.

o

Now trying to replicate those methods in subtidal areas


Focusing on trying a pilot installation on a TNC property



Gandy’s Beach seems like the best opportunity for erosion control and
protection/enhancement of oyster habitat



Want to do a breakwater idea



Starting the process now

Jane Galetto for Citizens United for the Maurice River and its Tributaries
o

Points out a place on Google Earth: Peek Preserve (TNC preserve in Millville)


Wild rice decimated by the Canadian geese



Traditionally, areas were diked and farmed, so nutrient loading may be an issue.




Danielle comments that the effect of nutrients on marsh re-vegetation
depend on the elevation capital.

Steve Eisenhauer for Natural Lands Trust

Living Shoreline Wetlands Enhancement: Project Glades Wildlife Refuge
o

US Fish and Wildlife Service was the partner

o

Abandoned sand and gravel mining pit. Was bare swamp before it was mined. Permits
are still being granted to mine Bear Swamp

o

Old growth forest to one side
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o

Created fingers into the shoreline through excavation, made it shallow water habitat, a
fish nursery

o

Project can be replicated

o

Main motivation was to create habitat, to jumpstart the ecological process in the
abandoned pit. Project does not deal with wave action.

o

Gets some tidal influence

Jody Carrara and Cheryl Reardon for South Jersey Bayshore Coalition
o

ANJEC gives grants and works with municipalities to do build-out studies, etc.

o

Started talking about living shorelines to help the meadows to migrate.

o



Matt Blake said that Rick Lathrop with CRSSA thought this area was incredibly
vulnerable. If you look at a map of the Delaware estuary, this jumps out as the
largest freshwater forest.



Locally, you can downzone an area on a land use map and make it a
conservation area.



This would allow marshes to migrate.

ANJEC can help by educating environmental commissions, which will help win municipal
support. Could combine LS with municipal grant applications.

Dorina Frizzera for the Coastal Management Office
o

Looking to work on climate change issues through coastal hazard mapping.

o

Realized that Living Shorelines concepts were not going to be readily adopted by the
state.


CMO did a white paper on existing impediments



Brought together a group of people to look at existing regulations and how to
allow pilot projects to be installed



Not yet at the stage where any property owner can have a LS



Long range vision is that LS will be adopted more readily and existing regulations
for bulkheads should be re-examined (it’s easy to get a bulkhead, but very
difficult to get a permit for a more adaptive project).



Working with NOAA on policy research and long term policy implementation



Hoping to engage Stevens Institute as an engineering contractor to start
developing parameters for LS considerations in order to match issues with
techniques.
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o

Trying to put together a team of people who can help interested parties with LS
permitting.

DEP has a joint permit processing program (JPP). It is an ongoing process. Also another
process where they look at a proposal and give advice. Within DEP a permit for LS might
have to go through waterfront development, SAV, tidelands, marine fisheries, wetlands.
It can take a long time for a project to go through all of these departments.

Action Item: Will consider creating a living shorelines workgroup that can share information in a more
formal manner. This dialogue should be continued on a more regular basis.

Group discussion on Community Workshop

Goal of workshop: to get projects on the ground as soon as possible. There has already been a lot of
discussion about LS in New Jersey. We want to start connecting with locals.

Places to Meet (ideas)
 Cumberland County College
o

Likely to get the best attendance


Millville won’t go to Vineland and vice versa



College is on the border of Millville and Vineland



Has AV equipment and easy parking

o

Concern: if we use the college, we couldn’t look at erosion (no field trip)

o

Concern: cost associated with reserving space


Cheryl Reardon suggests that if the county sponsored it, there might not be a
charge

 Have two meetings- one in the west and one in the east?
 One central location on one date, multiple follow-up field trips optional to attend subsequent to
that meeting
o

Concern with budget and time frame

o

Could try to tag along on a pre-existing meeting to do a separate field trip, like an ANJEC
meeting
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o

Caution advised- gauge interest in follow-up field trips at big meeting to ensure that
people are interested, and if so, where these people live.

 Bayshore Discovery Project has something every second Friday. You could show a movie there.
 Suggestion to hold workshop in communities that have already been targeted for living
shorelines.
 Suggestion to do a webinar so that even people farther away can attend.
 Bridgeton as venue?
o

Tri-county building around corner?

o

Italian-American club?

o

Courthouse?

What should be on the agenda?
 Need a lot of time set aside on the agenda for attendees to tell us what they want.
o

Perhaps give a survey so that everyone has a chance to say everything they want to.


CAUTION: Greenwich is riled up over dike issues.

 Make sure the presentations are tailored to the towns so that they care about what we’re
talking about up front.
 Living Shorelines 101 presentation. Give that before talking to towns about where to put these.
People want to know how it will protect infrastructure and towns.
 Funding
Timing?
 During the day, since no one can work overtime?
 Matt Blake concurs- it’s more effective for county participation.
 Late April, early May
Who to invite?
 Jane suggests inviting municipal engineers (who are already aware of the problems), planning
boards, county officials, municipal officials, environmental commissions.
 Dorina suggests inviting everyone we’d like, but if they don’t respond, it means they don’t want
to do it.
 Matt Blake suggests engaging the media
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o

News of Cumberland County

o

Channel 40: Phaedra Laird

 ANJEC can do a short piece in its next report (500 words) to drum up more support/interest
 Large landowners
o

Matt Blake suggests that 2/3rds of the Bayshore in Cumberland County is public land.

o

Jane has a one-year-old KMZ file for property owners of lands on tidal marsh and
tributaries. She will share.

 Municipal officials
 Fishermen
 Parks people
 County planning people
 U.S. FWS
 U.S.D.A.
 NJ FW
 Specific places
o

Downe Township (Gandy’s Beach, Fortescue)

o

Maurice River Township

 Talk to places ahead of time. Reach out to local landowners to find out if there are problems.
 Emergency Management Offices
o

For outreach help

o

For satellite centers for meetings (could give people a sense of urgency)

o

If we tie this to a coastal hazards issue (not just climate change), the NJ CZMO will help.

 Specific people to invite
o

Kim Voigt: Greenwich, in charge of putting out announcements.

o

Kim Wood: works with Emergency management. Also does tourism and history. She’s a
catch-all. (609) 364-8361 kimwo@co.cumberland.nj.us

o

Brian Marsh, US Fish and Wildlife Program

o

Laurie Pettigrew: NRDC (856) 785-0592 email: Laura.Pettigrew@dep.state.nj.us
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o

Beth Ciuzio: FWS (609) 383-3938 Elizabeth_Ciuzio@fws.gov

Next Steps
 Planning together a living shorelines workshop in May, possibly at Cumberland county college.
We’ll look at the venue.
 Connecting not just with local groups but with OEM and county planning boards.
 PDE will need help from partner organizations to identify ways to alert all interested parties,
and to provide names of specific individuals and groups to target for press and outreach.
 Following this first larger community workshop, we’ll look at options for future, place-based LS
workshops.
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