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Blue-Collar Bivalves
By Jennifer Adkins, Executive Director, Partnership for the Delaware Estuary

M

ost people are aware of at least
some of the benefits of oysters. A
signature species of the Delaware
Estuary and many others, oysters
help clean the water,
form reefs that are
habitats for fish, and
are an important part
of our history, culture,
and economy. And
they taste great. Even
today, with oysters at
only a fraction of historic numbers because
of two devastating
diseases, Delaware
Bay oyster harvests
put millions of dollars
Think you work hard? Try
into our economy.
a day in the life of a freshBut did you know there
are bivalve shellfish
throughout the watershed that provide many

of the same benefits that
oysters do? They live in
different places, but do
many of the same jobs.
Freshwater mussels live
in the fresh waters of
the upper part of the
estuary, on the bottom
of the Delaware River
and smaller streams like
Ridley Creek where they
can form beds of millions of
animals. Ribbed mussels live in
salt marshes along both sides of
Delaware Bay, where they form
a dense foundation for marsh
grasses to grow.

water mussel (top), ribbed
mussel (bottom) or oyster
(middle). These shellfish work day and night to filter the Delaware
River and Bay, a job that would otherwise have to be done by
dozens of expensive treatment plants.

These bivalves are all hard
working. They are all filter feeders, constantly drawing water
through their bodies and removing tiny particles of pollution.

continued on page 2
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Blue-collar Bivalves continued from page 1
Some of these particles they use as food.
Others they bind up and release on the
bottom, where other plants and animals
use them, while also helping to stabilize
streams and marshes. Together, these
amazing little creatures do the job of
wastewater treatment plants. Per animal,
oysters filter the most water. But today
there are far more ribbed mussels in the
Delaware Estuary than oysters or freshwater mussels. So as a population, ribbed
mussels filter the most water of the three.
The Delaware Estuary needs all three

types of bivalves, and all three types of
bivalves need our help. Without aggressive shell planting, oysters will struggle
to outgrow the two diseases that nearly
wiped them out. Freshwater mussels, with
their long and complicated lifespans, have
become so imperiled that even “common”
species cannot be found in most streams.
And ribbed mussels, today’s kingpins of
water filtration, are quickly losing habitat
as salt marshes wash into Delaware Bay
with rising seas and storms. These are
daunting challenges, but we are putting
great ideas, people, and partnerships to

work so we can overcome them.
This issue of Estuary News is dedicated
to these blue-collar bivalves, some of
the world’s best indicators of overall
environmental conditions. Our vision for
the Delaware Estuary includes bivalve
shellfish thriving from the headwaters
in Pennsylvania and New Jersey to
the Delaware Bayshore, making water
cleaner, preventing extinction, providing
critical habitat for fish, and sustaining jobs
and communities. ■
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UPDATES
Wilmington Wins Water Award

T

he City of Wilmington has earned a prestigious award
for protecting the source of its drinking water. On June
13 the American Water Works Association presented
Delaware’s largest city with its Exemplary Source Water
Protection Award.

are customers of the WWD. To do this, they created a long-term
plan called a Source Water Protection Plan.
The “City of Wilmington Source Water Protection Plan” consists
of a vision, detailed description, goals, action plan, and implementation plan. It also includes a schedule for evaluation and
revisions, which is crucial. These will ensure the water supply is
protected even when new threats emerge over time.

Wilmington obtains its drinking water from the Brandywine
River, yet over 90% of land draining to this water lies in Chester
County, Pennsylvania. This poses a unique challenge for the
Wilmington Water Department (WWD). These officials have to
reach across county and state lines to protect the water being
consumed by more than 200,000 people, 140,000 of which

Credit: Tiger Productions/Philadelphia Water Department

To read the City of Wilmington’s exemplary plan for public drinking water, please visit www.ci.wilmington.de.us/departments/
pubworks.htm.

Mayor Michael Nutter (center) congratulates the winners of the Philly Water’s Best Friend Competition on May 7 in Manayunk,
Pennsylvania. With him are, from left to right: David Buzzard and Molson, the winning spokesdog from East Falls; Jennifer Adkins of the
Partnership for the Delaware Estuary; Eric Lienhard of Hazen and Sawyer; Howard Neukrug of the Philadelphia Water Department; and
Lindsey McClennen, who, on behalf of her mother, Karen McClennen, brought Teddie, the winning spokesdog from Manyunk.

River Prized for ‘Great Waters’

T

he America’s Great Waters Coalition has named the
Delaware River among nine “Great Waters” across
America. Great Waters are rivers, bays, and estuaries
which add to the health, safety and livelihoods of millions
of Americans.

Local members of the coalition include Friends of the Upper
Delaware River and PennFuture.
In January, the Delaware River was also named River of the
Year by Pennsylvania’s Department of Conservation and Natural
Resources. And in 2010, American Rivers labeled the Upper
Delaware as America’s Most Endangered River.

Throughout the next year, the Delaware River will benefit from
the combined efforts of those belonging to the America’s
Great Waters Coalition — over 60 member-organizations in all.
Together they will advocate for funding, improved laws, and public support while sharing information and resources.

To find out more about the America’s Great Waters Coalition,
log on to NWF.org, keyword “Great Waters.” ■
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UPDATES

So Many Ways to Support a Great Cause
By Karen Johnson Forst, Director
of Development, Partnership for the
Delaware Estuary

T

he Partnership for the Delaware
Estuary (PDE) relies on the support
of people just like you to help fund
the work we do every day. Our
donors range from large corporations to
small, locally owned businesses; from environmental professionals to local residents
with a lifelong love of nature. What unites
these supporters is that they all share with
us the desire to protect the Delaware River
and Bay. We invite you to be a part of
our success by learning how you can help
support our work.

Credit: Terence Roberts Photography

Contact Karen Johnson Forst at
KJohnson@DelawareEstuary.org or (800)
445-4935, extension 101, for more information on ways you can help. Examples
include:

Auctioneer Eric Lienhard, of Hazen and
Sawyer, announces a bid made by Sophia
Lee (on right) of Sunoco during the 2010
Experience the Estuary Celebration.

Donate!

Give Now - Make a tax-deductible

donation to the PDE. Make your check
payable to “Partnership for the Delaware
Estuary” and send it to 110 South Poplar
Street, Suite 202, Wilmington, DE 19801.
Give Online - Visit our website
(DelawareEstuary.org) and click on “Make
a Donation” to make a tax-deductible
donation through PayPal.com. You can
also arrange to make monthly or quarterly
donations to the PDE by credit card.

Volunteers from Sunoco pose for a group photo prior to marking dozens of storm drains
in Philadelphia’s Grays Ferry neighborhood on April 30. Participants included, from left
to right: Clair McGrory, Debbie Carlos, and Arnie Dodderer, all attorneys with Sunoco;
Ruth Clauser, president of The Sunoco Foundation; State Rep. Kenyatta Johnson; and
Jennifer Adkins, executive director of the Partnership for the Delaware Estuary.

Give Through Work

• Workplace Giving - If you work for
a government agency in Delaware
or New Jersey, donate to the PDE
through your annual Charitable Giving
Campaign.
• Matching Gifts - Make your donation
go even further by finding out if your
company offers a matching-gifts program. They may match any donation
you make to the PDE (up to a certain
dollar amount), doubling the impact of
your donation!
• Company Donations - Ask your company to make a donation to the PDE
to help support our work. Or, if your
company has a particular interest, we
can direct larger corporate gifts toward
projects of your choice.
Give Stocks - The PDE now accepts
stock donations through Wells Fargo.
Contact us for instructions about how to
make a charitable stock donation to the
PDE.
Give a Legacy Gift - Talk to us about
ways to include the PDE in your will or
estate planning.

Get Involved!
Be a Corporate Volunteer - The PDE

works with corporations to coordinate

volunteer days for companies to do environmental projects on corporate lands and
in surrounding communities. Our corporate
volunteers plant native trees, clean up trash
in their communities, create rain gardens to
filter polluted runoff, and mark storm drains
to help keep trash and other pollution out
of streams and rivers.
Get to Know Us - Join us at one of our

many fundraising, or “friend-raising,” events
throughout the year. Events include presentations on the PDE’s work, happy hours,
Delaware Bay oyster tastings, and other
fun activities. Contact us to make sure you
receive our fundraising event announcements.
Recommend an Event Location - Do you

know of a restaurant or other location
where we could host an event? We are
always looking for great businesses with
which we can partner for small fundraising
events!
Join Our Experience the Estuary
Celebration on Thursday, October 13.

Sponsor a table or buy tickets for the
event and enjoy a fun night out while supporting a great cause. See page 14 for
additional details.
Can’t attend? Then make a financial contribution toward the event, or donate an
item to be included in our silent auction. ■
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ESTUARY BASICS

Freshwater Mussels:
‘Old-growth’ Survivors for
‘New-age’ Restoration
By Danielle Kreeger, Ph.D., Science Director, Partnership for the
Delaware Estuary, and Angela Padeletti, Science Coordinator,
Partnership for the Delaware Estuary

Life History

by “brooding,” or protecting
them in their gills for two to
eight months. The larvae are
only released when fish swim
near. Looking like little PacMans, the larvae then attach
to the fish and hitch a ride
Staff from the Partnership for the Delaware Estuary
for a few weeks. During their
affix electronic tags to freshwater mussels from the
time attached to fishes, they
Delaware River on June 16 so they can be relocated to
undergo a metamorphosis
Chester and Ridley creeks, where they are rare or no
longer live. Those pictured include, from left to right,
where they turn into small
juvenile mussels that resemble Angela Padeletti, Will Whalon, Kyle Applebaum, and
Elizabeth Horsey.
their parents. This life cycle is
important because the extra
Status and Trends
Another fascinating trait of freshwater
level of parental care helps ensure that
mussels is how they reproduce. Unlike
more offspring survive, and it also explains North America has more native species
of freshwater mussels than anywhere else
marine bivalves such as oysters, freshwahow mussel populations can disperse
in the world, or about 300. Unfortunately,
ter mussels care for their baby “larvae”
upstream when the adults can only crawl
they are also the most imperiled of all
limited distances
plants and animals. About three-quarters
themselves.
of our species are either extinct or in seriMost freshwater
ous decline. Since freshwater mussels are
mussels are picky long-lived and sensitive to water polluabout which spetion and habitat destruction, their largely
cies of fish they
untold decline signals an alarming drop
use as a host for
in environmental conditions over the past
reproduction. If
century or more.
the movements
In the Delaware Estuary Watershed, 11 of
of the desired
our 12 native species are classified by the
species of host
states as reduced, threatened, or locally
fish are blocked
extinct. Even so-called common species
by dams, for
example, then the appear to be dying out across most of
the area according to surveys of over
life cycle of the
freshwater mussel 70 streams completed by staff from the
Partnership for the Delaware Estuary (PDE)
can be short-cirThese eastern floaters may not look like much, but think again. Not
and The Academy of Natural Sciences.
cuited and they
only can they live as long as the average person, but also they
Over the past five to ten years, we have
are hard working. Each one puts in a seven-day workweek filtering
can eventually
found that only four of the streams surgallons of water every day — for up to 80 to 100 years.
die out.

F

reshwater mussels can live to be
up to 100 years old. Like oldgrowth trees, their age can be
determined by counting growth
rings within their shells. These underdogs
of the aquatic world are also similar to
old-growth forests because dense mussel
beds create better habitats for other animals and plants. Many don’t realize that
virtually all of our streams, rivers and lakes
once held large numbers and many species of these curious animals.

continued on page 6
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ESTUARY BASICS
Freshwater Mussels continued from page 5
veyed still contain any mussels at all.
When we did find mussels, they were all
“common” species and most were old animals in very low abundance, poor health,
and having severely eroded shells. Only a
handful of beds have been found, mainly
in heavily wooded areas of streams, such
as Ridley Creek and the Brandywine River.
Fortunately, in the last year we have rediscovered more than half of our native species of freshwater mussels still living in the
tidal, freshwater portion of the Delaware
River between Trenton and Philadelphia.
At least four of the species are listed as
critically imperiled and two were believed
extinct in New Jersey and Pennsylvania.
Another bright spot is that these small beds
of mussels appear to be reasonably healthy.
Shells of Delaware River mussels show
little evidence of the stress seen in smaller
streams. The presence of juvenile mussels
in the Delaware River confirms that natural
reproduction is still occurring there. Care
must now be taken to protect these remnant
populations, especially considering their
unexpected locations in the urban river.

Benefits of Mussels

Like oysters and other marine bivalves,
freshwater mussels are voracious filter
feeders. Each grown mussel functions like
a Brita filter, purifying gallons of water
every day during spring through fall.
Beds of thousands of mussels operate
like natural wastewater treatment plants,
and without any costs to people. The PDE
estimates that more than 15 billion gallons
of water are filtered across the Delaware
watershed every hour by just one of these
species, even at today’s reduced populations.
In addition to removing pollutants and
suspended matter, filter feeding by mussels also increases light for plants on the
bottom. Much of the filtered material transferred to the bottom also benefits small
animals and plants.
Since mussel beds help to sustain clean
water, the striking decline of these “oldgrowth forests of streams” has likely contributed to the overall decline of water
quality across the Delaware Estuary and

nation. In turn, the restoration of these mussel beds could energize efforts to maintain
and restore clean water.

River and Stream
Restoration

Our recent discovery of robust beds of
diverse mussel species in the Delaware
River offers hope that they can eventually
be reintroduced into streams where they
have been lost. In 2007 we launched the
Freshwater Mussel Recovery Program to
do just that. By 2009 we began working
with colleagues at Cheyney University and

of restoration (no mussels) and areas that
can be sources of animals for restoration or the hatchery. We are also putting
mussels inside cages in streams and
monitoring their health as a barometer of
which streams have the best conditions
for sustaining mussels. Streams where they
stay the healthiest get prioritized for mussel
reintroduction first.

In the middle of June, we completed
our first-ever reintroduction. Two hundred
mussels, including 100 eastern floaters
(Pyganodon cataracta) and 100 eastern
elliptios (Elliptio complanata),
were collected from the
Freshwater mussels sit inside a cage resting on the
Delaware River, tagged with
bottom of Chester Creek in May. These and other
electronic tags, and relocated
mussels are being studied to see how they fare in
to various areas of Ridley and
waterways where they once lived but no longer do,
possibly because of dams, past pollution problems,
Chester creeks in Delaware
or other changes to the streams.
County, Pennsylvania. This could
be the first time eastern floaters
have been in these streams in
100 years. The success of these
reintroduced mussels will now
be monitored and compared
between species and streams
to guide future reintroduction
efforts.

The Academy of Natural Sciences to perform research and develop the methods
needed to breed mussels in a hatchery.
Our team is the first in the nation working to produce baby mussels for the
main purpose of clean water and habitat
improvement. Freshwater-mussel breeding
is challenging because we need fish hosts
for their larvae, as well as adult mussels
that are brooding healthy babies. We
have successfully produced baby mussels
of one species, but not yet in sufficient
quantities to use for restocking in rivers.
Eventually, we hope to produce mussels of
many species to restore beds throughout
the region.
In the meantime, we will expand our
surveys of streams throughout Delaware,
New Jersey and Pennsylvania so we
can identify the areas in greatest need

Because of their complicated
biology, need for clean water,
and long lifespans, the restoration of freshwater mussel beds
will take time and be challenging. But we
believe that the effort will be worthwhile
because the benefits to the environment
should “snowball” as the mussels grow
and reproduce, being much cheaper in
the long run than building wastewater
treatment plants to sustain clean water.
Cleaner water in streams and rivers will
also promote cleaner water downstream
in Delaware Bay.
For these reasons, we consider the recovery of “old-growth” freshwater mussels to
be a core part of our “new-age,” watershed-wide strategy to restore the system by
restoring native bivalve shellfish from the
headwaters to the sea.
For more information, please see www.
DelawareEstuary.org/Science_Projects_
Mussel_Restoration.asp. ■
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By David Bushek, Ph.D., Director, Rutgers University’s
Haskin Shellfish Research Laboratory

As shellfish feed and breathe they are
exposed to contaminants that can accumulate in their body tissues. Because some of
these contaminants are harmful to humans,
every state routinely samples water to
ensure that shellfish harvested for human
consumption come only from clean waters.
Accumulation of contaminants by shellfish
provides a way to remove contaminants
from the water. Fresh and brackish-water
mussels, for example, can filter bacteria
from the water so that harmful bacteria
don’t reach harvestable populations
of oysters and clams in saltier waters.
Moreover, the accumulation of contaminants in shellfish makes them excellent for

tracking changes in water quality resulting
from changes in the landscape (conversion
of forest to residential areas or industry) or
changes in regulations, such as changes
in allowable discharges of chemical contaminants.
Since 1986, the National Oceanic and
Atmospheric Administration’s Mussel
Watch has monitored 350 sites around
the country for over 100 organic and
inorganic pollutants in sediments (mud),
oysters, and mussels. “Mussel Watch” is a
bit of a misnomer as oysters are the organism sampled from Delaware Bay south
through the Gulf of Mexico. It is the longest continually operating coastal monitoring program that is national in scope, and
the only one of its kind across all federal
agencies charged with coastal and ocean
conservation and governance.
Mussel Watch has documented decreases
in regulated contaminants, such as DDT,
PCBs, and tributyltin, among others. These
data are instrumental in determining background levels of oil-related chemicals and
have been used to evaluate the impacts
of a number of spills; most recently, the
Deepwater Horizon blowout in the Gulf

It is easy to see where shellfish can and cannot be harvested in
Delaware Bay. To do so, simply visit the following Web pages:
Delaware

http://regulations.delaware.gov/AdminCode/title7/7000/7400/7402.shtml

New Jersey

www.state.nj.us/dep/wms/bmw/waterclass.htm

Credit: Rutgers University

M

any species of shellfish (oysters, mussels, clams, scallops, etc.) are filter feeders.
That is, they filter particles
out of the water, consuming those bits they
can eat and spitting out those they don’t
like. These are tiny particles, some the size
of bacteria that can be smaller than one
one-thousandth of an inch (i.e., about a
micron — human hair is about 100 microns
thick). They also obtain oxygen from water
as it filters past their gills.

An oyster from Delaware Bay is sliced into
five-millimeter strips so it can be analyzed
for the nationwide Mussel Watch program.

of Mexico. In Delaware Bay there are six
Mussel Watch monitoring stations:

Delaware
• Cape Henlopen
• Kelly Island

New Jersey
• Arnold Point Shoal
• Ben Davis Point Shoal
• Cape May
• False Egg Island Point
Long-term monitoring data from these sampling stations, along with data collected
independently, were used to identify
impacts from the Athos I oil spill in 2004.
Fortunately, analysis of oyster and mussel tissues indicated no accumulations of
contaminants, so these resources were not
impacted.
Shellfish, docile and inconspicuous as
they may seem, play important roles in
helping to maintain and assess the health
of Delaware Bay. Their value extends far
beyond the price paid for an appetizer of
oysters on the half shell or a plate of mussels and spaghetti. ■
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SPECIES SPECIFIC

Annual Checkup Key to Oyster Survival

By John Kraeuter, Ph.D., Associate Director, Rutgers University’s Haskin Shellfish Research Laboratory

E

ach fall since the early 1950s, scientists at the Haskin
Shellfish Research Laboratory of Rutgers University have
collected oyster population data from the New Jersey
portion of Delaware Bay. These data form the basis for
management of the resource.

Credit: Rutgers University

The laboratory presents its data to the Delaware Bay Section
of the New Jersey Shell Fisheries Council and the New Jersey
Department of Environmental Protection. These organizations
then set the harvest allocation for the upcoming oyster season.
Since the late 1990s the lab has convened a stock assessment
workshop in which knowledgeable locals and individuals from
outside the state are presented with the data, asked to review it
and to make suggestions for improvement. This three-part, adaptive-management process has maintained the oysters and the
oyster industry through a 10-fold population loss brought about
by disease. Harvests have been at 2-4% of adult animals, so it
is not a significant factor in oyster population dynamics in the
bay.
The response of the oyster population to climate change will
be incorporated into the adaptive-management plan over time.
The major long-term concern is that changes will increase salin-

Credit: Rutgers University

Watermen harvest oysters from the bottom of Delaware Bay so
they can be studied by scientists who will assess their health.

ity (salt water) within the system. This increase will in turn affect
the oyster population through interactions with predators and the
oyster disease dermo, which worsens with high salinity. As long
as this disease, which does not affect humans, continues to be
a dominant factor regulating oyster populations over much of
the most productive portion of the bay, the long-term trend is for
a general decrease in total oyster abundance. This decrease is
driven by the funnel shape of the bay. In general, the farther up
the estuary one progresses, from the high salinity south toward
the freshwater north, the smaller the area of the bay. Thus, as
salinity increases cause greater disease-related deaths and
diminish the down-bay oyster population, the area available
for the oysters to expand up bay into the less-saline region is
reduced. This will cause an inevitable reduction in the overall
population.
The resources of the Delaware Estuary are already intensively
managed. Management of freshwater use within the Delaware
River Basin is of critical importance for the oyster. The potential to
offset increased salinity caused by channel deepening, upstream
freshwater withdrawals, and ground water depletion, all of which

Bushel baskets are filled with oysters and then tagged so researchers know which reefs from which they were taken.

continued on page 15
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Could the Strength of
Marshes Lie in Mussels?

By Joshua Moody, Graduate Assistant, Rutgers University

M

arsh erosion is a major
concern for estuaries as
increasing storm severity,
boat wakes, and sea-level
rise threaten shorelines. High rates of erosion are already well documented in many
marshes along the edges of the Delaware
Bay.
The ribbed mussel Geukensia demissa is
a prominent component of Delaware Bay
marshes and is typically associated with
the lower edge of marshlands in close
association with the marsh cordgrass
Spartina alterniflora. Along the Southeast
and Gulf coasts of the United States, fringing oyster reefs act as protective buffers
to coastal marshes that reduce erosion by
absorbing wave energy and trapping sediments (mud). In the absence of these reefs,
could ribbed mussels play a similar role in
Delaware Bay?

mussels as a “living-shoreline” fortification.
If successful, “soft-armor” barriers constructed with ribbed mussels and Spartina
would provide ecological benefits that
“hard armoring,” like bulkheads and stone
retaining walls, cannot provide by allowing interaction between the salt marsh and
the intertidal zone that harder structures
prevent. For example, the exchange of
nutrients and sediment facilitated by the
mussels would remain intact, benefiting the
overall health of the marshes. In addition,
the complex structure of the marsh edge
would provide access to the valuable
nursery grounds of the flooded marsh and
habitat for a myriad of Delaware Bay
inhabitants, including many species of fish,
shrimp and crabs.

Erosion is the gradual
wearing away of land
by the action of water
and wind. Erosion is
common in Delaware
Bay’s “intertidal
zone,” or the shoreline
between the high-water
mark and the lowwater mark.
Understanding the role that ribbed mussels
play in stabilizing salt marshes is the first
step to implementing them as a component of shoreline protection, as has been
done elsewhere with oysters. But unlike
oysters, ribbed mussels are not a commercially viable species, which virtually
eliminates human health concerns related
continued on page15

To evaluate this relationship, scientists are
analyzing sites in four tributaries of the
Delaware Estuary to determine the relationship between erosion rates, the number
of ribbed mussels along the marsh edges,
and wave energy. Results will help determine the potential role of using ribbed

Credit: Rutgers University

Ribbed mussels attach to the “rhizome
matrices,” or roots of Spartina along the
marsh edge, facilitating the development
of natural levees. While the Spartina
root mass is commonly recognized as a
stabilizing force, relatively little attention
has been paid to the physical structures
formed by ribbed mussels. Initial observations of intertidal shorelines along sections
of the Delaware Estuary indicated higher
degrees of shoreline erosion in areas
where ribbed mussels were largely absent.
Could it be that ribbed mussels help stabilize shorelines?

Ribbed mussels layer the shoreline of a study site near Bivalve, New Jersey by attaching
to the roots of native grasses. These plants and animals work together to shield inland
marshes from the destructive power of wind and waves.
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TIDINGS NEWS FROM AROUND THE REGION
Employees of the
Partnership for
the Delaware
Estuary and
Rutgers University
install coconutfiber (coir) logs
and mats in New
Jersey’s Heislerville
Fish and Wildlife
Management Area
in May of 2010.

BEFORE

AFTER

Bivalves Bolstering the Marsh:

One year later,
native marsh grass
can be seen flourishing in the logs and
mud that collected
in the new “living
shoreline.” Not
only does this “soft
armor” against
destructive waves,
but also it helps to
clean water, stem
erosion, and furnish
fish habitat during
high tides.

An Update on the Delaware Estuary Living Shoreline Initiative
By Laura Whalen, Restoration Coordinator, Partnership for the Delaware Estuary; David Bushek, Ph.D., Director, Rutgers
University’s Haskin Shellfish Research Laboratory; Danielle Kreeger, Ph.D., Science Director, Partnership for the Delaware
Estuary; and Joshua Moody, Graduate Assistant, Rutgers University

L

“

iving shorelines” use natural
habitats to protect shorelines
from “erosion,” or washing
away, while providing critical habitat for bay or river wildlife. Hard
structures such as bulkheads tend to alter
and sometimes degrade the health of natural areas, and are not considered living
shorelines. In some cases, hard structures
are needed to protect coastal communities
and essential investments. 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, species such as bivalve
shellfish, and planted vegetation into the
design, where those species exist. Many
plants and animals are capable of binding
materials together with natural cement or
fibers, thereby helping to buffer marshes
from wave action, slowing erosion, and
buying more time for marshes to keep
pace with sea level rise or move inland.
When plants and animals live together
in high density, such as naturally occurs
along the edges of salt marshes, they
also help to collect mud and build natural
levees, thereby helping marshes keep
pace. In contrast, bulkheads and stone do

not elevate themselves with sea level rise.
The Delaware Estuary Living Shoreline
Initiative was initiated in 2007 by the
Partnership for the Delaware Estuary and
Rutgers University to bring rapidly evolving,
living-shoreline strategies to the Delaware
Estuary as an alternative to more traditional bulkheads and rock retaining walls.
An innovative tactic was to incorporate
beds of ribbed mussels (Geukensia demissa) into the design.
Coconut-fiber (coir) logs and mats, reinforced with bags of oyster shells, were
used to stabilize and trap sediments (mud)
at several sites along the Maurice River
in New Jersey spanning a range of low
to high wave and wind energy. These
structures were then seeded with plugs of
salt-marsh cordgrass (Spartina alterniflora)
as well as ribbed mussels. While installations failed at the higher–energy areas,
treatments in lower-energy areas and
at a marina survived well and tolerated
relatively heavy ice flows during winter.
Ribbed mussels transplanted from nearby
populations and planted into logs quickly
attached to help stabilize the coir logs. But
we also need to find ways to boost mussel numbers, such as by producing baby
mussels in hatcheries or attracting natural
“seed” mussels.

Preliminary monitoring showed increased
use by baitfishes and juvenile sport fishes
after converting rip-rap (loose stones)
to marsh habitat. This indicates that living shorelines are a valuable method to
improve and enhance fish habitats. Also,
any increase in ribbed mussel numbers
should yield cleaner water because their
filter feeding helps to remove nutrients, pollutants, and possibly also pathogens.
Shellfish-based living shorelines are a
core component of the watershed-wide,
bivalve-restoration strategy advocated by
the Partnership for the Delaware Estuary
(see cover article). Not only can they help
address marsh-erosion problems, they also
provide the full array of other clean-water
and habitat-enhancement benefits provided by bivalves. New efforts are under
way to inventory and map suitable locations for various types of living shorelines
in other areas of the Delaware Estuary
and to develop tactics to produce ribbed
mussels for wider use in living-shoreline
restoration.
Please visit www.DelawareEstuary.org/
Science_Projects_Living_Shoreline.asp for
more information, as well as expanded
planning efforts. ■
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The Delaware Estuary, an Economic
Engine for Over 400 Years

By Catherine Cruz-Ortiz,
Graduate Research Assistant,
University of Delaware,
and Erin McVey, Graduate
Research Assistant, University
of Delaware

of economic activities
that are directly related
to the estuary’s water
resources and habitats.
These could include your
favorite summer activities, such as kayaking
down a local creek,
bird watching in a state
park, and even buying
a nice cold beer after
Jennifer Adkins, executive director of the Partnership for
work. Every time you
the Delaware Estuary, speaks about the estuary’s economic
participate in these and
value during a press conference on June 2 at the Bridesburg
other activities, you are
Outboard Club, a private boat launch on the Delaware River
in Philadelphia.
purchasing valued watershed resources that inject
or the first time in 20 years, the
money into the regional economy. When
University of Delaware Water
looking at economic activity, one considers both market (things bought and sold,
Resources Agency has calcusuch as fish) and non-market (things not
lated the economic benefits of
bought and sold, such as habitat) activithe Delaware Estuary Watershed. This
ties, with estimated values of $8 billion
includes over 6,800 square miles of land
and $2 billion, respectively. Overall, the
draining to the tidal Delaware River and
direct annual economic activity generated
Bay south of Trenton, New Jersey.
by the Delaware Estuary is $10 billion.
For over 400 years, since the time of
A second way was to assess the values of
Henry Hudson and William Penn, the
the goods and services that the estuary’s
Delaware Estuary has been an economic
engine of the Delaware Valley. The water- various natural areas provide, and these
were estimated at $12 billion. Every type
shed is home to over 6.7 million people
of natural area, whether it be forest, field,
in Delaware, Maryland, New Jersey, and
wetland, or open water, provides benefits
Pennsylvania and is responsible for providto people. These benefits span between
ing drinking water to 2% of the U.S. popugoods, such as the sale of water and
lation and the nation’s fifth-largest metrofish, and the benefits provided by natural
politan economy. Millions of businesses
systems, including flood reduction and
and people depend on the Delaware to
water filtration. How would you value your
sustain their enterprises.
last trip to the beach? Did you swim?

F

The University of Delaware’s study
assessed the economic value of the
Delaware Estuary in three different ways.
The first way was to assess the value

Birdwatch? Sample the coastal cuisine?
All of these are directly related to a
healthy ecosystem that provides valuable
goods and services to people.

The final way was to assess employment
related to the Delaware Estuary’s water
resources and habitats, which considered
both direct and indirect employment. Take
your local seafood market, for example.
Fish and shellfish from the Delaware
Estuary are directly harvested as seafood,
a process requiring the skill of employed
anglers. The seafood also needs employees to process, deliver and sell it to
patrons. When you order the seafood
in a restaurant, the server is an indirect
employee of the estuary. Other examples
include port jobs and ecotourism jobs
from birdwatchers (just to name a couple).
The estuary provides over half a million
jobs, including 50,000 in Delaware,
140,000 in New Jersey, and 330,000
in Pennsylvania. The combined wages
resulting from this employment yields the
estimated worth of $10 billion.
The three methods of calculating the
economic worth of the Delaware Estuary
Watershed show that the people living
and employed within its borders rely on
its health, for work and play. No matter
how you count it, the Delaware Estuary
Watershed contributes over $10 billion to the tri-state, regional economy
that provides hundreds of thousands of
jobs. Many of our activities depend on
the health of the watershed, so the next
time you buy your favorite jam from the
local farmer’s market, remember to think
about the value of the Delaware Estuary
Watershed. ■
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Beyond the Raw Bar: Oysters
as a Vehicle for Education
By Lisa Calvo, Visiting Scientist, Rutgers University’s Haskin Shellfish Research Laboratory

I

Credit: Rutgers University

Dockside, Project PORTS coordinators explained that the bags of surf
clam shell had been constructed by bayshore-area school children. The
barge would transport the shell bags to a site in the Lower Delaware Bay
where they would serve as juvenile oyster, or “spat” collectors. Elaborating
on the oyster’s life cycle, the project’s partners explained that oysters
begin their lives as microscopic “larvae,” or babies that move about the
bay with the currents for a two-week period, after which they settle to the
bottom and cement themselves to a hard surface.
Oyster habitat restoration efforts involve “planting,” or strategically placing
shell, which provides the required clean, hard surface for the young oysters, called spat, to attach to. The young oysters that “recruit,” or attach to
the student’s shell
bags will later be
transplanted to
upper-bay fishery
and conservation areas. The
enhanced oyster
habitat will then
serve as a sanctuary for spawning oysters and
provide complex,
reef-like structures
benefiting a host
of other species.
Bernardo Puentes, a student at West Avenue
Elementary School, displays the clam shell he decorated June 5 while learning about oysters being restored
near his hometown of Bridgeton, New Jersey.

Project PORTS
was developed
as an outreach
initiative of
Rutgers University and the American Littoral Society as a means to expand
educational opportunities while improving oyster habitats and developing sustainable stewardship. The project utilizes the oyster as a vehicle to
inspire discovery, nurture a sense of history and place, and promote an
understanding of scientific concepts and stewardship among kindergarten

Credit: Rutgers University

t was Father’s Day weekend in Shellpile, New Jersey. A crew of 34
volunteers applied sunscreen and put on gloves in preparation for
the task of loading nearly 30 tons of shell bags onto a barge. The
diverse crew included residents of New Jersey, Maryland, Delaware,
Iowa, and Pennsylvania. Among those present were grandfathers and
fathers who sought a special way to spend some quality time with their
grandchildren and children on Father’s Day weekend. All were curious
about, and anxious to contribute to, the community-based, oyster-restoration project known as Project PORTS: Promoting Oyster Restoration
Through Schools.

Notre Dame Regional Elementary School student Gabriel
Calvo closes a bag he filled with clam shells on June 23
for Project PORTS. Among other lessons, he learned how
shell bags are being used to replenish oyster reefs in
Delaware Bay.

Project PORTS is one of six projects selected
by the PDE Alliance for Comprehensive
Ecosystem Solutions as a 2011 Priority
Project for the Delaware Estuary. Others
include:
• The Bridesburg Urban Waterfront
Restoration Project
• The Delaware Estuary Living Shoreline
Initiative (see article page 10)
• Freshwater Mussel Recovery Project (see
article page 5)
• An Assessment of Submerged Aquatic
Vegetation (SAV) in the Delaware Estuary
• The Delaware Bay Oyster Restoration
Project
The PDE Alliance will be working throughout
this year to promote, support, and facilitate
the success of these projects in any way it
can. Please visit DelawareEstuary.org to discover the merits of each undertaking.

continued on page 15
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Bivalve

ESTUARY EXCURSIONS
Discover
Bivalves
in

T

By Laura S. Johnson, Director of
Development and Marketing, Bayshore
Discovery Project

The BDP’s Bivalve Center sits at the
heart of the oyster industry, both past
and present. This is where, in the first half
of the 20th century, oyster schooners
were rafted up to seven deep at the
wharves after a busy week of harvesting.
Oystermen trundled (carted) thousands
of baskets of oysters a day from ships to
floats, from floats to scows (flat-bottomed
boats), from scows to wharves and, finally,
from wharves to the boxcars waiting on
the tracks just outside the sheds. As many
as 127 boxcars a day hauled oysters from
Bivalve to New York and from there to the
rest of the country and beyond. Carts on
the streets of New York and Philadelphia
peddled oysters to passersby just as they
do hotdogs today.
The BDP owns seven of the 30 sheds
which were originally built by the Central
Railroad of New Jersey in 1904 to assist
the oystermen in getting their harvest to
market. Today they are home to the 1928
oyster schooner A. J. Meerwald (see
photo next page), which was discovered
in deplorable condition in 1988 and historically restored by the BDP’s Executive
Director, Meghan E. Wren.
“I saw an opportunity to make connections between the rich history and incredible natural resources of the region, both of
which have long been underappreciated,”
said Wren. “Often a place’s assets are
taken for granted until something makes
you take a second look. We’re trying to

Credit: Bayshore Discovery Project

here can be no better place to
explore the world of bivalves than
in Bivalve, New Jersey, and there
is no better time than now, as the
Bayshore Discovery Project (BDP) puts
the final touches on the restoration of its
Oyster Shipping Sheds and Wharves.
Twenty-three years of planning and $5
million invested ensure that this is the
place to go to experience the intersection
between oyster and man.

Workers “shuck,” or cut oysters from their shells inside a Bivalve, New Jersey shipping
shed during the 1930s or ’40s. From here they were loaded onto trundle carts and hauled
to locomotives bound for Philadelphia, New York and elsewhere.

provide a lens for that second look.”
Standing on the newly repaired wharves
today, you will see the oyster, fishing and
crabbing boats heading out for the catch,
just as they have for over two centuries.
You will also see the A.J Meerwald taking
on school children as they rush out of their
school buses, breathing in the wonderful
salty air, sometimes wrinkling their noses at
the smell from the clam factory down the
road, but all bright eyed and eager to go
aboard, raise the sails, and explore the
Delaware Bay. They will help deploy an
otter-trawl net and examine the living contents, learn about the life cycle of oysters
and salt marshes, and understand how
actions they take can either harm or help
the oyster’s habitat and the Delaware Bay
as a whole.
Reopening this fall, the Delaware Bay
Museum and Folklife Center’s inaugural
exhibit will premier in its new space on

November 11. The Abundant Oyster will
explore the place of the oyster industry in
America’s early industrialization and the
role of African Americans in shaping the
culture and economy of South Jersey’s
bayshore. Also located in the restored
sheds, which will officially open on
September 30, will be a Museum Shop
and Gallery. The sheds will feature special programming the second Friday of
each month throughout the year, starting
in October. At these events, participants
will celebrate all aspects of South Jersey
waterfront culture and history through
music, food, literature and art.
What better place to learn about the life
cycle, history and culture of oysters than
here, where human history and culture
intersect with those of the bivalve?
For driving directions and more info,
please visit AJMeerwald.org. ■
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ESTUARY EVENTS
Home-port Visit
September 4-5
Bivalve, NJ

Set sail aboard the A.J. Meerwald during the schooner’s first home-port visit
since June. Options include a cruise
down the Maurice River on Sunday or a
Birding Sail on Monday, or Labor Day.
Visit AJMeerwald.org to buy your tickets online. And while you are there, be
sure to visit the new-and-improved shipping sheds (see article page 13). These
were built in 1904 to prepare delicious
Delaware Bay oysters for market.

Coast Day Corner

Visit the Partnership for the Delaware Estuary’s booth at a Coast
Day event near you:

Pennsylvania Coast Day
September 10, from
11 a.m. to 4 p.m.
Philadelphia, PA
Delight in the Delaware River
at Pennsylvania Coast Day.
Not only can visitors board
the RiverLink Ferry for a free
tour, but also they can paddle Penn’s Landing in a kayak or swan boat
for $8 to $10. And bring the kids. They will love the outdoor exhibits,
free face painting, and discounted $5 admission to the Independence
Seaport Museum. Log on to DelawareEstuary.org for details, including how to access the free shuttle bus bound for the Fairmount Water
Works Interpretive Center.

Experience the Estuary Celebration

Featured on
ecoDelaware.com:

October 13, from 5 to 8:30 p.m.

Delaware Coast Day

Wilmington, DE

The Partnership for the Delaware Estuary
is pleased to announce the 2011
Experience the Estuary Celebration will
be held at World Cafe Live, located
at the newly restored Queen Theatre
in historic downtown Wilmington! We
invite you to participate in this event,
which helps to support the PDE’s work
throughout the year. The theme will be
“The Delaware Estuary Takes Center
Stage,” celebrating the revitalization of
Wilmington and the role of the Delaware
River and Bay in the history of this region.

October 2, from 11
a.m. to 5 p.m.
Lewes, DE
Delaware Coast Day has
attracted over 200,000 visitors since 1978, and why
wouldn’t it? It’s got everything: a boat show, exhibits,
seafood, touch tanks; you
name it. You can even see behind the scenes, where scientists are working in labs and ships to solve serious problems, like oil spills and tsunamis
(sound familiar?). Dive in to DECoastDay.com to discover more. Perhaps
we will see you there!
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Strength of Marshes

Annual Checkup

continued from page 9

continued from page 8

have increased salinity within the system, is limited. The estuary is
subject to dynamic climate and man-induced changes in circulation, salinity, the amount and timing of freshwater withdrawals,
and pressure on freshwater resources from population increase.
This combination means resource restoration must work throughout the entire estuary rather than focus on one or two fixed positions to accommodate change.

Credit: Rutgers University

Despite long-term challenges for oysters from climate change,
water management, and continued development, a longer reproductive and growing season might provide some counteracting
benefits to future oyster populations. Oyster-restoration projects
such as “shell planting,” or strategically placing new shell, have
been successful in the Delaware Estuary. With modest, sustained
funding and continued sound management, we have an opportunity to ensure that oysters continue to be an economically and
ecologically important resource in the Delaware Estuary.

Joshua Moody, a graduate assistant at Rutgers University, measures how much shoreline has been swept away by the Maurice
River near Bivalve, New Jersey, in November 2010.

To achieve long-term balance, the oyster resources and their
habitat will require responses that are adaptively managed with
input from scientists, those charged with managing the freshwater resources, and the harvesters. Faced with these constraints,
continuing adaptive management based on annual population
assessments appears to be the best way to maintain our oyster
resources.

to shellfish gardening in waters closed to shellfish harvesting
— a major obstacle for oyster restoration and research in large
portions of the Delaware Bay. Finally, as the most-common
bivalve in Delaware Bay marshes, its filtration capacity exceeds
that of any other bivalve in the system and is vitally important to
our estuary’s health.

Visit DelawareEstuary.org to download “Climate Change and the
Delaware Estuary,” a recent report detailing the effects climate
change may have on oysters and other natural resources. ■

If ribbed mussels can be used as a component of shoreline
fortification, we will not only be able to utilize a native species,
but also we will allow the Delaware Bay to receive the full
suite of nature’s benefits that this shellfish can provide.
Editor’s Note: Joshua Moody won the Best Student Talk Award at
the Delaware Estuary Science and Environmental Summit in February.
In recognition of his accomplishment, the Partnership for the Delaware
Estuary is pleased to share his research in Estuary News. ■

Coast Day NJ
October 9, from 11 a.m. to 4 p.m.
Cape May, NJ
This year it’s a “Celebration of the Sea” at Coast
Day NJ. That’s where upwards of 5,000 people will
gather outside the Lobster House Restaurant one day
prior to Columbus Day. Attractions will include exhibits, kids’ activities, live music, tours and more. Stop by
the Partnership for the Delaware Estuary’s table to
see all we are doing in South Jersey. Visit
NJMSC.org/CoastDay.html for details. ■

Beyond the Raw Bar
continued from page 12

through 12th-grade students. Lessons begin in the classroom,
where scientists engage students in hands-on experiences that
emphasize scientific concepts, as well as the local significance
of the oyster resource. Students exhibit great enthusiasm and
excitement as they examine and learn about oysters. The restoration component extends these lessons from the classroom to a
real-world application, which connects students to the Delaware
Estuary.
Since 2007, 16 schools and more than 5,000 students have participated in Project PORTS. The community-based, oyster-restoration effort has created more than 20 million young oysters at the
targeted restoration areas. Monitoring at the enhancement area
has demonstrated impressive results. However, the more significant impact may well be the skills and knowledge students have
gained and the long-term stewardship and community-conservation ethic that has been fostered through citizen involvement.
Project PORTS is supported by grants from the Geraldine R.
Dodge Foundation, DuPont Clear into the Future, and Restore
America’s Estuaries. ■
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