
Fish — they amaze us, entertain us, relax us, feed us, and 
sometimes perplex us. They breathe under water and 
travel hundreds, even thousands of miles to spawn. There 
is perhaps no other aspect of the Delaware Estuary where 

the balance between the living river and the working river is 
more important, or more challenging, than when it comes to 
managing fish.

Some of our guest authors in this issue of Estuary News are 
fisheries scientists and managers who have this exceedingly com-
plex job. They seek to understand how the waters and habitats 
of the Delaware Estuary support (or don’t support) fish of many 
ages and species. They also seek to understand how a wide 
range of human activities impact those fish. These include fishing, 
industrial intakes and discharges, dredging, shipping, and even 
the management of other fish. On top of that, they often need 
an understanding of conditions and impacts in places far outside 
the Delaware Estuary. This is because many of our fish migrate 
to and from other places far and wide. And they consider all of 
these factors in concert with one another, with limited data, to 
make management decisions that are often contentious.
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The Dish 
on Fish
By Jennifer Adkins, Executive Director,  
Partnership for the Delaware Estuary

A participant in the Philly Fun Fishing Fest displays the catch he 
reeled in from the Schuylkill River on September 8. The Philly 
Fun Fishing Fest is hosted annually by the Philadelphia Water 
Department, Philadelphia Parks & Recreation, Pennsylvania 
Fish & Boat Commission, and the Schuylkill River Development 
Corporation.

Credit: Jeanne Waldowski of the Philadelphia Water Department
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Fish from the Delaware River and Bay are a local, low-
cost source of nutritious, sustainable food. However, 
too much of a good thing can be hazardous to your 
health. Always consult your state’s fish-consumption 

advisory before eating seafood caught locally. This is espe-
cially important for high-risk individuals, like children and 
pregnant or nursing mothers. These limits are set to protect 
people from pollutants, which can accumulate in fish and 
shellfish over time. Get all the details online at:

Delaware: http://1.usa.gov/SSOGkX
New Jersey: http://bit.ly/WOcPsK
Pennsylvania: http://bit.ly/bFU5h
And for more on eating fish safely, please see page 6 of our 
fall 2009 issue of Estuary News.

Meetings conducted by the Partnership for the Delaware Estuary’s implementation and advisory committees occur on a regular basis 
and are open to the public. For meeting dates and times, please contact the individuals listed below:
Estuary Implementation Committee
Jennifer Adkins, Executive Director (Chair), 
(800) 445-4935, ext. 102 
jadkins@delawareestuary.org

Monitoring Advisory Committee
John Yagecic, Monitoring Coordinator,  
(609) 883-9500, ext. 271
john.yagecic@drbc.state.nj.us

Toxics Advisory Committee
Dr. Thomas Fikslin, Branch Head,  
(609) 883-9500, ext. 253 
thomas.fikslin@drbc.state.nj.us

Fish Consumption Advisory Team
Dr. Thomas Fikslin, Branch Head,  
(609) 883-9500, ext. 253 
thomas.fikslin@drbc.state.nj.us

Science and Technical Advisory 
Committee
Dr. Danielle Kreeger, Science Director,  
(800) 445-4935, ext. 104 
dkreeger@delawareestuary.org

Delaware Estuary Education Network
Lisa Wool, Program Director,  
(800) 445-4935, ext. 105 
lwool@delawareestuary.org

Polychlorinated Biphenyls 
Implementation Advisory 
Committee
Pamela Bush, Esq., Commission Secretary 
& Assistant General Counsel,  
(609) 883-9500, ext. 203 
pamela.bush@drbc.state.nj.us

 meetiNgs CoNtaCt list

follow us oN

Credit: Paul Mackey, courtesy of the Schuylkill Action Network

Fishing is sometimes illegal or limited if a stream has a history 
of water pollution, like the Darby Creek (pictured) in Tinicum 
Township, Pennsylvania. Be sure to obey posted information 
about fishing and check your state’s newest fish-consumption 
advisory before eating any fish caught in streams, rivers, or 
bays.

Thanks to the good work of fisheries managers and remarkably 
cleaner water, the Delaware Estuary may support more fish today 
than it has in 100 years. Yet, this is likely only a fraction of the fish 
it once supported, and some species remain stubbornly resistant to 
management efforts. 

Some of the most important fish habitats in the estuary — like tidal 
wetlands, shellfish beds, and rocky outcrops — are already greatly 
diminished and will face new threats in the future. Sea level rise, ero-
sion, increased salinity, and dredging will all bring new challenges 
for fish in the Delaware Estuary.

Continuing to improve water quality, protecting and restoring tidal 
wetlands, working with industry to reduce impacts from intakes and 
shipping, and supporting and coordinating science for better fisher-
ies management are some of the ways we can keep the fish of the 
Delaware Estuary healthy…and the people who love them (for all 
kinds of reasons) happy! ■

The Dish on Fish continued from page 1

CHECK BEFORE YOU EAT!



Ingredients
• Shad fillets
• Salt, pepper, and butter to taste
• Thick slices of bacon or salt pork (optional)
• Lemon wedges (optional)■ 

Planked Shad

Ingredients
• 2 tablespoons of roasted garlic cloves
• 2 tablespoons of fresh sage leaves, sliced
• Sea salt
• 6  striped bass fillets, each weighing 

about 6 ounces
• 2 tablespoons of grape seed or canola oil
• 2 tablespoons of diced shallots
• 2  tablespoons of unsalted butter,  

softened
• 2  tablespoons of unsalted butter, cold 

and cut into half-inch cubes
• 2 teaspoons of extra-virgin olive oil
• 4  sliced heirloom tomatoes, preferably 

consisting of 2 or 3 varieties (about 2 
pounds)

Directions
1. Smash the garlic, sage, and one-half teaspoon of salt until combined and fragrant. Season the fillets with sea salt.

2. Heat a large skillet over medium-high heat. Put the grape seed oil in the hot pan and immediately add the fillets, 
skin sides down. Lightly press each fillet to ensure the skin makes contact with the pan. Cook for about three min-
utes, or until the flesh nearest the bottom of the pan begins to brown.

3. Turn the fillets over. Add the shallots and softened butter to one side of the pan while tilting the pan toward you 
slightly. The butter will melt and collect with the shallots in the nook of the pan closest to you. Use a tablespoon to 
baste the fillets with the butter and shallots and continue basting for about two minutes.

4. Transfer the fillets to a warm, oven-proof platter. Check the doneness of the fillets. If they need a little more cooking, 
put the platter in a 250-degree oven for two to three minutes.

5. To make the fondue, reduce the heat to medium low and add the tomato slices, cold butter, and garlic-sage paste to 
the skillet. Cook at a simmer, gently moving the ingredients around the pan to distribute the butter and garlic paste 
evenly until the sauce comes together.

6. To serve, spoon the fondue on a warm serving platter and set the fillets on top. Drizzle with olive oil. ■  

Source: Monterey Bay Aquarium, courtesy of Chef Michel Nischan

Serves: 6

Directions
1. [Prepare a fire outdoors using scraps of any soft 

wood, like pine.]

2. [Obtain a plank of wood.]  The plank should be three 
inches thick, two feet long, one and a half feet wide 
and of well seasoned hickory or oak. Pine or soft 
wood gives the fish a woody taste.

3. Take a fine shad just from the water, scale, split it 
down the back, clean it, wash well and immediately 
wipe dry.

4. Dredge it with salt and pepper.

5. Place a plank before a clear fire to get very hot. Then 
spread the shad open and nail it, skin side next to the 
hot plank, with four long headed tacks. [Other recipes 
suggest laying bacon or salt pork against the shad 
prior to nailing and coating the plank’s baking side 
with either bacon grease or olive oil.]

6. Put it before the fire with the large end down; in a few min-
utes turn the board so that the other end will be down; and 
do this every few minutes until the fish is done. To tell when 
it is done pierce it with a fork; if the flesh be flaky it is done.

7. Spread the butter and serve on the plank or draw the tacks 
carefully and slide the shad on to a hot dish. [Other recipes 
also suggest lemon wedges on the side.]

Seared Wild Striped Bass with Tomato Sage ‘Fondue’

Source: Rorer, S.T. Mrs. Rorer’s Philadelphia Cookbook: A Manuel of Home 
Economics. Philadelphia: Arnold and Company, 1886. p.47.
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Credit: Flickr user Mark Warner

For generations, Americans have been baking 
shad fillets together with bacon or salt pork. 
This is done by nailing both to oak planks and 
propping them around a fire.

Credit: Flickr user Emily Alling, or “ealling”



The Delaware Estuary contains a treasure 
trove of coastal wetlands. These extend as 
a near-continuous border fringing the tidal 
waters of the Delaware River and Bay, 

from the urban corridor down to Cape Henlopen, 
Delaware, and Cape May, New Jersey. It is no coin-
cidence that our estuary also supports reasonably 
healthy commercial and recreational fisheries and 
shellfisheries (at least in comparison to other large 
Mid-Atlantic estuaries). These bountiful wetlands 
are one of the main reasons why we can catch and 
export fish, blue crabs and oysters to help supply 
demands in nearby markets, where fish and shellfish 
populations are severely depressed. Some of our 
most visible fish and shellfish species at least partly 
rely on the Delaware Estuary’s tidal marshes. These 
include menhaden, flounder, sea trout, spot, croaker, 
striped bass, oysters, mussels, and blue crabs.

Wetlands are some of the most productive eco-
systems on the planet, and in comparison to other 
natural habitats of the Delaware River Basin, tidal 
marshes rule!  The amount of carbon dioxide cap-
tured by these wetlands every year exceeds 10 tons 
per acre, and where does that production end up? 

Much of it gets buried as dead and decaying plant 
matter, leading to peat accumulation, which is critical 
for two reasons. It helps offset global warming and 
it helps marshes build elevation and keep pace with 
sea level rise. Fish benefit because a sizable portion 
of the algae and plant matter grown in marshes ends 
up in the food web. Algae and plant matter can be 
eaten directly (by herbivores), or it can be degraded 
and transformed into more usable forms by bacte-
ria and other decomposers. Small animals quickly 
become dinner for larger animals like fish, which in 
turn get eaten by fish predators.

Marshes don’t just feed fish that live in, or occasion-
ally venture into, marshes. Many species of fish and 
shellfish that live out in the open waters of Delaware 
Bay can also get marsh-derived dinners. This is 
because much of the material grown in marshes gets 
flushed during the twice-daily tides. This “outwelling” 
of plant and animal matter from marshes was first 
described more than 50 years ago by pioneering sci-
entists, such as John Teal and Eugene Odum. Since 
then, hundreds of researchers have worked tirelessly 
to measure how much marsh production ends up in 
important fish species.

Healthy Wetlands = Healthy Seafood
ESTUARY BASICS

4
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BACKGROUND IMAGE: Over 280 acres of freshwater tidal marsh 
is protected within the John Heinz National Wildlife Refuge in 
Philadelphia. By comparison, the Pennsylvania Natural Heritage 
Program estimates that Philadelphia County once contained at least 
6,400 acres of this fish-friendly habitat.
Credit: Bill Buchanan R5-FWS-DOI 3

By Danielle Kreeger, Ph.D., Science Director, Partnership for the Delaware Estuary

Mummichug, or  
Fundulus heteroclitus Black drum, or Pogonias cromisSpot, or Leiostomus xanthurus

Summer flounder, or 
Paralichthys dentatus
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Healthy Wetlands = Healthy Seafood
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Above Credit: Pennsylvania Fish & Boat Commission; all others by Dr. Danielle Kreeger of the PDE

Employees of the Partnership for the Delaware Estuary and Rutgers 
University’s Haskin Shellfish Research Laboratory install a seine net at their 
2010 restoration project on the Maurice River in Heislerville, New Jersey. 
The purpose of this experiment was to see if more fish were using the 
restored wetland as habitat.

Credit: Pennsylvania Fish & Boat Commission

Clockwise, from 
upper left: Atlantic 
silverside, or 
Menidia menidia; 
bay anchovy, or 
Anchoa mitchilli; 
grass shrimp, 
or Paleomonetes 
spp.; bluefish, 
or Pomatomus 
saltatrix; and an 
unidentified fish.

Blue crabs, 
or Callinectes 
sapidus

American shad,  
or Alosa sapidissima

With the advent of new technology and research 
tools, scientists now have a much better under-
standing of how food moves through natural 
ecosystems. The importance of coastal wetlands 
for fish is so well understood that large-scale 
marsh restoration has been completed for the pri-
mary purpose of growing fish. For example, the 
PSEG-sponsored Estuary Enhancement Program 
has restored thousands of acres of tidal wetlands 
along Delaware Bay. This was done to offset fish 
losses associated with the company’s operations.

In addition to providing food, tidal wetlands 
provide numerous other habitat-related bene-
fits to fish and shellfish. More than one-third of 
the threatened and endangered species of the 
United States live only in wetlands, and nearly 
half rely on wetlands as habitat at some point in 
their lives. Wetlands serve as critical spawning 
habitats for some species, whereas other fish and 
shellfish live within, or escape into marshes as 
safe havens from predation. Some scientists also 
maintain that certain fish might grow more effi-
ciently under the unique environmental conditions 
in marshes.

Unfortunately, the bountiful tidal wetlands of the 
Delaware Estuary are disappearing at an alarm-
ing clip. Our recent “State of the Estuary Report” 
documented acreage losses of more than 2% 
between 1996 and 2006. Worse yet, more 
than half of our tidal wetlands could be lost this 
century due to sea level rise, more frequent and 
destructive storms, and other factors. The recent 
bout of severe weather events, like Hurricane 
Irene, Tropical Storm Lee, Hurricane Sandy and 
numerous nor’easters, is a scary reminder that 
our coasts are extremely dynamic and shoreline 
changes will continue.

Efforts are under way to help offset future marsh 
losses. If successful, some of the most important 
fish and shellfish species of Delaware Bay will 
remain a vital resource for the region’s ecology 
and economy.

Visit DelawareEstuary.org to see how the 
Partnership for the Delaware Estuary is working 
to monitor and sustain the health of coastal wet-
lands throughout the tri-state area. ■

Credit: Dr. Danielle Kreeger of the PDE
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ESTUARY BASICS

In the industrialized Delaware River, larval and juvenile fish 
are subject to mortality from industrial water intakes, among 
other things. Entrainment, or the suction of fish into industrial 
water intakes and, to a lesser extent, impingement, or the 

entrapment of fish on screens in front of such industrial intakes, 
are the two components of this mortality.

There are several industrial plants with high-volume intakes on 
the Delaware River, including one that may pull in the highest 
volume in the world, the Salem Nuclear Generating Station 
(see photo next page). The other plants include the Eddystone 
Generating Station in Delaware County,
Pennsylvania, the Edge Moor Energy Center 
near Wilmington and the Delaware City 
Refinery near Delaware City. These three 
latter plants remove several hundred million 
gallons per day, while the Salem plant 
pulls in 2.2 million gallons per minute at full 
capacity, or 1.3 billion gallons per day.

When regulators consider issuing permits for an industrial plant, 
they generally have some data on the plant’s impact on fish pop-
ulations. However, this information is only on that particular plant’s 
impact. The regulators attempt to evaluate whether the estimated 
impact on fish would be acceptable, or whether modifications, 
such as recycled cooling water requiring cooling towers, should be 
required.

What is missing from an examination of a single plant’s impact, in 
isolation, is the cumulative impact of all the plants acting together 
on the single population of each affected species in the river. For 
example, what is the cumulative impact of these four plants on 
the Delaware River’s spawning population of striped bass?  The 
cumulative effect of all of these plants on these fish populations is 
greater than the impact of any one plant considered on its own. 
Yet regulators do not currently have estimates of this cumulative 
impact.

Each plant is required to produce, for at least two years, data esti-
mating the numbers of each species killed at each life stage, such 
as the egg, early larval, late larval and juvenile stages. We can 
utilize this data in mathematical models that estimate how many 
fish would have survived to a certain age, such as one year, if they 
had not been killed by the plants at a younger age. For example, 
if 10 million larvae were killed by a plant intake, these models will 

produce an estimate of how many of those 10 million would 
have survived to age one, if not killed by the intake.

Such models, known as Equivalent Recruit or Equivalent Adult 
Models, produce reasonable estimates of the effect of a given 
level of larval mortality; for instance, on the abundance of 

catchable-sized, older fish. Larval fish have very high natural mortal-
ity rates, and a small proportion would normally survive to an adult 
size, for example. Due to the variability inherent in nature, however, 
there is uncertainty surrounding these estimates. In the case of the 
Delaware River, such models have estimated losses of hundreds of 
thousands at one year of age, with occasional estimates as high 
as over a million due to large intakes such as the Salem reactors.

Once these estimates of losses are developed, they can be com-
pared with estimates of the total number of fish that are actually 
present in the river at that age. This comparison allows us to esti-
mate the proportion killed by a plant. If the losses due to more than 
one plant are considered together, the estimate of the total propor-
tion of the population killed will increase.

Despite the significant fish mortality caused by industrial water 
intakes, healthy fish populations exist in the river, including the 
striped bass population, which was officially declared recovered in 
1998. The gauntlet created by this series of plant intakes, however, 
appears to significantly reduce the abundance of fish in these pop-
ulations, affecting the ecology of our estuary and reducing fishery 
catches. By moving to closed-cycle cooling, industrial plants can 
greatly reduce the total kill of fish by 90% or more. Future regula-
tions may require such reductions. ■ 

What Are the Cumulative Impacts 
of Industrial Water Use on the Fish 
Populations of the Delaware River? 

Heather Corbett (left) and 
Maryellen Gordon 
(right) of the New 
Jersey Division of 
Fish and Wildlife 
count juvenile 
fish they caught 
in the Delaware 
River near 
Bridgeport during 
the young-of-year 

survey in 2003. This 
sampling technique 

is used annually 
to estimate the 
population of 
local fish less 
than one year 
old.

Credit: New Jersey Division of Fish and Wildlifefish mortality 
is the proportion of 
fish killed over a 

specific period 
of time.

By Desmond M. Kahn, Ph.D., Biometrician, Delaware Division of Fish and Wildlife
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By Gerald Kauffman, P.E., Project Director, University of Delaware’s Water Resources Agency

The Delaware 
River and 
Estuary is a 
complex nat-
ural system 

that nurtures a world-
class fishery while also 
providing billions of 
gallons of cooling water 
to generate electricity 
for 8 million people. 
This cooling water is 
used by 22 coal, gas, 
and nuclear thermo-
electric power plants 
to  produce 13,500 
megawatts of power for 
people who live and 
work in Delaware, New 
Jersey, New York, and 
Pennsylvania. About 
95% of this cooling 
water returns to the river 
or bay (nonconsumptive 
use) and 5% evaporates 
(consumptive use). The University of Delaware estimates the eco-
nomic value of the cooling water withdrawn from this region to 
be $300 million annually and the value of the power produced 
to be $135 billion annually.

This power generation does come at a cost, however, since the 
billions of gallons of water removed from the river carry signifi-
cant numbers of fish (see adjacent article). Several technical and 
policy actions are under way that promise to reduce the damag-
ing effects of power plant water withdrawals on fisheries.

In 2010, the U.S. Environmental Protection Agency settled a 
court case in New York that will result in finalized standards 
for power plant cooling-water intake structures under the Clean 
Water Act by June 27. These more stringent standards, if imple-
mented, would require power plants to use “best available 
technology.”  This includes closed-cycle cooling that can reduce 
water withdrawals by 95% and save millions of fish in the 
Delaware Estuary alone.

In Delaware, the General Assembly recently passed a joint 
resolution that requires the consideration of closed-cycle cool-
ing during future power plant review cycles. For example, the 
Delaware Department of Natural Resources and Environmental 
Control recently issued a permit for the Indian River Generating 
Station (in the Delaware Inland Bays) that will reduce cool-
ing-water use by 95% through closed-cycle cooling. Additionally, 
power companies are converting power plants along the 
Delaware River from coal-fired to less expensive natural gas gen-
eration, which can also reduce cooling-water needs. The Sandia 
National Laboratory estimates that closed-loop, fossil-fuel (coal) 
turbines require water withdrawals of 330 to 660 gallons per 
megawatt hour (MW-hr). This is a lot compared to 240 gallons 
per MW-hr for closed-loop, natural gas plants.

Striking the right balance between water use for power gen-
eration and the protection of fisheries is essential for a healthy 
Delaware Estuary that supports communities and a robust  
economy. ■

Fish to Benefit from 
Power Plant Changes

Credit: Flickr user Peretz Partensky, or “peretzp”

The Salem Nuclear Generating Station consists of two reactors: Unit 1 and Unit 2.  Unit 1 
began operating in 1977 and has a license to do so until 2036.  Unit 2 came online soon 
thereafter, in 1981, and is licensed through 2040.  Neither reactor uses closed-cycle cooling, 
but Hope Creek, a third reactor nearby, does use this technology.  
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SPECIES SPECIFIC
Lucrative Fish Now 
Numbers Less 
Than 300
Along the Atlantic 

coast, from Labrador, 
Canada to the St. 
Johns River in Florida, 

a prehistoric fish still exists. The 
Atlantic sturgeon is a primitive 
fish that has existed for approx-
imately 70 million years, since 
dinosaurs roamed the Earth. 
This large fish may live up to 
60 years and reach a length 
of nearly 14 feet. They are built 
for feeding off the bottom in the 
dark, murky depths. Their bodies 
are covered with five rows of 
bony plates, or “scutes,” for pro-
tection.

An anadromous fish, the adult 
Atlantic sturgeon spends most of its life 
in salt water and migrates back to its 
birthplace to spawn in fresh water. The 
historic spawning grounds in the Delaware 
River were believed to be centered near 
Delaware City but were reported to 
extend upstream and down 20 miles. 
Juvenile sturgeon less than two years old 
spend all their time in fresh water, mostly 
in the area from the Delaware Memorial 
Bridge to Roebling, New Jersey. Then, as 
they become older, juveniles spend most 
of their time in brackish (somewhat salty) 
water and overwinter in the ocean or 
other estuaries to the south.

During the late 1800s and early 1900s, 
Atlantic sturgeon was an important com-
mercial fishery along the Atlantic coast. 
The Delaware Bay and River was the 
heart of this fishery, with an estimated 
population of 180,000 spawning females, 
the largest on the coast. The highest land-
ings occurred in the late 1880s, with over 

6.5 million pounds landed in the states of 
Delaware, Pennsylvania, and New Jersey. 
Landings rapidly declined and, by 1920, 
the fishery collapsed. No other stock or 
region has supported landings of this mag-
nitude. The most valuable part of the fish 
was the eggs, which were prepared as 
caviar, packed, and shipped to Europe. 
Some cans were labeled as “Russian 
Caviar” and shipped back to New York 
City, where they were then sold at a pre-
mium.

Recently the Atlantic sturgeon population 
has been thrown a life line of protection; 
the National Marine Fisheries Service 
listed the species as endangered along 
most of their range and threatened in the 
Gulf of Maine. In the Delaware Estuary, 
the main threats to restoration of the pop-
ulation are vessel strikes, dredging, and 
polluted water. Unintended capture of 
sturgeon by fishing, known as “by-catch,” 
is a threat which occurs mostly outside of 
the estuary.

Atlantic sturgeon spend most of their time 
in deep water in and  around the chan-
nel, where vessel propellers put sturgeon 
at risk. This threat is escalated in the 
Delaware because it is home to North 
America’s largest freshwater port system, 
extending over 100 miles inland, with 
3,000 vessels annually. Since 2010, the 
Delaware Division of Fish and Wildlife has 
received an average of 17 sturgeon-car-
cass reports annually. (If you find one, 
please report it to Matt Fisher at 302-735-
8650.)  This is significant when the adult 
population is estimated to be less than 
300 individuals and females can take 20 
years to mature.

Dredging temporarily removes forage 
for sturgeon and can cause deaths. 
Additional damage is done to the stur-
geon-producing potential of the system 
by deepening the estuary. This happens 
because salt water extends farther up river 
and shrinks the available tidal-freshwater 
habitat that sturgeon need for their early 
stages of growth and spawning.

Water pollution has come a long way in 
the Delaware and continues to improve. 
However, there are still occasional low 
periods of dissolved oxygen when stur-
geon less 
than 60 days 
old are most 
sensitive, and 
deaths can 
occur. The effect of chemical pollutants on 
sturgeon is poorly understood and is an 
area that needs further investigation.

For more information regarding ongoing 
Delaware sturgeon projects, please see 
http://1.usa.gov/V9jWKS and http://
cars.desu.edu/aqua-sci. ■ 

Credit: Delaware Department of Natural Resources and Environmental Control

This baby Atlantic sturgeon was captured in the 
Delaware River off Wilmington, Delaware in 2009, 
proving they still spawn in the estuary. This fish was 
added to the federal endangered species list early 
last year.

Sam Wilson and Cal 
Morris of Port Penn, 
Delaware pose with 

Atlantic sturgeon 
they caught in the 

Delaware River 
decades before the 
fishery was closed 

in 1998.

By Matt Fisher, Fisheries Biologist, 
Delaware Division of Fish and Wildlife

Credit: Delaware Department of Natural Resources and Environmental Control

Vote for your favorite fish on Facebook
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The Delaware River is endowed 
with exceptional aquatic resources. 
Not the least of these is the 
American shad, a migratory fish 

which has been valued for its flesh and 
roe (eggs) since Colonial times and 
remains a popular sport fish to this day.

In the late 1890s, the Delaware had the 
largest commercial shad harvest of any 
river on the Atlantic Coast, with up to 19 
million pounds 
harvested in 
a given year. 
Currently, 
there is some 
commercial 
harvest of shad 
in the estuary. 
However, 
harvests in the 
Delaware are 
well below 
historic levels, 
as they are 
coast-wide due 
to population declines. The good news is 
that, relative to many other rivers over its 
historic range, the American shad popula-
tion in the Delaware is strong and show-
ing improvement.

American shad are members of the her-
ring family. They are considered a key-
stone species in the Delaware because 

many other species, both aquatic and 
terrestrial, benefit from their presence and 
lifecycle. Adult shad spawn in the late 
spring and early summer as they swim 
from the ocean up the river to Hancock, 
New York and beyond. They also spawn 
in tributaries which are not sufficiently 
blocked by dams that prevent their access 

to suitable habitats. After spawning, some 
adults make it back to the ocean and will 
return to spawn in the future, but many will 
perish after spawning.

Only a small percentage of eggs pro-
duced by spawning shad actually hatch 
into young fish. Many eggs are consumed 
by other fish species, which eagerly await 
a free lunch of shad “caviar” as the eggs 
drift with the Delaware’s flow. Eggs which 

do survive 
will hatch 
after about 
three days 
into larval 
fish that 
resemble 
a pair of 
swimming 

eyeballs (see picture). As the “larval,” or 
baby shad find suitable plankton upon 
which to feed, they grow into finger-
ling-sized fish. These reach a size of about 
four inches in late summer and early fall 
as they begin their long swim down the 
Delaware toward the Atlantic Ocean.

At this point in their lifecycle, schools of 
young shad can be seen at dusk dimpling 
the water surface and actually jumping 
out of the water like river popcorn. This 
phenomenon can be experienced in many 
places along the Delaware, including the 
Delaware Water Gap. This behavior of 
the young shad rings the dinner bell for a 
host of other characters on the river, such 
as striped bass, smallmouth bass, and 
numerous species of fish-eating birds. It is 
also at this life stage that fishery biologists 
on the Delaware take advantage of the 
presence of fingerling shad referred to as 
“young-of-year,” or YOY.

As YOY congregate at certain spots 
along the river, biologists use nets called 
seines to capture the YOY so they can 
be measured and counted. This has been 

done annually since 
the 1980s, therefore 
the numbers of YOY 
captured can be 
used to show how the 
American shad popu-
lation is trending over 
time. This trend is then 
used by the Delaware 
River Basin Fish and 
Wildlife Management 
Co-operative to guide 
conservation efforts for 
the species.

Finally, many anglers 
anxiously await the 
annual adult shad 
migration on the 
Delaware. Many use 
lures called flutter 

spoons or shad darts to entice these 
hard-fighting fish to strike. A little skill 
peppered with some luck and a good 
location is the recipe for a day that will 
not soon be forgotten on the Delaware in 
the company of a friend or two and that 
silvery traveler, the American shad. ■ 

American Shad, Once a Colonial Staple, 
Continues to Recover

A female American shad is captured in the Delaware River 
outside Sparrow Bush, New York during the spawning 
season of 2009. The record for this region’s biggest shad 
was set in 1984 by Charles Mower (not pictured) who 
caught a Delaware River fish weighing just over 11 pounds.

Credit: U.S. Fish and Wildlife Service

By Jerre Mohler, Delaware River Coordinator,  
U.S. Fish and Wildlife Service’s Northeast Fishery Center

Credit: Darl Bickel

Baby, or “larval,” 
American shad

Vote for your favorite fish on Facebook
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Experts Tracking Comeback 
of Sensitive Stripers
By Russ Allen, Supervising Biologist, New Jersey Division of Fish and Wildlife

Nothing gets an angler’s heart 
racing like a trophy striper on 
a tight line. Striped bass are 
found throughout the Delaware 

River Basin, from “the Rips” at the mouth of 
Delaware Bay throughout the freshwater 
areas of the Delaware River — even into 
New York! Striped bass fishing is an excel-
lent way to enjoy some quality time on the 
water with family and friends. However, 
as reported in the “State of the Delaware 
Estuary 2012” report (September), it wasn’t 
always that way.

Striped bass experienced a resurgence 
during the 1990s throughout its range, 
especially within the Delaware Estuary. 
For the Delaware, water pollution was the 
key factor keeping the population at low 
levels. As water got cleaner, it resulted in 
an increase in dissolved oxygen levels. 
Therefore, the stock improved rather quickly. 
By 1998, the Atlantic States Marine 
Fisheries Commission, which oversees the 
management of striped bass along the East 
Coast, declared the Delaware striped bass 
stock to be restored.

The states of New Jersey, Delaware and 
Pennsylvania all play key roles in man-
aging and monitoring striped bass within 
the estuary. From developing estimates 
of abundance on the spawning grounds 
in the spring to estimates of the resulting 
young that survive throughout the summer 
and fall, researchers can aptly predict 
how the stock is faring. There are also 
assessments of the recreational and com-
mercial fishing industries (New Jersey and 
Pennsylvania do not allow commercial 
striped bass fishing). This includes con-
sumption advisories (limits on eating) that 
still linger due to pollution in the Delaware.

Our most informative index is the “young-
of-year” index collected by the New 
Jersey Division of Fish and Wildlife. 
Incidentally, a young-of-year is a fish that 
is not yet one year old by January 1. This 
survey records the average number of 
young-of-year collected at seining (net-haul-
ing) sites along the tidal Delaware River 
between August and October.

Striped bass abundance is highly variable 
and can be strongly affected by environ-
mental conditions. Since the beginning of 
the survey in 1980, 
high abundance was 
measured in 1993, 
1995, 1996, 1999, 
2000, 2003 and 
2009. Low abun-
dance was identified 
from 1980 to 1988, 
and also in 1991, 
2002, and 2006. 
Preliminary analysis 
for the 2012 survey 
indicates another 
low-abundance year, 
mostly due to early 
season drought con-
ditions.

As long as favorable environmental con-
ditions for spawning occur and good 
management practices continue, the results 
from the survey indicate the Delaware 
River striped bass stock should thrive in the 
near future. It is factors such as droughts, 
hurricanes and climate change that make 
the management of striped bass difficult. 
Other factors, such as natural deaths, also 
play a key role in the strength of the spe-
cies. The Delaware River does not have 
the bacterial outbreak of mycobacteriosis, 
which has been a deterrent for continued 
growth in the Chesapeake Bay.

As for fishing for striped bass in the 
Delaware, make sure you are aware of 
the various regulations on size, bag and 
season restrictions. Each state regulates 
their fisheries a little differently, including 
Delaware having the only commercial fish-
ery. Ignorance of the law is no excuse.

Detailed information is available on the 
Internet. Visit http://bit.ly/126AdGx to 
learn mo re about striped bass in the 
Delaware River and http://bit.ly/VOwzh9 
for details on striped bass in the Delaware 
Bay. ■
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Russ Allen of 
the New Jersey 
Division of Fish 
and Wildlife lifts a 
striped bass during 
the annual striped 
bass tagging survey 
in Delaware Bay. The 
state record for a striped 
bass was set in 1982 
by Al McReynolds (not 
pictured) with a striper in 
excess of four feet and 78 
pounds.

This graph shows the average number of striped bass, or 
“rockfish,” under one year old per sample. This tells scientists 
how the youngest generation of striped bass is doing over time.

Credit: Priscilla Cole of the PDE
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In 2012, the Partnership for the Delaware Estuary (PDE) 
introduced a program to encourage communities across the 
Delaware Estuary region to “Take Action for Weathering 
Change!”  Four communities — Lewes, Delaware; Maurice River 

Township, New Jersey; Chester, Pennsylvania; and Wilmington, 
Delaware — signed onto a statement demonstrating their commit-
ment to plan for changing weather conditions to better protect res-
idents, clean water, and natural resources. But good planning isn’t 
the only thing these communities have in common. All four were 
projected to be in the path of Hurricane Sandy.

The largest of the four communities, Wilmington, Delaware, 
evacuated homes and businesses (including the PDE office!) and 
survived the hurricane with minimal damage. But stormy weather 
always creates some complications for Wilmington’s drinking 
water.

The Brandywine River is normally the source of the city’s water, but 
when it gets too stirred up, Wilmington has to pull from the Hoopes 
Reservoir instead. According to Water Quality Manager, Matt 
Miller, switching water sources is protocol, but this carries with it 
some challenges, including higher energy and chemical costs.

“You plan for times where you have these challenges,” Miller 
explained, “but you don’t plan for them to happen all the time.” 
Miller went on to say that there is no question that “Our [water] 
supply is impacted by these extreme weather events.”

For Lewes, Delaware, Hurricane Sandy served to highlight what 
the town is doing well and how it could be better prepared in the 
future. While Lewes did have some serious beach erosion and sig-
nificant flooding in low-lying areas, all in all, it fared well.

Lewes Mayor, Jim Ford, a member of his town’s Mitigation Planning 
Team, stated that, “The fact that we studied and were aware of 
what to expect — that helped us to be prepared.”

Even still, Lewes is planning a post-storm assessment focused on 
improving its emergency-management strategy and closing knowl-
edge gaps. Ford urges coastal residents facing extreme weather to 
take initiative to be prepared.

In Chester, Pennsylvania, city officials took precautions and evac-
uated residents in low-lying areas. Fortunately, the city emerged 
mostly unscathed.

William Payne, Chester’s city planner, said that, “Although we did 
not get hit the way it was forecasted, we’re still going to take it 

very seriously; the change in…extreme conditions. [We’re] Trying to 
develop the proper tools and measures to preserve property.”

Chester is currently undergoing a planning process, led by 
Pennsylvania Sea Grant, aimed at making the city more resilient 
to future weather extremes. According to Payne, things are “going 
very well with the planning process. When you create a vision for 
the city, there are a number of elements to be considered…we want 
to enhance the quality of life.”

Maurice River Township experienced the most damage of our four 
Weathering Change communities. With 45 homes and six busi-
nesses somehow impacted by the hurricane, and a breached dike 
that flooded critical roadways, the township sustained millions of 
dollars in damage. When asked if the hurricane changed her per-
spective, Mayor Kathy Ireland responded that the storm reinforced 
the town’s commitment to planning for extreme weather.

“We need to work more with nature to help control the situation,” 
she said. Ireland went on to explain that working now to protect 
resources for the future makes “for a better environment, better 
safety. It’s healthier for the water and the land and the people. It’s 
the right thing to do.”

For more information on the PDE’s Weathering Change program, 
please e-mail Sari Rothrock at SRothrock@DelawareEstuary.org or 
visit DelawareEstuary.org. ■

A home in Maurice River Township, New Jersey is surrounded by 
water and debris driven from the Delaware Bay onto shore during 
Hurricane Sandy on October 30.

By Sari Rothrock, Science & Policy Fellow, 
Partnership for the Delaware Estuary

SPECIES SPECIFIC TIDINGS NEWS FROM AROUND THE REGION

Communities Take Action for Weathering 
Change…and Hurricane Sandy

Credit: Mayor Kathy Ireland
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Nothing Fishy About Planting Natives

Employees of Logan Generating Company pose for a photo on 
May 10 after seeding about two acres of land once plagued by 
invasive plants in Logan Township, New Jersey. This has since 
blossomed into a riverside meadow that benefits local wildlife.

Credit: Logan Generating Company

KyLee MacAvoy (left) and Sarah Pottorff (right), both of Millville 
High School in New Jersey, install native plants in a new rain garden 
located at the City of Millville’s Water & Sewer Utility on September 
27. This will help to absorb runoff before it flows into the nearby 
Maurice River.

Credit: Laura Whalen of the PDE

In 2012, members of the Corporate and 
Community Environmental Stewardship 
Program (CESP) worked with the 
Partnership for the Delaware Estuary 

(PDE) to improve their landscapes. They did 
so by making their landscaping more func-
tional and more beautiful using native plant 
gardens. The following are descriptions of 
what some of these companies and com-
munities are doing as Delaware Estuary 
environmental stewards.

Logan Generating 
Company has been 
a CESP member for 
over 10 years. This 
company is continuing to maintain and con-
serve its surrounding natural resources by 

restoring its property along the Delaware 
River. The project at the Logan Generating 
Station in Logan Township, New Jersey, 
consists of 31 acres of fields. These fields 
were converted from agriculture to wildlife 
habitat by planting trees and shrubs, start-
ing in 2002.

In 2012, Logan Generating completed 
a successful meadow planting on a cou-
ple acres of land that was covered with 
invasive plants a year ago. The meadow 
now consists of native plants, such as pur-
ple coneflower, common yarrow, switch 
grass, and big bluestem. Because of its 
success, the employees plan to expand this 
meadow next spring.

The City of Millville, 
New Jersey, joined the 
CESP in 2012 with the goal 
of reducing polluted runoff 
entering the Maurice River. In September, 
the PDE worked with the city to design and 
install a rain garden at the Millville Water 
& Sewer Utility. Teachers and students from 
Millville High School’s Gifted and Talented 
program also volunteered and planted over 
800 native trees, shrubs, and perennials in 
the rain garden. Employees from the City 
of Millville excavated and prepared the 
rain garden, and they also installed deer 
fencing to protect it until the plants are 
established. They are currently working on 
an educational sign to explain the benefits 
of rain gardens.

By Laura Whalen, Restoration Coordinator, Partnership for the Delaware Estuary

CORPORATE ENVIRONMENTAL 
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continued on page 14

Nothing Fishy About Planting Natives

Volunteers Jessica Golden (left), Carolyn Magnotti (center), and Maggie Myers 
(right) team up to help build a rain garden in Glasgow, Delaware’s Glasgow 
Park on June 12. This project will show visitors how rain gardens absorb runoff 
from nearby roads, pathways, and other unnatural surfaces.

Credit: Laura Whalen of the PDE

Vicki Land (left), David Langseder (center), and Wes McNealy 
(right) of Delmarva Power plant one of 80 trees installed 
on September 24 at Fox Point State Park in Wilmington, 
Delaware. These, together with 40 others planted nearby, will 
help to absorb runoff before it can carry contaminants into the 
nearby Delaware River.

Credit: Laura Whalen of the PDE

CORPORATE ENVIRONMENTAL STEWARDSHIP

Last year, New Castle 
County and the PDE 
worked together to com-
plete the first of three 
rain gardens near the Christina River in 
Delaware. This was made possible by a 
grant from the Delaware Clean Water 
Advisory Council. The rain garden is 
located in Glasgow Park and collects rain 
water running off the nearby road and 
walking path. 

New Castle County employees excavated 
the rain garden, and volunteers came out 
in the pouring rain to plant native shrubs 
and perennials. Two more rain gardens will 
be installed at Christina High School and 
Ashland Nature Center later this year. 

New Castle County is also continuing to 
enhance its stormwater ponds. It is doing 
this by adding native wetland plants, like 
the first two it improved in Hockessin, 
Delaware last year, and providing educa-
tional signage at these project sites.

Janssen Biotech 
has been a CESP 
member since 2008. 
In 2011, employees sponsored and planted 
a native sensory garden at The Schuylkill 
Center for Environmental Education featur-
ing several hundred native trees, shrubs, 
and perennials. In 2012, Janssen Biotech 
planned an additional rain garden at The 
Schuylkill Center. In 2013, they will com-
plete both gardens. The sensory garden 
engages children of all ages to explore 

using each of their five senses. The rain gar-
den will help capture and filter runoff from 
the center’s roof and parking lot.

Noramco’s 
planting at 
Bellevue State Park in Delaware is thriving 
this year. The park needed help removing 
invasive plants from the grounds and replac-
ing them with natives like winterberry and 
black-eyed Susans. Noramco employees 
worked with the PDE to remove the last of 
the invasive plants from the site and plant 
over 700 new native plants. Noramco, a 
CESP member since 2005, is hoping to 
enhance another area with a native plant-
ing next spring and also enhance its own 
property in Wilmington.
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Wheelabrator 
Gloucester 
is located on 
153 acres on the shores of the Delaware River. This property 
includes a variety of habitat types, including grasslands, forests 
and wetlands. As part of the Wildlife Habitat Council’s Wildlife 
at Work program, the six-person, Wheelabrator wildlife team 
actively manages 30 acres of the site for habitat enhancement 
and restoration.

Wheelabrator is also continuing its environmental symposium pro-
gram. Through this program, Wheelabrator employees work with 
a local school, West Deptford Middle School, to educate the 
students on environmental issues. The students prepare and pres-
ent an environmental project at an annual convention, where they 
compete against other schools from across the East Coast.

Pepco Holdings, Inc. 
worked with Delaware State 
Parks and the PDE to complete 
a tree-planting project at Fox Point State Park in September (see 
photo on page 13). Employees planted over 80 native trees in 
the park to provide more wildlife habitat. These trees will also 
help filter or remove pollutants before they reach the Delaware 
River next to the park. About 40 additional trees were planted at 
Bellevue State Park’s Cauffiel House to enhance the property’s 
habitat for birds and wildlife.

PSEG recently joined the CESP and is 
planning a rain garden on their property 
at the Energy & Environmental Resource 
Center in Salem, New Jersey. This center has many interactive 
displays and is a community resource for school groups, meet-
ings and gatherings. The rain garden will be an additional edu-
cational tool for the public to learn about the pollution caused 
by contaminated runoff and what can be done to reduce and 
clean it up.

CESP Eco-excursion
Each year, CESP members go on an Estuary Eco-excursion to 
explore different parts of the estuary, network, and learn about 
each other’s environmental efforts. In September, the group 
canoed down the Brandywine River looking for freshwater mus-
sels and other wildlife along the way. The Mt. Cuba Center then 
provided a walking tour of their beautiful grounds. This allowed 
the group to learn about the variety of conservation, restoration, 
and research projects the nonprofit, horticultural institution is 
undertaking.

The PDE’s Corporate and Community Environmental Stewardship 
Program is truly unique. It provides corporations and community 
members with the opportunity to work with the PDE to create 

powerful volunteer opportunities while bettering the environmen-
tal health of their corporate campus or community. These environ-
mental stewards combine technical assistance from the PDE with 
corporate or community funds and manpower to make tangible, 
environmental improvements in the Delaware Estuary region.

For more information or to join the CESP, please contact 
Karen Forst at (800) 445-4935, extension 101, or KForst@
DelawareEstuary.org. ■ 

Nothing Fishy About Planting Natives 
continued from page 13

Invasive plant: A species that does not occur 
naturally in a specific area and whose introduction 
is harmful to native plants and wildlife.

Rain Garden: A shallow depression that 
collects water running off a roof, driveway, or 
other paved surfaces. These help to keep water 
clean by filtering polluted runoff before it flows 
into local waterways and sewers. Log on to 
RainGardensfortheBays.org to see examples, 
step-by-step instructions and more.

Lingo You Ought To Know

Premium members

basic members

Whitman, Requardt & Associates, LLP
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ESTUARY EVENTS
Science Saturdays
Saturdays in February and 
March, from 2 to 4 p.m.
Philadelphia, Pa
Get your fishing fix at the Fairmount 
Water Works Interpretive Center, 
where programs will include Fish 
Over Winter in February and Fishin’ 
Around in March. These free, half-
hour events will take place every 
Saturday at this riverside museum, 
which is located at the south end of 
Boathouse Row. Please call (215) 
685-0723 for details.

Greater Philadelphia 
Outdoor Sportshow
February 14-17
oaks, Pa
Prepare for an adventurous year 
outdoors by attending the Greater 
Philadelphia Outdoor Sportshow. 
Children will especially enjoy 
Family Day on Sunday, February 
17. That’s when they can partici-
pate in a casting competition, fish-
ing simulator, and scavenger hunt. 
They can even test their skills at the 
catch-and-release trout pond (small 
fee). Visit http://SportShows.com/
philly for tickets and details, includ-
ing a coupon for $2 off weekday 
admission.

Featured on 
ecoDelaware.com
Intro to Fly-fishing
February 25 at 7 p.m.
Newark, De
See if fly-fishing is for you during a 
free introductory class at the Judge 
Morris Estate hosted by the Friends 
of White Clay Creek State Park. 
This program will be followed by a 
7 p.m. fly-tying class on March 4, 

which is also free. Please call (302) 
368-6900 to reserve your spot by 
February 22. And feel free to bring 
your own gear, if you have any. If 
not, don’t worry. Fishing equipment 
is not required to participate.

Trout Show
March 14 at 7 p.m.
wayne, Pa
Improve your chances of hooking 
Pennsylvania’s official fish, the 
brook trout, at the annual Trout 
Show hosted by the Valley Forge 
Chapter of Trout Unlimited. Visitors 
to Valley Forge Middle School will 
enjoy displays, merchandise, raffles, 
travel opportunities, and a featured 
guest presenter: Orvis-endorsed 
Fishing Guide and Instructor, Mike 
Heck. Log on to ValleyForgeTU.
org for details. All proceeds will be 
used for environmental restoration 
and protection of the streams in 
northern Chester County.

Late winter will feature two 
opportunities for professional 
development within a span of 
just six weeks. These include the 
annual conferences of the envi-
ronmental education associations 
in Delaware and Pennsylvania. 
Please log on to each website 
below for further details.

Immersed in Nature
Delaware Association 
for Environmental 
Education
March 2
hockessin, De
DAEEOnline.org
Peak Experiences: Climbing the 
Summit of Environmental Education
Pennsylvania 
Association of 
Environmental 
Educators
March 15-16
Bushkill, Pa
PAEE.net

Credit: Flickr user T.C. Davis, or “tcd123usa”

Red Clay Valley Clean-up
March 23, from 8 a.m. to noon
greater hockessin, De
Start your spring cleaning outdoors 
for a change. Participate in the Red 
Clay Valley Clean-up, now in its 25th 
year. Sites will range from Kennett 
Square, Pennsylvania, where the 
creek’s east and west branches meet, 
to Stanton, Delaware, where it emp-
ties into the White Clay Creek. Visit 
RedClayValley.org for details, or call 
(610) 793-1090 to register. Gloves, 
vests, trash bags and refreshments will 
all be provided. ■

Credit: Flickr user The Wild Center
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