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ARSTRACT

Mary Eeth Simpson - Enhancament of Coastal Dredge Diaposal
gites to Create Habitat for Endangered,
Threatened, and Protacted Species
Advigor; Gary Pattersom
Environmental Education (1996)

As human activitiss and development alomg the shoraelins
continua 1o increase, more and more wildlife habitat is lost,
leaving many spacies With a precaricus prospegt for survival.
Biologists and environmentalists are continually exploring
optionsd which may prevent plants and animals from becoming
extinet. Strategic plecement of new sites is becoming
increasingly valuable as & management tool.

The purpose of this study was to develop a plan tor
enhancemant of a cluster of dredged matarial islands, in
order to create suitable habitat for four endangered,
threatened, and protacted animal species.

Four dredged material islands were agseszsed for
suitability. Surveys were conducted on these islands to
establish data on their composition and inhabitants.

Extensive research was dona on the beneficial uses of
dradgad material, and numerous projects were reviewad,

The habitat neads of bhlack skimmers, dizmondback
terrapins, least terns, and piping plovers were studied, and
a succeessful colony site was visited and obgerved. From these
gtudies gnd observations, comparisons were mads hetwesn the

existing study site, and sites where the target species were



colonized and/or nesting.

Tha author determined the main aspects of this
enhancement project to bke size, shape, elevation, substrate,
vagetation, predators, timing, monitoring, and maintensance,
and made final recommendations, drawn from research and fielgd

work, concerning each of these considerations.



MINI-ABRTRACT

HMary Beth Simpson - Enhancement of Coastal Dredgs Disposal
Sitas to Create Hahitat for Endangered,
Threatened, and Protected Species
Advisor: Gary Patlersoen
Environmental Education (199%96)

In this study, an environmantal inventory Was conducted
on four dredged material islands, and the hablitat needs of
four endangsred, threatened, and protacted species wers

reszarched, A1l data was compiled to develop 2 plan to

enhance tha study site for habitat use by the target species.
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Chzpter Dre

TNTRODUCTTON

The United States Army Corps of Enginsars (USACE) is
responsible for mzintaining navigability aof 25,000 miles of
intraccastal walerway (U.5. Army Corps of Enginsers, 1995}
from Maine to Florida. In order to gucassafully 40 2o 1t 1s
wariadically necessary to dredge certaliln areas to kesep the
channels deep enough for boat passage. In carcying out this
responsibility the dredge spoils create artificial islands
within =8lt marshes along the courses of the intrecoestal
waterway. There are bastcally tvwo tvypes of lslands created:
rectangular, steep sided heaps: and mounds of dredge spoil

with ne defined boundaries {Scrignmoli, 1995) (fioure 5).

The dredging cf these waterways has been going on faor
approximately 20 years (Lelephone interview: Scrigoell,
188R). Consaquantly our «oeastal galf marshss are dotted with
large numbers of dredge disposal islands of vwarying ages and
sizes., Thege islands have not been meneged. Until recently
the Corps of Englnears {(COE) was never congernad abhout what

flora and fauna, if any, were making use of thesae sitas



(Wood, 1995a).

Presently the Army Corps of Bngineers geeks to manage
these spoils in ways which will improve their value to the
marsh ecosystem. They are currently looking for ways to use
thage sites that will be environmentally bheneficial (Weoed,

19985a)(Hecht, 1995),

PROBLEM

According to Eric Shrevding, a Wildlife Biologist for
the U.5. Fish and Wildlife Service, to his knowledge, a plan
to enhance a dredge speil site along the New Jersey coast,
for use by endangered, threatened, and\or protected species,

nze never before been developed.

PURPOSE

The asuthor propocses to undertake a pilot atudy of a
cluster of mound disposal islands located on the northern end
of Gull Island, at the entrance of Great Sound, Middle
Township, Cape May County, New Jersey, in order to develop a
plan that will ¢reate suitable habitat for several species of
Federal and State Threatened and Endahgered species of birds,
(namely the black skimmer, the least tern, and the piping

plover) and the diamondback terrapin, which is protected by



the statez of Few Jersay, and Wwhosfe populaltions are declining.

{Wood, 158%5; c).

SIGNIFICANCE OF THE STURY

Thia projact is both significant and important to do
because suitable nesting habhitat for thé braviously listed
gnecies ie becoming increasingly scarce as a result of
apagtal developnent and shoreline stabilizaticon (Heecht,
1995}, If th% anthor's atudy indicates it is possibls to
modify dredge disposal islanda into prime nesting habitat,
Lhere will be z new potential source of habitat which may
anable these populations to survive.

Tha aritical problem facing a number of Federal and
Ztate Endangzred species, including those previocusly
gpecified, i=s lack of suitable nesting haritat {(Helmars,
1992} . At ]lesast one other bird species, the common terﬂ - not
vet formally listed - appaarda to he rapldly diminishing for
the same reason (Jenkins, 1995). Moreover, a State Protected
gpacdies ¢f galimersh dwelling reptile, the northern
diamondback terrapin, is declining in numbers, at least in
vart, due to loss of suitable nesting habitat (Wood, 1585;
aj.

The significance of thig study 1= actually two fold, ==
there is an ongoing gquastion as to what to do with the waste

from dredge arcas.



AGSUMPTIONS AND LIMITATIONS

The assumption of this project is that if this atudy

suggests that it is in fact posesible end worthwhile to modify

caid specific dredoe disgpogal sites, Lhen the findings for

this thesis preject will have a much widar applicability teo

other gsimilar sites slong the mid-Atlantic coast, and will

provide more nesting areas for spacies that pead tham.

It is assum=d that what this author is doing for her

thasis i3 merely one siep in 2 severgsl step process which

would include gatting the funding, permits, and so on that

would lezd to the actuzl modification of the island.

Bevond that, assuming that the dredge sites are

nodifiad, it would take severzl yesars to determine if the

target scecias are using thege siteg for nesting.

It is furthar assumad that;
The author has sufficient background, Enowledge, interest,
and capakility Lo carry out this project:
This study, involving a thorough raview of related
literature, vigiting existing nesting sites of target
smecias, and dolng the necezsary field work on the dredge
spoil islands, can be done within the given time frame,
which is two semesters: and
The financiel coets will not exceed what the author is

able to provide.



This prqject Wwill be limited to:

2. the habitalt needs of the black skimmer, the lezst tern,
the piping plover, and the diamondkack tarrapin;

2, the time and space available to do the ressarch within the
Lime frame of the '95-'96 academic school year;

3. being site specific to the four dredge spoil islands
located on the north and of ull Island in Great Sound,
Cape May County, New Jersey: and

4. The support and aszigstance provided by the author's

mentor, Dr. Roger Woaod.

This i1s not 2 marsh restoration study such as tha one
dtone on brag Island on the south =nd of the Gardgn State
Parkway, or as in the study heliny proposged for the Delawars
Bzy Coast by Public Service Electric and &as. This author is
not preoposing Lo convert an ares back into a szlt marsh, as
has baan done in these atudles, Rather, this auvthor's focus
is on enhancing a designated area as nasting gites f{or

various endangercd, throzatened, and protected species.



DEFINITION OF TEEMS

Barrier islands. Islands in the ccean that are close to the
coast and parallel to it. They act as natural buffers to

ocean storms and tides (Kane et al., 1992).

Bepneficial uses. Placement or use of dredged material for

some productive purpose (U.5. Army Corps of Engineers, 1992).

Colonize. The process by which a species of plant or animal
enters an area not previously occupied by that species and

establishes itself (Kane et zl., 1992).

Crustacean. A member of the subphylum of the anthropods
characterized by mandibles, antennae, and modified
appendages. Inciuded in this category are lobsters, crabs,

barnacles, and shrimp {(Kane et al., 1892).

Detritus. Dead and decaying plant or animal matter {Western

Regional Eanviranmental Education Council, 1987}.

Disposal site or area. A precisze geographical area wibthin
which dispoesal of dredged material occurs (U.8. Army Corps of

Engineers, 1992).

Dredaging. To remove sediment from our waterways and harbors

(U.8. Army Corps of Engineers, 1995).



Dredged material. Matefial excavated from waters of the
United States or ocean waters. The term dredged materizl
refers to material which has besen dredged from a watar hedy,
while the term sediment refers to material in a water body

prior to the dredging process (U.S5. Army Corps of Engineers,

1992).

Endangered species. A species threatened with extinction or

eXtirpation (Kane et al., 1992),

Enhancement. An activitvy increasing one or more natural or

artificial wetlands functions {Jones, 1993),

Environmant. An organism’'s living and non 1iving surroundings

that affect and intluence it (Kane et al., 18%2).

Extinct. Describes a plant or animal no longer existing as a
Tiving &pecias. Extinaticn ocoura when the last individual of
the species dies (Kane st al., 19%2}).

Bxtirpated. Locally extinct, that is, extinct in = particular
state or county, but perhaps still present elsewhecre {Kane ot
al., 1992).

Fauna. Animals, az= opposed to plants (Kane et al., 189%2).

Flora. FPlants, as opposed to ahlmala (Kane et al., 19492).



¥ledging. The production of a complate set of flight fsalhere
which enable the voung bird to leave the nest (Kane et al.,

19%2).

Forage, The act of an animal searching for food (Kane &t al.,

1893).

Habitat. The natural anvironment of sn orgsnism where it most
usually finds the food, water, shelter, and space it needs to
Tive 1tg full life cycle and reproduce others of its kind

{Kana at al., 1932),

Eerbicide. A chemical or combination of chemicals that kXills

plante [Kane et al., 18%9%}.

Marsh. A non-—weodad, parmanent, usually well-drained wetland

[Kane et al., 1599Z2).

Mitigalion. Consists of those mezsures taken to avoid,
ninimiza, or compensate for adverse environmential impacts.
Mitigation measures &re authporized by Congress, or approved
by tha United States army Corps of Ehgineers, Lo cocmpensate
for ecological resources unsvoidably affacted by a Corps

project or activity (U.S. Army Corps of Engineers, 19597).

Nestling. A recently hetched bird that has not vet abandeoned

the nest (XKane &t al., 19%2).



Piracy. The harassment of one hird by another in order to

force the first to give up food (Ehrlich et al., 1988).

Plastron. The lower porticon of a2 turtle shell (Wetlands

Institute, 1994).

Predator. An animal that kills and eats other animals (Xane

et al,, 1992).

Sea wrack. Dead vegetation along the shoreline: zlso called

wrack line or wrack mat (Gochfeld & Burger, 1994).

Site tenacity. The tendency to return each season to the same

nesting site (Ehrlich et al., 1988},
Species. A populaticn of individuals that are more or less
alike znd are akle to interbresd and produce fertile

offspring under natural conditicns (Kane et 21., 1992).

Spoil. Commonly used term for dredgsd material: in most cases

2 misnomer (U.S. Army Corps of Enginesrs, 19%95).
Swale. Low place in a tract of land (Flexner, 1993).

Threatened spe¢ies, A species wheose survival is in danger of

becoming endangered or extirpated (Kane et al., 1992).



Upland. An area that is high and dry (Kane et al., 1992).

Wetland creation. The establishment of a wetland community

where one did not previously exist (Jones, 1993).

Wetlands. Areas that are inundated or saturated by suriace or
ground water at a freguency and duration sufficient ta
support, and that, under normal circumstances, do suppert a
prevalence cf vagstation typically adapted for life in
saturated soll conditions. Wetlands generally include swamps,
marshes, bogs, and similar areas (U.S. Army Corps of

Engineers, 1992Z).

i¢



Chapter Two
KEVIEW OF RELATED LITERATURE

Variocus prejects have been undertaken to modify and/or
restore fresh and salt water wetlandsz, None of them are
directly comparabkle to this study. Howavar, some compohants
of these have a bearing on this author's study site and its
oroposed modifications.

Much ot the relevant literature on this topic is in the
form of techknical documents and reports as opposaed to farnal
scientific publicationg in journals. As the author worked
toward developing a plan to enhance a dredged material site
for use by endangered, threataned, and protected species, =he
reviewed literature on dredging, beneficial ﬁses of dredged
material, various mitigation projects, marshes and sstuaries,
and Lhe habitat needs of the black skimmer, the diamondback
terrapin, the laast tern, and the piping plover.

This chapter is divided into four sections including:

I, Marshes
L. history
B, destruction of
C. values
II. Iredging
A, history

11



B, beneficial use
III. Case studies
IV. Taryel Species
A. black skimmer
B. least tern
C. piping plover
I, diamondbeck Lerrapin

I. Marshes

Lock how the grace of Lhe =ea doth go

About and about through the intricate channels that flow
Here and there

Til his waters heve fiooded the vttermost creeks and

the locw-lving lanes,

And the marsh is meshed with 2 millien veins

That like as with rasy and silvery esgences flow

In the rose snd silver evening glow.

The craeceks overflow and a thougand rivalets run
"Twist the rools of the sod; the blades of the marsh
grass stir:

Paasath a2 hurrving sound of wings that westward whkir;
Passeth, and zll is still; and the currents cease to run
And the sez and the marsh are one,

The tide is zt his highest height

And it is night.

And now from the vasts of the lLord will the waters
of sleep

Fall in on the goulsg of men,

from
"Tha Marshes aof Giynn"
by
5idney Lanlier
There is no place on carth comparable to the salt marsh.
In the fragile balance belween land and sea esxists one of Lhe
nast productiva of habitats - "Supporting more 1ife per acra
thzn the richest of prairie lznd" (Hitchcock, 1972, p. 738} -
fartilized and <ultivated by the tide, To walk on ita great
flat expanse of meadow: to smell the richness of the

mudtiats;: to hear the wind blow through the reeds,. and the

flapping of winge on water; to watch the vast grasslands

12



flood - it 1s easy to understand how enormously these areas
have contributad to man, and so difficult to comprehend why

man would so ruthlessly destroy them in return,

The sites in thiz auther'a study are located on an
2lready existing arez of salt march called Gull Igland. Gull
isiand, which i= not an upland site, is located at the
entrance to Great Sound, in Cape May County. The four dredged
material sites, which are the focus of this gstudy, are
situated or this submerged island.

The author felt that the information reviewed in this section
was particularly relevant and important to establisk 2 solid
hackground. Eer study of the salt marsh proved to ba
extrenely bepneficial when she bhedgan her field work.

Johth and Mildred Teal give a compreh=nsive, hiatorigal
overview of marshland in The Life apd Deatbh of the JSalt Marsh
(1969). According to this work, irn the wake of tha last ice
cap our present sallt marshes were established when windblown
seeds began to sprout upon the rich soil. In the struggle
hatween soil and water the root system of Lhis new plant life
cventuelly began to hold the soll ia place. The seeds were
fertilized by rock flours rich in nutrients. The plants
flourished and grew in abundance. Migrating hirds, stopping
for refuge, dropped seeds that were carried in mud that had
dried on their feer. Some of these new ceeds germinated.
Grasges hegan to grow a2t the edge of the water where the land

bacame covered by the tides less than half of the time. A

13



tall coarse grass, Bparting glterniflora, grew =2t the mid-

tide level. Near the Lighk tide level grew Spartina patens, a

finer graszs. Other plants such as sea lavender and marsh
eléer would grow, but the Spartinag would remain prominent.
The salt marsh was firmly established.

According to Tezl and Teal {1%969%9) early man took only
what he needed for survival from the marsh. The highly
productive marsh provided more than enough for all. He
practiced ¢rop rotation, and fertilized with fish and
seaweed. Man learned from the marsh; things such as how to
£ind fish rce, by watching gulls carry a fish up te dry land
and slit its belly open and feed.

Europeans first met the Indians on the marsh. It is here
that the "uncorrupted epoch of the marsh ended" {Teazal znd
Teal, 1969, p. 24). From then on the future of the marsh was
in the hands of man, and according tc Teal and Tezl (1969),
it has not fared well.

Teal and Teal {(1968) give a detailed account of the
impact of humans on the marsh. In summary: Villoges GIew
guickly. Governments formed. As forests were removed,
white-tailed deer came onteo the marsh. Large birds of prev
declined. There were fewer osprey and bald eagles. Soil left
bzre began to ercde. Hay was overharvested in the marsh.
Birds were overhunted. Night hunters, who blinded their prey
with lights, brought home sacks full of waterfowl. Flocks
ware destroved. Laws were passed making hunting with lights

1llegal. The age of machinery was born. The railroad moved

14



in. The plundering of shorebirds finally saw the end of the
Passengay plygeon. Shorebhirds were plentiful and very tame. In
1840 Audubeon recorded it as common for a persaon to collect a
hundred dogen egge in one day. Bul hunting tock & terrible
tall. Evertually, a full dav's2 hunt would only sc¢ars up &
couple of birds. They hacams terrified‘of man's approaching
footstepe. PFinally, hunting was outlawed except for specified
times of the veary. Shorekird hunting was outlawed completely.

The marsh gradually became polluted from the wastes of
gummet colonies. The shores became greatly littersd. DDT was
introduced in 1943. Marsh pests, namaly grasnheads and
mosguitoes, were finally controlled, to some extant. But this
new mirzcle spray accumulated in the flesh of agquatic
orgeniens, and the birds eating them kegan to have trouble
raproducing. Othar hirds became agitatsed from the polison and
pfien destroved their own nests. Fragquantly edgs weare
infertile [Teal & Teal, 14969).

In Kew Jersaey the "gresn ribhoen of marsheg extends
almost the entire length of the coast, broken only by natural
estuaries and rivers" {Tecal and Teal, 156%, p. 69.) There are
gpprozimately 350 squere miles cf galt marsh in New Jersey.
The marsh is defined by the typas of plants which grow on it.
Most plants cannot live on a salt marsh. Those that can have
adapted to Lhe large concentretions of salt water and
oxygen-deficiant 5011 {Taal and Taal, 196%).

“Death in the Marsh" by Tom Harris (19%1) ig a

chronological summaliion of 8 journalist's tracking of

15



selenium, a natural, but lethal, trace element found in the
8011 of marshes. Thisz book outlines a firat-hend account of
an envirenmental tragedy concerning selenium that occurred in
North Dakota. While the main point of this book is not
relevant to thia gtudy, much of the focus throushout is on
marshes in general. This text does not provida tha higtory
presented by Teal & Teal (1969), but dees compare in citing
bagle marsh characteriatics as Harris (1991) progresses
through his chapters. ]

John Harding (1986), on the other hand, brings this
broad, general perspective closer to homa ag he zooms in on
The Delaware Estuaries and Jersey marshes, eloquently
defining the interrelationships among living things in the
biological gommunity. As is consistent with Peal and Teal
(1969) and Harrls (1991), Harding (1926} notaes the increasing
and disruptive role of humans in the system.

Far miliennia the marsh has fought back, and natura's
forces have more or less stayed in synchronization. But now,
in this battle that heas been waged for so long, man is
emerying the victor. Or i3 he? In an article by Stephen
Hitcheogk {1972) entitled, "Can We Save Our Salt Marshes?",
he mirrors writer John Teal's (1%6%) concerns for the future
0f the salt marsh when he asks, "Are we about to congquer
naturea, or aboul Lo conguer ourselves?™' (1972, p. 728).

Oonly two avants actually destroy salt marshes. One is
the erosion of the protective barrier beaches by wave action.

The pounding of the surf on the szalt marsh mads can wash them

16



away. The other is man (Hitchecack, 1972; Teal & Teal, 1%69).

The immirent dangers to marshes are not natural, but
canged by human astivities. Directly, we gestroy them by
dredging, filling, and building (Teal, 196%). TIndirectlv, we
destroy them by polluting. The battle between progress and
nature rages on.

Cil slicks from power boats ride the waler and settla ap
the mud flats. We dump sewage, garbage, detergents, heavy
metals, and worst of all pesticides (Tezl and Teal, 19569;
into our waterways,

it contrast to Teal and Teal's (1969) doomaday outlook,
Hitocheook ende his article on a morae positive note when h=
says, "The marshes are surviving, and if we all awaken to the
danger, it is not too late to 2ave them" (Hitcheock, 1872, p,
T65) . '

In "The Life of tha Warsh" (1986}, auvther William
Niering, prefessor of Botany at Connecticut College, strasges
tha vital interrelationships between plants, animals and the
physical environment. Where Teal and Teal {1969) explain that
only organisimes specially adapted to the macsh can Survive in
such & harsh environment, Niaring (1366) givesn detziied
descriptione of adaptations of marsh plants and animais. Ee
also provides in-depth infornation on food webs. Similar Lo
Teal and Teal {1969}, Niering emphasizes the impertance of
marshes to all citizaens, Additionally, he offers an
interesting account of the fur industry and its impact oo the

development of the West. In a ¢hapter entitled "Wetlands or
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Wastelands?" he compares the public view of marshes to its
actual priceless productivity. He contrasfs marshes to¢ other
valuable resourees, such a2s o0il wells and mines, stating, "A
properly protected marsh cannot be depleted” (p. 166). He
then goes on to discuss man's abuse of these productive
wetlands. This publication, that was printed in 194656, spells
cut the dangers and lists certain species such as the dusky
scaside gparrow and tha TFlorida sandhill crane whose
existence was, at that time, severely threatensd. This author
Wwazs left questioning man's priorities in light of the fact
that thirty vears have pasesed and in apite of such warnings,
the dusky gparrow and the sandhill crone are both now
extinct.

Alfred A. Porro, Jr., of Lyndhurst, New Jarsay
specializes in "marsh law". "Man is outWitting kimself", he
says. "Tachnology has taught us to conquer, and meny marshes
have lain undizturbed only bacause man at first couldn't
modify them. Now wetlands are prinme areas for development.
Scientiats 2ay - for natura's gake, and for nah's sake -
gon't blacktep it all. The scales must tip in Taver of
consarvation and restoraticn. Land for development must be
found elsewhere" (Hitchoook, 1872, ». 762).

dAccording to Hitcheock (1972) the marsh grass that

davelepers destroy, Spartina alterniflora, is the base of

marsh 1ife. Most marsh animals depend upon it., Itz rocts
apchor fast the marsh muds. Ha states biologista Auggest

thare may even be additicnal ways for man to mzke use of this
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food rich detritus, possibly as a potential faond source for
our own countyy.

Many people conzider marshes to be barren wastelands,
But according to the Western Regional Envirconmental Council
{1587) the salt marsh is an invaluable rasource, This claim
is supported by Rane, Rousselet, and Anderson {19%2).

These two texts parallal Niering's (1966) discussion of
the manhy values of the marsh. Countless numbers of birds are
dependent on sall marshes for nesting areas and food. Herons,
gulls, terns, and egrets are among the many species that aan
e found along the creeks at one time or ancther throughout
the vear. Ducks, hawks, and swans winter ih the marshes.
Thesze areas are Also extremely important to migrating birds.
In the spring and fall huge flocks of shorebirds settle in
£alt marshes to rest and {eed during migration. Terns, gulils,
rad-winged blackbirds, and clapper rails, among others, build
nests and raise thelr young in the salt marsh (Kane &t al,,
1992; Western Regional Envirenmental Council, 1987).

4 great variety of invertebrates #pend their lives in
the water and mud of the marsh. Some of these organisms
convert plant detritus, which 1g at the bottom of the food
chain, into animal protein, which may &nd up in & perigrine
falcon or evan a human, The muds are alive with snails,
muesels, whelks, periwinkles, and otLher crustaceans and
melivsks. Fiddler crabs are visible, Marsh pools are home to
Many =acuabtic turtles including the diamondback terrapi;_

Mammals, such as muskrats, rats, raccoons, volses, minks, and
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otiere also take up residence in the marshes (Kane et =z21.,
1983,

The distinct value of this habitat ig Further supporied
by Hitcheock (1972) and Wilson (1981) who state,
respectively, that without the marshes there would be no
fishing industry since more than 70% of all sport and
commercial fish spend part of their life cycles in the marsh.
Nearly zl1 of the seafcod caught along the sast coast owes
its existence to the salt marsh. In some areas, such as
Virginia, "as much as 95% of the annual commercial catch ig
murtured by the marshes™ (Hitchcock, 1972, o. 723).

Svartina patens, better Xnown as salt hay, which fed the

cattle of the early settlers, is still in demand today for
animal bedding and garden mulch. Thousands of acres of high
marsh in gs¢uth Jersey supply baled salt hay for the entire
coast (Hitcheock, 18572).

The salt marshes are natural barriers for residential
and commercial property {(Wilson, 1981). They also control
pollution by degrading and Tiltering out poliutants deposited
by iand runoff and rivers {Miller, 1555). Marshes zbsorb vast
quantities of pollutants which otherwise could contaminate
water (Jesuncosky, 1987).

The salt marsh is an important environment for numerous
reasons, including its obvious aesthetic and recreational
purposes. Theses vital, life-sustzining areas are threatered

by pollution and development.

20



II. Dredging

A technical paper the author found most useful in
gaining background on dredging and related projecis is
entitled "Concepts, History, and Examples of Beneficial Uses
of Dredged Materials", by Dr. Mary Landin (1992},
Historically, dredging dates back to the Phoenicians, who
hand-dredged their harbors and ports along the Mediterranean
Sea. In North America, as far back as before the War for
Americ¢an Independence, the settlers were dredging the river
estuaries of the Gulf and Atlantic coasts with crude
horse-drawn equipment. Most 1ikely all sea-farihg
civilizations who faced the problemg of too shallow waters
met this challenge with some form of dredging (Landin,
1882k} .

The U.B. Army Corps of Engineers (USACE) states that
while improving and maintaining havigability of waterways is
certainly a prime objective of dredging, there are other
reasons for dredging projects as well. Dredging can be usaed
23 8 means Lo remove polluted sediments and to alleviate
water stagnation. Dredging is also used to control flecding
by improving the flow rate of water in streams. Additionally,
dredging is used as part of the superfund restoration of
water quality at some sites (USACE, 1995).

By the turn of the century the United States Army Corps
of Engineers was dredging to maintain 25,000 miles of

waterway for transpert of people and goods (USACE, 19%5). In
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contrast to the undeniably serious disruptions to our natural
ecasystems caussd by dredging, it is important to note that
secondary to project ocbijectives many hakitat related
benaficizl uses have alszo occurred (Landin, 1992b}.

The author found it interesting that even though
dredging has been practiced for generations, it wasn't until
the 1970's, when congress enacted Public Law %91-611 {which
directed the USACE to study the effec¢ts of disposed dredged
material) that scientific information on the characteristics
of dredged material was ebtained, In z Corps of Engineers
{COE) publication entitled "Dredging is for the Birgs"™, it is
clearly pointed out that approximately 90 percent of the
material dredged is & "resource" that can be used
productively, rather than a contaminated substance a2 the
term "spoll™ might imply.

New alternatives for the disposal of dredoed material
and their consequences on the envirotment were studied under
the Predged Material Research Program (DMRP). The COE
continues this research at a presenlt annual eXpenditure of
$400 willion (Hatch, 1987). Most of this research is done at
the Waterwavs Experiment Station (WES) in Vicksburg,
Migssissippi. The author of this thesis has had the privilege
cf beirg in contact with some of the teople directly involved
Wwith this research, including Dr. Mary Landin, and has been
informed of the importance of long-range digposal marnagement
Plans. While the COE supplies funds and manpower to carry out

such prejects, they do not, for the most part, design the
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vlans.

Dr. Landin, who has been a reseasrch biologist with the
United States Army Engineer Waterways Ezperiment Station
since 1974, specializes in design and managemeont of dredged
material sites for natural resource development. Dr. Landin
is the author of more than 200 technical rapers, raports, and
bookes including the Engineer Manual on the beneficial uses
and applications of dredged material. These printed cocuments
have proven lnvelusble to this author.

Ihe conecept of "beneficial use”, or using dredged
material in a productive way, is not a new one. Dr. Landin,
in her report "Dredged Material: A Recognized Resource",
documents the history of uses of dredged material. She has
uncovered projects that were carried out before the
Revolutionary War, There have been many urban and commercial
benefits. In fact, Bogton and Annapolis were both built upon
dredged material, as well as parts of Baltimore, Washington
b.C., Philadelphia, and New York City. Manv of our preseni-
day airperts, including La Guardia and Waghingteon National,
ware bullt on dredged material (Landin, 1994).

Dredged material is also used to restore or develon
natural areas such as wetlands and bird nesting areas. Over
2000 acres of wetlands have been developed from dredged
material. Dredged material is used for shoreline
stabilization, beach nourishment, and lake and river
restoration (Landin, 1994).

Because people have viewed placement sites as "waste
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disposal areas", many of them have been left virtually
untouched. Free from human disturbance, these areas have
become naturally colonized by birds and plants and verious
other wildlife {Landin, 1994),

The USACE places approximately 400,000,000 cubic vards
of dredged material each vezr. This is enough to cover
Washington D.C., to a depth of 5 feet {Hatch, 1987}, It is
only in the last twenty years that it's been recognized as
baing so environmehtally usaful (Landin, 1994}, Knowing that
it can be usesd to sustain wildlife, and with such an enormous
amount of material to place, the USACE welcomes ideas and
plans for potentiasl projects. Henry Hatch, USACE Director of
Civil Works, in reference to alarming statistics on nation-
wide coastal habitat loss and reduced fishery landings
suggests that, "Instead of continuing to try to resclve
credged material dispegal problems and habitat loss Prohlems
separately, as we have done in the past, perhaps 2 better
approach would be to define to what extent the *wo issues can
ke resolved collectively" (Hatch, 1987, ©. 29},

Loss of wetlands as natural habitat is an
ever-increasing problem. Concerned environmentalists of
varied backgrounds arnd affiliations have heen and continue to
be exploring options and tryine to set in place plans to aid
ir this age-o0ld dilemma: the conflict betweern gevelopnent and
nature. As noted in "Dredging is for the Birds", spoil
iglands have been successfully modified in both Florida and

North Carclina and are presently used extensively by
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wildlife. This author has reviewed many case studies as
eéxamples of the beneficial uses of dredged materiai.

A COE file memo sent to the author by the Special
Studies contact person, Barbara Stratton, states:

"Seeiion 204 of WRDA 92 authorized the Army
Corps of Engineers to carry out projacts for
the protection, restoration, and creation of
Wwetlands and other agquatie habitats, in con-
nection with dredging for construction, oper-
ation, or maintenance by the Corps of an
authorized navigation project. The two major
benefits of this program are to restore
environmental resources and resclvs some
historic problems with digposal of dradgad
materizl."”

In other words, the purpose of a2 project under the
authority of Section 204 is to identify a beneficial use for
dredged meterial removed from a Federal navigation praoject,
which is bhoth environmentally acceptahle and economicélly
feasible. Thig memo also includes =z list of 47 arsas approved
for implementation. There are no New Jersey sites on the
list.

At the present time (in the U.3, waterways) there is a
acarcity of undisturbed, bare sand habital for species such
as the skimmer, tern, plover, and terrapin. Dr. Landin {18%4)
emphasizes the need for plans to be mads to develop these
islands beneficially by using one, or a combination of three,
techniques: habitat establishment, habitat manipulation, and
habitat preotection. Although manipulation is the most
commonly used technicgue (Landin, 1994), the author of this
study proposes to establish rew habitat, which is needed when

a nesting habitat is lacking.
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In chapter @ of Dr. Landin's Handbook of Dredging
Enginsaring, "Need, Construction, and Management of Dredged
Material Islands for Wildlife" (1992Ze), planning construction
i outlined and broken down to specifics inecluding: location,
timing, physical design, protective structures, size,
configuration, nesting substrata, elevation, and management.
These guidelinea will be of great use to this author in
chapter 4.,

As @ follow-up to this "how to" handbook, Dr. Landin's
publication "Achieving Success in Wetland Restoration,
Protection, and Creation Frojects" discusses measlring
guccess or failure of a project. 8he defines success as
"achieving the statéd goals and objectives" {18%2e, p. 2),
and 1lists Lthe mzin reasons for faillure in these kinds of
rroilects as; |

1. poor location

2. improper dasign

3. sloppy construction

4. lack of commitment by the permit applicant and\or

contractor

5. incerrect hydrology

6. incorraci slevation

7. not encugh protection from wind and wave action

&, incorrect planting of vegatation,

Supportive Lo this research done by Dy, Landin is a
maznuzl by Hayes and Palerme called "Engineering Aspacts of

Wetland Design". They agres on the factors Dr. Landin 1isted
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as kKeyr to success. In additicn, this manual focuses heavily

on the importance of substrate (1992).

II1I. Casc Btudies

The cases this author studiaed ware many and varisd, The
following summearies of some of these cases should p:ovide the
reader Wwith a basic general understanding of ways in which
dredged matarial hag been Used to benefil the environment.
The author was able to make many comparisons and contrasts
between these cases. After an extensive search, and contact
with key personnel, thi= author did neot find any evidence
indicating a project like hers has been done. There are
projects with similarities, however, which the awvthor will

discuss bolow.

Graduate student, Christopher Jones (13%3%3), in his
thesis evaluated 11 mitigation projecta within the gtate of
New Jersey., The projects he studied were designed to
datarmina whather or not artificial wetlands were successful;
the criteria for success being the confirmation of the
presence af wetlands based on soils, hydrology, and
vegetation sampling. His study found only two of the watlands
projects to be successful. Tn hia conclusiong he steted that
attempts to create wetlands "have largely rasulted in

failures" {(Jones, 1993, p. 102).
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Initially this author felt it important'to note that
these unsuccessful prajects waere freshwater prejechs as
oppocsed to salt water, and that they were "wetland creation®
projects as opposed to "enhancement" projects, which is the
type of project this author is proposing. The need to point
this out was to mollify this zuthor's fears that her project
would be judged a fallure before it evsen bedan. But further
research negated the relevance of distinguishing between the
two as there are numerous success stories of varied
mitigation activitiee, which stand in sharp contrast toc Mr.
Jones's conclusions. According to Dr. Landin, "Froperly built
wellands compare very well with natural wetlands" (Landin,
1987, p, 84), Her rasponse 1o wetlands projects that have
fajlad is, "Mest of the wetlands that have ﬁat baan
succaessful ara thaosae huilt in the permit approval process,
not built ar monitored by the COE, and not nacessarily

involving dredging" {Landin, 1987, p. £9).

In Michigan, the Pointe Mouillee State Jame Area wWas at
onae time one of the best fishing and waterfowl hunting
marshes in the Grealt Lakes regicrn. Bul in Lthe 1950's =
barriser island that protected it was completely eroded awayv.
This left the site exposed to open water wave activity which
guickly and severely damaged the sblale gams area. A
cooperative effort was made by the Delroil COE and Lhe
Michigan Department of Natural Resources (MDNR) to build a

900 acre confined dispesal facility from dredged m=terial,
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the size and shapas of the original barriar ialand.
Construction was completed in 1983. Fishing piers, hiking
trails, picnic facilities, a visitors' center, and & marins
kave been built on the dredge site (Landin, 1994},

While construction of the digposal facility was underyay a
draft long-term mahagement plan for the gite was 4Arawh up.
This plan included the following faaturas:

1. gated culverts to allow for water to fliow through

the marsh;

2. aceess cross dikes;

3. drefdged material island formation within the marsh

for nesting waterfowl: and

4, intensive wildlife management.

Anocther management technique carried out was widespread
plantinc of food crops for resident wildlife znd migratory
waterfowl by gane management emplovess, The MDNE intends
aventually to allow watar lavals o fluctuzie for vegetation
manipulation within the marsh {Landin, 19%4).

Monitoring on this site has not been extensive. However
data on vegetation and wildlife have been colleclted since
197%, and water guality, corntaminant testing, and
recrezgtional use surveys have been corducted. The results
have ghown that:

- spon after placement the dredged material was

colonized by wetland and upland plant species,

- marsh vegetation is increasing inside the erocded

wetland pertion of the game area,
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- intresases in resident, migratory, and nesting specles
of wildlife and fish have bheen exhibited,

- pcontaminants hava not baaen found (Tandin, 1594).

A placement site was needed for dredged materizal in
Mobile Bay, Gaillard Island, Alabama. To fulfill this need, =&
1300 agre confined facility was built in 1921, Each ysar
since completion of construction, 16,000 - 25,000 seabirds
have nested there. (This is a first for Gaillard Island.) In
1987 over 1,500 brown pelicans used the island, many of which
nested successfully., This was the first recorded nesting by
brown palicana in Alabama in this cantury (Landin, 1994}.

The purpose of this project was to f£ill a need for a
placement site, which stands in obvious contrast to the goals
set for the Pointe Mouillee project, which were to build a
protective barrier island and to restore an eroded marsh
area. The barrier island was a confined disposal area.
Baillard Ieland was built with hydraulically placed, gently
sloping dikes. No bulkheads or rip-rap was used to contain
it. Its shorelines have been protected by a combination of
stone armouring and salt marsh plantings, which was actually
a secondary obiective. In 1931 the COE began experimenting
with combinations of wetland plantings and temporary
bBreakwaters, Lo determine if areag guch as Gaillard Island,
which receive only moderate wave activity, could be
stabilized with vegetation rather than engin=ering

structures, Specifically, over 35 acres of cord grafgg ware
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planted behind floating tire breakwaters, in ercosion
centrelling mats, and in plant rella. On the north side of
the island, behind the plantings, ewales have formed. These
swales have been colonized by salt-marsh cordgréss, saltmareh
bulrush, cattail, and cther high marsh species. Muskrals =nd
marsh-nesting birds are present. On the cther sides of thisg
igland the cordgrass ia either still in place or has
colonized (Landin, 1994).

This placement site replaced bay bottom hebitet with
island, wetland, and upland habitats. Beafore choosing the
locgtion for it, the researchers of thiz plan had to find an
aren of relativelv lew bhenthic preoductivity to keep the
nagative anvironmantal impacts to a minimum (Landin, 1994).

An original feature of this case is a2 large, ungated
welr that was instzlled to permit inter-tidal flow intoe a 788
acre containment pond. As fillipg continues, the pond will
Lecome part of the island.

A3 om Pointe Mouiille, a long term management strategy
was put into place. Its primary gozls are to:

- maximize the life of the placement sits;

— allow for more efficient use by agencics who need to

use the site fdr placement needs; and

- a2llow for an arrangemant whereaeby the s5ite can

continue to ke used by seakirds {(Landin, 198%54]).

The Gzillard Island project was done by the Mobile CDE.

It has been used by The COE and the US Navy. This site

demenetrated that apvironmental and enginsaring zctivities
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are compatibla. This project won the COE Environmental Honour

Award in 198k (Landin, 1994},

In a more lodal sxample, the New Jersey Department of
Environmantal Protection [NJDEP) issued a2 final New Jersey
Pollutant Discharge Elimlnation System Permit for the Salem
Gencrating Stationm in July, 1994, There are several Special
Conditions in this permit that z=ddres=s concernzs abhout "the
loss of aquatiec ¢rganisms resulting from the Station’s
operation" {P3IE&Z, 18%5, p. 1).

The Special Conditions in the Pearmit redquire Public
Service Electric and Gas Company {PEE&E) to take a numher of
actions in¢ludine implementing a program to “restore,
enhange, and preserve g minimum of 2,000 acres of wetlands
along the Delaware Eetuary and an additional 2,000 acres of
wetland and oy 6,000 geres of upland buffer®™ (P3E&Z3, 1585, p.
1}.

Among the areas chosen for restoration and enhancemant
in this proiject ars salt hay farms. According to PSEXG these
farms, which are diked to contral tidal inuwndation,
contribute very little to the aguatic production of the
belaware Estuary., and z2re prime breeding areas for
mosguitoes. PSE&S states that the elimination of salt hay
farm3, which are g greast human disturbance, will benefit
marsh species: and that the restoration of the marsh
ecosystem will increase habitat diveraity, which was present

prior to the establlishment of =alt hay farms. They claim that
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galt hay farming "attenpts to create a monoculture that
results in lower plant. diversity and comsequently, laower
hahitat complexity! (PERREG, 1995, p. 24). PSE&G proposcs to
construct new inlets and channels to these areas, which will
revive daily tidal flow, thus returning the szali hay farme to
natural wetlands habitals (PSE&G, 1995},

The goala of thiz wetlands project ara:

— t0 increase aguatic production:

- to protect aguatic habitat; and

- and to provide public zccess in a fashion consistent

with above stated goals (PEE&G, 1995)5

The methodoelogy used by PSE&G in preparation for their
praposal included: site investigations in 1994 and 1935;
wildlife inventory field studies; supplemental infeormation
pbtained from literature documentation; review of historia
derial pholtographs to identify the historic lecations of
channels; evaluations of aurface topography to determine the
locations for the new drainage network: archaecoclogical
investigations of the site; and computer models to develod a
restoeration degign (PSE&RG, 1995).

This project is different from most others reviewed by
this auvthor in that its main focus 1s nobt on dradged
material., The Key componants in thia project are restoration
of tidal flow to currently-diked areas, and permanent
protection of these areas through a Deed of Conservalion
feslriction. The new channels howeaver, will be excavated; and

the material axcavated from the channels will he used to
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taise low areas or for internal berm construction on the site
{PSE&E, 1995).

Another element that set this case apart from the others
was the proposal for maintenance. The features incorporated
ir this undertaking have been specifically designed to
minimize the need for maintenance, Inspections of the
channels will be made seasonally for the first twoe vears and
after severe storms. After that the inspections will be
conducted annually (PSEAG, 199%). This impressed the author
becauge, with increasing numbers of wetlands projects in the
making, if they zll have complex and time-consuming (not to
menticn expensive) maintenance plans, follow-tfhrough may
become unrealistic.

At thke time of this literature review, the Commercial
Tewnship Szt Hay Farm Wetland Restoration FPlan had not been
inplemanted. PSE&G was in the process of acguiring the
necsssary permits and approvals, They estimated commencement

of this project to be the spring of 1%96 (PEE&G, 19985),.

8till ancther example is ths Tennessee-Tombigbee
Waterway which was constructed at the expense of the "dense
and diverse" {(Landin, 19%4, p.17) flora and fauna that
inhabited the Tombighee River. In 1985 the COE placed two
gravel bars in an zbandoned channel of the Tembighes River to
provide habitat for the organismns that had hesn displaced.
Colonization of macreoinvertebrates was rapid. Fortyv-two

species of fish have been collected at the site including the
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crystal darter, whiceh is listed a= endangered in Mississippi
{Landin, 1994}. This ig an example of dredged material being

placed, and simply letting nature take its course.

B 2imlilar case ftook place in Tampa Baey in the 14930°s
when the COE placed an island of dredged materiazl which came
to be called Bird Tsland. In 1951 they placed another isgland
thal eventually became attached to Bird Isliand. This dredged
material site was turned over to the Audubon Scciety feor the
mznzgement and control of mora than 30,000 waterkirds that

nest there each vear {Landin, 1354).

A wmore complex slte is Miller Sands Island. It is 2 236
acre 1lsland in Lhe Columbiz River within the Lewis and Clark
National Wildlife Befuee in Oregon. It was built entirely of
dredged material in 1932. Tn the 1970's three disgtinct
habitats were made on the island: sand dunes, upland meadow,
and intar-tidal marsh, Thege habitals have been monitored
since 1974, to document success in terms of wildlife,
vegetation, establishment of soils, fisheries, survival, and
reproduction, (Only 10 other COE habitat development sites in
the United Btates are being monitored as this one is.) The
findings to date are promising. Bpecies abundance and
willdlife Uge have incregsed, Shorebirds, waterfowl, and
songbirds inhahit the area in large numbers. Mammals
including dear, ssals, and sea liong, are also found at

Miller Sands. Twenty-one species of fish have heen caught
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there. Benthic samples indicate no change. The wetland site
has been colonized by numercus species of marsh vegeitation,
hut is dominated by Lyngkyve's dedde and tufted hairgrags

(Landin, 1994}.

Pown through our countrv's history, the Chesapeske Bay
has bhaen an area of concantration for wildlifs habitat.
However, it has not been able to escape the impact of human
activitvy and has, in fact, been severely degraded. Pollution
and development, along with the forcesg of nature, have Laken
4 tell on the bhav's adquatic resourcaes. One of the places
these hardships manifest themselves is on Bodkin Island,
Queen Anne's County, Maryland. The author wes able to get g
copy of a project called the Bodkit Eeport, which is8 a plan
to restore and ¢reats habhltat on BodKin Igland. This report
has been 1ndispensable Lo this author's resgearch in that it
includes significant detalled data and 1t ralates more
closely to this author's project than any other she has
found.

Baodkin Tsland was once the site of the densest black
duck population in all of North America. Since 1847, Bodkin
Igland has been ercoded from 50 acres to less than one acre.
In 1984 3 hulkhead was constructed around the island to
praevent further ercsion. The decline in the size of the
island obviously correeponds to a great loss of black duck

habital, The last survey, <cconducted in 1991, found only 34

active nests [(UEBACE, 1554).
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Hans with nawly-hatched ducklings leave the nesting site
to find 2 brood habitat. Areas closely surrounding Bodkin
Island historically have provided for this need, Bul
davelopment of thege areag eliminated mozt of the prime bhroogd
habkitats. Wow hens and thelr voung must travel a minimum of
Iive milas, which 18 tog long a journey Ifor many ducklings,
and consequently results in an enormcously high mortslity rate
{USACE, 1994).

The Bodkin Report documents a plan to utilize dredged
material to create brocd habitat and to restore existing
nesting habitat faor black ducks. The design for the
restorgtion of this island includes enlarging the existing
islﬁnﬁ to accommodate 50,000 cubic vards of dredged malerial
from the Federal navigatieon channel at Chester River and
containing it with gectextile tubes. It will include high
marsh zones, low marsh zores, tidal pools, and upland nesling
fiabilat. After the materisl has settled, Lhe i1sland will Le
plantad. Tha planted vegatatlon will help atablliizge tha
material. The Bodkin Report outlines specifically which
vegetation will be plantied in each zone to ensure praper
habitat and aleo (o deter the growth of undesiralkle plant
species. Once vegeotation ie established on the island, sea
grasses will be introduced in the tidal poocls (USACE, 1994},

Thisz plan, which hag nof yet been inplemented, diffsrs
from the one this author is researching in primarily two
wavs. The species thevy are working with, hdlack ducks, have

previously used Bodkin Island for nesting, and it is likely
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they will contirnue to use it after it iz restored and
enlarged, thus setting favorahle conditions for the hlack
duck population to increase. In contrast, the author of this
plan is attempting to attract spe¢ies that have naver before
cccupied her study site. The cther main difference is that
Bedkin Island is to be contained, whereas this author does

nolt propose Lo contaln her site at Great Scund.

Alse of particular interest to this author was an
environmental study done on 3turgeon Island. Sturgeon Island
ig the property of the Wetlands Institute and was formerly
uaed azx & d4dredge diszposal =2its,. It 18 logated near Gull
Island, upon which the author's study sites are situated.
Eeveral species of birds' nests wers recorded. Df these, nonc
were even partially successful. All egogs were either missing
or destroved. Mammal traps were set, end ell caught only onse

species; Mattus norvegicps {the Norwey ret). It is

bypothesized that this mammal i1s solely responsible for the

lack of avian productivity on this island.

The kinds of projec£s reviewed in this secticn show
that: 1. o one has vet under taken a proiject exactly
liks this one;
2. the COE is, in fact, interested in crective
solutions for dredged material placsment; ahd

3. dredged materlal iglands Can ba puccesalul

hzbitat areas.
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IV. Target Bpecies

There are numercug technical reports produced by the
H.85. Fiah and Wildlife Service pertalining to hirds and
reptiles. The author has reviewed all avallable Facty Sheets
and Habitat Suitability Index [HEI) Models pertaining to
apacies that d¢ ocour at, or might in the future use her
study site. Thase madels are acaled To producs an index
bhetween what is an optimum habitat and what is an unsuitable
habitat. They provide specific information an feeding,
nesting, hakitat needs, and predation, as well as spercizl
condideraticns pertinent to particular species.
Unfortunately, HEI's are not usually availakle for andangerad
species. According to WNew Jersey Fish and Game biclogist,
Dave Jenkins (telephone interview, 1995), this is for fear
that Thege reports will give developers Lhe idea that 1L is
acceptablae to destrov habitat if they ¢an ¢ktain writtan
instructions on how to build new ones. The author has studied
HEI models for the least tern and the diameondback terrapin,
as well as the great blue heran, the rad-wingad blackbhird,
the laughing gull, and the forster's tern. At present there
are ne ehtainahle models for the black skimmer or the piping
plover.

In addition to the above-mentioned reports, the author
hag studied a variety of survey sheets, summaries, wvarious
Ltextsz, publications, and newspaper articles regarding the

black skimmer, the least tern, the piping plover, and the
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diamondback terrapin. The author also consulted a
comprahensgive bhaseline surveyvy on Lthe fishes in the the
feeding vicinity of her targat sitas.

The furthar this author delved inte available Iiterature
the more convinced she hacame that hear projezt was, not only
feasible, but alsc necessary. Bhe recaeivaed another green
light when she came across the Piping Plover Recovery Plah
{1995). BRcecording to thia atudy, an agsantial task ta be
carried out in working toward reaching the objective of being
able io remove Lhis species from the Federal List of
Endangered and Threatened Wildlife and Plants 1s compensating
for digruption ¢f natural processsg and c¢reating and
anhancing hahitat by encouraging deposition of dradgad
matarial.

Text books used in the research of this section such as

Shorebirde (Alan, 19E£E)} and The Birders Handbook (Ehrlich et

al., 1888) give only broad. general informaticn. This
information was helpful in establishing. a sgtarting point, but
the author found early on that scocurces with more specific and
detailed facts were necessary. The Piping Flover Recovery
Plan {19895) is one s8uch source, Thisg Lechnical draft,
prepared by the Atliantic Coast Piping FPlover ERecovery Team
for the U.5. Fish and Wildlife Service, describes recovery
prograss to date as wall as delineates Further actions
required for recovery and protection of this species.
Inciuded in this repeort are detailed habitfat needs of the

species along with guidelihnes for establizshing such., These
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guidelines encompass such details as needs concerning
substrate, vegetation, elevation, predation, a2nd diet. Though
thess guidelines were written chiefly for the Piping Plover,
in cresa~-rafarancing notes ghe hag taken throughout her
rescarch, this author finds many of the habitat needs of all
four species in her study overlap.

Additional information was obtained from the Shorebird
¥anagement Manual {19%92). It 1s geared more toward menaging
species. This document gives a general account of shorebird
ecolagy. While it does noet include the habitat needs detailsd
in the Recovery Flan, it does contain historical accoounts and'
describes presgent-day threats, which are accompanied by
examplas of caze studies,

Lee Carney reports on a recaent atudy Jdone by a student
trom Richard Stockton College on predation of diamondback
terrapins. His article, "Terrapins Are Taking a Beating®
holds natural predateors responesible for wiping out the nests
and hatchlings of the turtlesg. The predators identified as
the culprits are red foxes and racooons, which destrov nests
gnd eggs. This report ralls the 1995 hatching secason a
disastar. He goas on to digcusg how in the early 1300's the
epecies experienced great population decline because of its
popularity as a food delicacy. Although these animals ars no
longer hunted, its numbers dare sLill diminishing, not only
baecause af intensive natural predation, but alao bhecausa of
disruptive human activities (Wood, 1995). This conjecture is

supported by Palmer (1988) who attributes the main reason for
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the mortality of the terrapin population to predation, aside
from crab pots and loss of habitat. All agree Lhat the
populaticn of this gentle species continues to suffar great
logs. The diamondback terrapin is now a candidate for the
Taederal Lisgt of Threatenad and Endangered Epscies {Carney,

1995},

Tn this chapter the author has examined literature
reglated to habitat creation znd enhancement. As the author
prepares to make recommendations to create habitat on a
dredged-material island this material will ke ugeiul. In the
next chapter Lhe methods uged fte make thege reccmmendations

will be dlacussed.
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Chapter Three

DESIGN OF THE S5TUDY

Btudyv Ares

For purposes of this studvy the ftarget areaz is Gull
Island, which is located at the entrance to Great Sound, in
Cape May County, New Jersey (figure 1}. While this project is
site specific to Gull I=sland, and the recommendations
presented in chapter four are epecifically designed for
enhancement of this site and to accommodate the habitat needs
af the bhlack skimmer, diamondback terrapin, least tern, and
piping plover, the basic outline of methodology following may

be applicable to other projects.

Methodolagy

The fcllowing methods were used by the author in
preparing this report.

Before doing any field work, marsh and beach habitats
waere gtudied, as outlined in chapter two.

The author made field trips to the proposed study area
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to do 2 feasibility assessment to make sure the site was

sulitable for this project. Four dredged-materiai siies are
igcated on Gull Island, in close proximity to one another.,
The author decided teo include all four sites in the study.

A baseline gurvey wag copnducted o establish a general
bread concept of tha compesition of the site, and to gather
data on any inhabitants present. The author teocok photeographs,
and kepl a Journal during all field work,

Praliminary vagetation identification was done. Several
typas of mlants ware recorded on the site. Fhotographs or
samples of others were brought to shore and studied at the
Wetlands Institute, using field guide identificaticn beoks,
and conferring with various personnel,. When the author had
doubls, ganplas were taken to specialists for coﬁfirmation of
idantification.

Flevation measurements waere taken using the
Emorv-horizon method. The author was aided by Dr. Weood and
ane cof his internes in carryiné out this preocedure.

Caneral observations were done, including counting
nests, checking for signs of predation (tracks, dreoppings,
nest destruckticn), cellecting any relevant aspedimens, and
noting any wildlife presznt or nearby.

The author visited Champagne lsland, in the Hereford
Inlet of 3tone Harbor; a2 large active bleck skimmer nesting
colony (figure 6}, Thiz i3 alao an araa where pliping plover
and laast tern nesting has occcurred. Here the author was able

to observe first hand an already established and successful
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nesting area and make notes on vegetation, substrate,
elevation, and protective measures. Comparisons and contrasts
batwaan thizg gite and the Gull Island site were then made.

The author also visited Sturgecn Island, & hearbhy dredge
disposal island, which is ownad by the Wetlands Institute.

Extensive background research was critical for the
author's success in developing this project. The basic
habitzt needs of the target species were studied in relation
to the habitats presently existing on Gull Island. Beneficial
usas of dredged materlial was Alse thoroughly researched.
Obtaining relavant literature was tima consuming, and at
times difficult. Persistence was vital and proved worthwhile,
Among the most useful intormation #ere reports from ths
Walerways Experiment Station [(WES) in Vicksburg, Mississippi.
Fowaver, Tthig authoer was only able Lo get these reports afier
a Corps of Enginears apacial projects person ran interfsrence
for her. Anather avenue that proved invaluable was a
bibliography =ent by a WES secretary. This listed wvarious
dredged-disposal projects that have been done. From this 1list
the author wasg able to make new contag¢ts and gbtain
additional documents.

Flahas of the Heraford Inlet were studlisad 1o he gure tha
neccessary foraging habitat was present (tables 2, 3, & 4).

a4 7.5 minute gquadrangle map cf Avalon and Stone Harbor
wag ohtalined from the 2tats Lo delineate the average mazimum
flight distanca zoneg around the perimater of the potential

nesting zrea. The author walked this area. The author
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obtained and reviewed aerial photographs for accurate
geographical layout.

Perscnal contacts were key sources of help and
information. Biolegists, representatives from the U.S5. Fish
and Wildlife Service, New Jersey Fish and Game, and people
from various branches of the U.S. Army Corrs of Engineers
gave this author invaluable suggestions and advice.

once the author completed acquisition and review of
pertinent reports and documents, she drafted a geries of
reconmendations and distributed them to assorted specialists
with a reguest for comments. Based on their feedback the

anthor wrote her thesis.

After studying many reperts on dredged-material
projects, as documented in chapter two, and reviewing
different project formats, the auther found no one format to
be entirely appropriate. The format that came closest to
fitting the needs of this report were those used in the
Bodkin Report. With numerowus revisions the author has
developed th=s following format to be used far her theeis,
which will ke presented as data in the form oI

recommendations.

I. Introductlion
A. Purpose of Study
B. Study Area
1. Location
2. History
3. Existing WUsage
4. Current Physical Descriptlions
I1. Overview of Targeft Species
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A. Rlack Skimmer
B, Diamcndback Terrapin
C. Least Tern
D. Piping Plovaer

I7I. Discuesion and Considerations
A. Z8ize and Bhape

Elavation

. BSubstrate

Vegetation

I'redators

Timing

Monitoring

. Maintenanoce

IV. Final Eezcommendaticns for Habitat Enhancement
L. 8ize and Bhape

Elevation

Substrate

Vegetation

. Preadatocrs

Timing

. Menitoring

Maintenance

s Rl s Rt R

HomEQDO o

Background of the Author

Thae auther 13 a 1980 graduate of Logk Haven Univarsity
Jharea she majorad in education. She has a Bachelor ocf Brciesnece
Degree in Elsmentary EBducation (K-8), and Health and Physical
Fducation {(K-12). Presecntly the author teaches sixth grade st
the Upper Township Middle sScheoel in Tuckahoe, New Jersey. The
authoer has bheaah a matriculated gtudant in the M.A. Degree
Frogram in Envirconmental Educaticn at Rowan College of Hew
Jersay for The past thres vears. Tn 1996 she was inducted
into Phi Dalta Kappa.

In the summer the author teaches a2t a zoo camp at the
Cape May County EZoco in Cape May (ourt House, New Jersey. Shs
iz alsc acltively involved willh a gmall grags-roofs group
which, for the last two years, has been trying to establish

an Environmental Commissicon in Upper Township, New Jaersevy.
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The author approached Dr, Roger Wood, Director of
Research at the Wetlands Institute in Stone Earber, New
Jersev, and Profsssor of Foology at Etockton State College,
for asuggesticns on resecarch that needed to be done that could
hae usad as 2 thesis project. Dr. Wood suggested this project,
and agreed to sign on as this author's mentor.

The Wellands Tnatitute is very interested in this
project because of its breader implications, znd they agreed
tp nake available to the author all boats znd eguipment
reguired to sucgesafully complete it.

nespite a limited formal background, this auther has
spent her entire life in and arocund New Jersey marsh lands,
and is beoth familiar with and ¢onnected to the habitat and
wildlifes therein, She is8 passionate akout the preservaiion of
our pabtid.al environment, and driven by Lthat passion to

succassfully complete this broad-hazad project.
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Chapter Foux

FRESENTATION AND ANALYSTS OF DATA

The format of thig ¢haptar is as follows:

I. Introduation
A. Purpoee of study
E. Study Ar=za
1. Locetion
2. Eistory
3. Euxisting Usege
4. Current Physicel Degcriptions
IT, Ovarview nf Target Species
A. Elack Skinmer
B. Diamondback Terrapin
£, Laast Tern
D, Piping Flover
III. Discussion and Consideraticons
A. Eize and EShape
B, Elavation
C. Bubstrate
0. Vegetaticn
E. Fredators
F. Timing
1v. Final Recommendations for EHabitat Enhancemsni
A. 3ize and Shaps
F. Elavation
C. sBubstrate
D. Vegetation
E, Preadators
F. Timing
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INTRODUCTION

Thie report presentsg the data necessary for using
mzintenance-dredged material from the intracoasfal waterway
in Middle Township, New Jersey, for hebitat enhancemeat an
Gull Island, New Jersey.

This report was developed with information oktained from
field work, published and unpublished literature, and
communizcations with professicnal biolegists and other
spesialists familiar with specifi¢ aspacts of a project 1ike
this one.

In ecach area of concern, the author consulted numeroud
sources and conferrad with more thar cone expert. There are
cartain instancec where the author received conflicting views
and information. AL thesge-*imes the author Zurther
investigated the issue at hand and made an educated deciglon

based on a2ll available informaticon.
Purpoaa of the Study
The purpose of this study was to establish daia on the
gxisting target site, datermine the habitat needs of tha

target species, and to develop a plan to shhance the existing

gite top accommodate these needs.
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Study Area

Locaticn

The intracoastal waterway, which runs the length of the
gast coast of the United States, flows through Great Scund,
in Middle Township, New Jersev. Gull Island, which is a
submerged island, is located at the entrance to Great Sound
(figure 1). The study area for this project is composed of
four upland dredged-material izlands which are situated on

Gull Island {(figure 2).

Eistory

Since 1574 Gull Isgland has been a disposal site for
material dredged from the intracoastal waterway in Cape May
county, New Jersey (telophone interviews: Scrignoli, 1%85).

Historicelly, the material has been placed on four
geparate upland sites, all located on the northern tip of
Gull Tsland. The dredged material has besn compoged of
different combinations of mud, silt, and s#and. The amounts of
material placed range from 12,000 to 120,000 cublic yards
(Scrigneli, 195%5). These islands have no current or historic
accounts of use by bilack skimmers, least terns, or piping

plovers.

Existing Uszge

This area is currently uzed by The U.S. Army Corps aof

Enginsers for placement of dredged-material every two to
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four vears (Scrignoeli, 1995h).

Current Physical Dascrivtions

The following information, unless ctherwise cited, wWas
taken from Lhe Jjournal Lhe author kept during field work., The
four dredged-material izlands at this zite will Trom here on
be referred to as 1, 2, 3, and 4. Islande 1 znd 2 &re
separated fraom &ach ather only at high tide. The author
estimates 3 and 4 to be a couple hundred yards away, across
krnee deep marsh mud and tide water. (figure 2).

1 and 2 {(figure 2) are colonized by herring gulls.
Eliminating thesz predztors from the study site proved to be
the greatest challenge in establishing suitakle habitat for
the Largel species. fHerring gulls pose a dubatantial threat
to the Larget species, ag thev coppeta for spacs and disturh
nasts [(Wood, 1995). Many avanuas wara &¥plorad cGoncerning
this issue, including burning, setting up osprey oests for
avigan predataor contrel, and "timad disturbance™ - a methcd
using volunteers to purposely disturb the site by boat riding
nearby, walking, playinog, and running dogs on the island.
This should be done during the gull nesting peried, but
before the terps and skimmers arrive. Obwviously, ths goal is
to arsats snough disturbance to force the gull coclony to
abandon the site and nest elsewhere (Lelesphone 1nfterview:
Janking, 1885).

There are alsc signs of mammals on the glite: ragcoon

tracks (figure 7), rat tracke, and a dscomposed mamnal

Lope)



carcass were observed. There are great piles of clam shells
on the north end of site 2, which the author hypothesizes are
resultant of being located right at the mouth of the sound.
Wave action forms shell herms on the front and top of sandy
areas, especially in harbors and protected areas {(telephone
interview: Landin, 1996). The c¢lams are easy gull prey.

On these islands there is one elevated mound, surrounded
by sandy beach. The appreximate elevation is 2.15 m above

water level.

Sites 1 and 2 (figure 2} are the least wegetated. The
following plant life was identified: cocklebur (Xanthium

nensvlvanicum), marsh elder (Iva frutescens), sea rocket

{Cakile edentula), sea lavender (Limonium careclinianpum)}, salt

meadow cordgrass {(Spariina patens), smooth ¢ordgrass

{8partina alterniflora}, glasswort (Salicorniz suropaea), and

common reed (Phragmites austratis), which is most prominent.

2t least sixteen terrapin nests wWere observed, most of which
had been dug up by unknown predators (figure 7). Thig appears

to be an area ©f high predation.

Site 3 (figure 2) 1is heavily encroached by common reed.

Site ¢ (figure 2) is the oldest of the four islands.
Thig is apparent by the denseness of the plant growth {figure
8)(figure 9). It is heavily vegetated by cordgrass, grounsel

{Senecio vulgaris), lavender, wild black cherry (Prunus
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garotina), seablite (Buaeda sp.) thistle (Cirsium vulgarisj,

evening primrose (Qencthera piennis), and common read. Threes

black-crownad night harons {(Nycticorax nycticorax) were

ohsarved, but no signs of nesting. On this igland, at least a

dozen terrapin nests were found.

21l four islands have round mounds. The author estimales
each one to be approximately one acre 1n 8ize. The area is
difficult to get to. Even in a small boat the trip reguired
walking and dragging the boat over a few hunhdred vards of
deep marsh mud covered by tidal water to get to the islands.
This should keep the gite ezmsentially freec ifrom human
disturbance,

Thigs is not an area of high wave sacbivity. Therefors,
potantial ercsion should not be a critical factor. For this
reasen the author will net be recommending the site be
contained in any fashion.

Suitaeble feeding conditions are present for the target
species. Least terns are visual feeders and catch small fish
near the surface of the water, Black skimmers are non-visual
feaders and c¢atceh any food items their bill encounfers.
Piping plovers feed alono =andy, unvegetatad beaches.
Diamondback terrapins ezt insectes, fruilte, and vegetables
(Landin, 199%6}).

It has been proven that tha construction and cnhancement
o0f islapnds for birds and other wildlife is feasible (USACE,

1i987), The depcsition of dredged-material to enhance ar

54



create habitat ts strongly encouraged (U.S. Figh and Wildlife
Sarvice, 1995b)}. The design of this gite will be such that
future maintenance dredging ¢f the nearby navigation channsl
may be added to create more cxtensive bare sand habitat.
Though the author does neot predi¢t savere erosion problems,
additional dredgsd-material should subvert any potential
problema in this area. It will help to prevent vegetation

encroachment as well,

OVEEVIEW OF TARGET SEPECIEE
Elack Skimmer (Ryonchopg niger)

A sister group of ternsa and gulls, the black skimmer
resembles a2 gull, with a white underside, black hack, and
iong parrow winga. It's most distinguishing characteristic is
its brilliant red bill., The lowsr mandible is longer than the
upper, which is hinged and can be clevated and clampsed shut
{Gochfeld & Burger, 1994)

I tha sarly 1600's this bird wag a commen breeder in
¥aw Jarsey. But gradually, e€ggers eliminated colonies. fThey
were also areatly affected by the millinery trade &nd
hunting. Skimmars were not sought directly for their feathers
or food, but their nesting assoclates were. By the turn of
the century akimmars were all but absent {Gochfeld & Burger,

1394).
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In 197% the bhlack skimmer was listed as an endangered
species in the state of New Jersey. Since the enzctment of
protection laws, the population decline has primarily been
due to disturbance and habitat less. Vehicles, pets,
recreational beach users, and predation all contribute to
nest failure {(U.5. Fish and Wildlife Service, 1995a).

Black =skimmers nest in colonies. They select their
colony site strongly based on the presence of cther species.
Typically Lhey will chocse Lo share a 2ite with terns, gulls,
or ploversg. They prefer to nest with terns. This is because
terne provide early warnings and defense against intruders.
Skimmers form distinct subcolonies in the middle of tern
colonies. They usually cccupy the same gite year after vear
{Gochfeld % Burger, 1994}.

The black skimmer nests almost exclusively on the coast;
specifically on shell banks, barrier islands, salt marshss,
and dredged-material islands {Gochfeld & Burger, 1994). They
prefer flat, sandy areas with little vegetation. They are
known to nest on wrack mats [(U.S. Fish and Wildlife Service,
1985a).

Though skimmers prefer open, sandy beaches, most of our
present day beaches are not suitable because of recreaticnal
use. Many of their formerly used nesting areas have been
developed {Gochfeld & Burger, 1994).

Tn New Jersev black skimmers avoid islands > 20 ha and <
.% ha (49 acres - 1.235 acreg). They prefer islands with <

20% vegetaticn, often nesting where there is no vegetation at
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all. Their eggs are begt camouflaged on plain sand and shell
substrate. Also, vegetation provides shelter for predators
(Gochfeld & Burger, 15984).

Skimmers arrive in May. They make scrapes, shallow
depressions, in the sand for nests. A female will lay two to
five eggs, usually in early June. (They will, however, lay
eggs later if there is 2 nest loss.) Both adults incubate the
eggs for approximately twenty-two days (Gochfeld & Burger,
1994).

Elack skimmers eat crustaceans and a variety of fish

including pipefish (Syngnathus fuscus), herring {(£lupea

spp.}, killifisgh (Fundulus kansae), mullet (Mugil spp.}., and

gilversides (Menidia spp.) (Line & Russell, 1976). They
forage mainly in tidal waters of salt marsh pools, estuaries,
bays, lagoons, ditches, and creeks. Feeding areas should bhe
roughly £ 8 km from the colony site {(Gochfeld & Burger,
1994},

Skimmers are tactile feeders. They rarely locate prey by
sight (Zhrlich, 1%88)., They clide low over the water, usually
with theilr wings metionless, skimming the surface at an
average 20 feet per second with the lower mandible {Line et
al., 1887). When the mandible makes contact with a fish, the
nmexilla clamps down. {The anterior end of the esophagus has a
strong pseudosphincter to prevent the swallowing of water
while skimming.) The prey is then swallowed or carried back
to the nest. Though they are reportedly nocturnal feeders,

they regularly feed during the day, depending cn the tide
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cycle {Zcchi=ld & Burger, 19%94)}. Yourg are fed regurgitant,
as the lower mandibie does noft elongate until adulthaaod
{Ehrlich, 1588). They are solitary iteeders: rarely do they
feed in flocks. BEowever, two or three are often seen feeding
in tandem. AU present it iz unknown whether Di not thair
foraging kabitet is threatened (Gochteld & Burger, 18%2).
Th= main predators of skimmers are herring gulls {(Larus

argentatus), Norwav rats (Rattus norvegicus), raccoone

{Procyon lotor), squirrels (8ciurus carclinensgis), and foxes

(Yulpss fulwva), as well as catg, dogs, and humansg (Gochfeld &

Burger, 1994).

To fend off intruders, adults will cirecle while making
l1oud, threatening calls, Often they Will awoeospr downward. They
witl also fly low over the sand, paddling the ground with
their feat, appearing to run at the intruvder, “belly-flop" on
the ground, then appear to collapse. These individual
distraction displays are more commeon than mobbing, znd
increase in intensity and fregquency during the hatching
period {Gochfald & Burger, 1994).

BElack =kimmers are agile on ground. In flight they ere
graceiul., Ne ipformation ig available on their awimming
akilitias;: they have bheen ohserved in the watsr only when
tathing. However, they are seen walking in shallow watsr o
ool Lhemselves., Whille siltting 1n flochs, they are ocfien
chaarved lying down with thelir necks extended flat orn the
ground to rest and tc‘reduce radiant heat uptake [Gochfeld &

Burger, 19%4).
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Presently there are about 900 pairs of black skimmers in
New Jersey. Habitat protectien is e¢ritical for their
survival. Skimmers are protected by international treaties,
but are still ezploited in Central America and Mexico, where

many of them winter (Gochfeld & Burger, 1994}).

Diamendback Terrapin (Malaclemys terrapin terrapin)

About 200 million vears ago turtles appeared on earth
and survived whatever trauma endea the lives of their
dinosaur relatives. They can be found in virtually every
habitat. Turtles live in the open ocean, in fresh water ponds
and streams, in marshes, in forests, and even in deserts.
Turtles have been an- important part of human culture. They
have provided us with food and other products, have been kept
as pets, and have avpeared in literature around the world
(Wetlands Institute, 1991).

Turtles are vertebrates and helong to a class called
reptiles. They share one very important charactaristic with
snakes, lizards, tuatara, and crocodilians that separates
them from other vertebrates, and enables them to colonize
near every habitat away from the poles. Reptlle gkin is
covered with scalesz composed of keratin. The scales provide a
water tight barrier that amphibiang, the ancestors of
reptiles, lack. Most amphibians can breathe through their

skin, but in order to d¢ so the skin must be Kept moist.
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Therefore, amphibians must remain ¢lose Lo a water source.
Reptiles have been freed from this tie to water by their
scalas (Wetlands Institute, 1994},

There are over 250 species of turtles in the werld today
{Wood, 1%%5a). They live on every continent except
Antarctica, and in most of the world's seas (Stone, 1989},

Diamondback terrapins are the only turtles exclusively
adapted to brackish water (Wood, 1994). They appear ohly in
the szlt marshes along the Atlanti¢ and Gulf coasts of the
United States (Stone, 1989}.

Diamondback terrapins are very distincetive in color and
markings. The shell, which is often grooved and marked with
patches, ranges in color from yellow to orange to green to
brown to black. Their legs and heads are often flecked or
spotted (Wood, 18%95b)

Females are much larger than males. The length of the
shell of a full grown female is six to nine inches, while the
shells of males only grow four to five and one half inches in
lencth (Wood, 1995b}. Also, femalesg have large rounded heads,
and short stubby tails. Males have narrow pointed heads, and
relatively long tails (Wetlands Institute, 1994).

Tarrapins have very mild dispositions, and are noti
aggressive. But they do have very sharp claws, and strong
hind legs. 1f picked up, they may panic and flail their legs
wildly, seratching the hands that hold them. Often an
unsuspecting human resacts to their struggling and scratehing

by dropping them. Injury to the turtle may og¢ecur if this
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should happen. Terraping willl not transmit any diseases to
humans as a result of handling them {Wetlande Institute,
1991).

About s century ago, thessa turties were regarded as
gourmet delicaciss (Wood, 1995b). This popularity resulted in
their being hunted to near extinction. Thig led many states
to pass protective legislation, which has been largely
respansiblg for their eventual recaovery (Wood, 1994},
Diamondback terrapins are protected by law in the state of
New Jersey in Lhe following ways:

~ Closed scason for terrapine is April 1at
to Novemnber lat, B20 fine for each taken

in closed season;

- Terrapins may nol be Lakeh by net, trap,
seine, ete., §50 tine for violation;

- Yo terrapin may be captured with a plagstron
length of less than 4 inckez, 325 fine for
vioclation;

- No tarrapin sggs may be taken, §Z5 fine
violation per egg {Wetlands Tnstitute, 1391}.

Though dizmondback terrapins have madae a significant
comeback, there is evidence supportive of a renewed interest
in tham for food. This could severely threaten their
populations once again (Weood, 1995a).

Diamondback terrapins spand most of their lives in
marshes and swamps (Wetlands Imnstitute, 1994). Eaerely are
they seen far from shore or in fresh water {VWood, 19953).
Those we see on land are famales looking for places to dig

nestd and lay their eggs. Their nests must be located above

the normal high tide line [Wood, 1995hk). In the past,

&L



terrapins favored the long stretches of sand dunes as nesting
areas. Today, moat of thease areas are gons tc development,
and terrapins hava haen foroced into new nesting sites, whick
often require them to cross roads and highways. ¥or lack of a
better envircnment, they somstimes lay thelr egds in people’s
yzrds or on the shouldere of roads. During this annual
negting period, which lasts from five to six weeks - from
garly June through mid-July (Wood, 19%95b) - literally
thousands of them zre killed by cars on the highwavs (Wood,
1854 ).

A significant nunker ¢f terrapins are also killed by
being teken for pets by paople with good intentions.
Diamondback terravins will aimost certainly die inm captlivity
beczuse thev do not naturally occur in fresh water, and most
people do not have the pecessary salt waler aguaria, which
are very expensive and difficull Lo maintain (Wetlands
Institute, 19591).

Besides habitzat destruction, Lhe greatsat threat to this
species currently is commercial crak traps. It is estimated
that tens of thousands of terrapins psr vear drown in the
50,000 crab traps sat off the New Jersey coast (Wood, 1295k).
Tﬁe Wetlands Institute hae developsd a device Called a
Bycatch ReduclLion Apparatus to pravent terrapins from
entaring orah traps. It has a 90% success rate, bub presenily
they are used on a voluntary basls only (Weod, 19395Dk)}.
Hopefully they will be requiread in the future.

Terrapin nests are consistently constructed in sandy
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substrate, or sand mixed with shell fragments, above the high
tide level. They prefer flat areas within dunes. Nesting |
areas must be within 250 m cf a tidal creek or other
ezfuarine waters (FPalmer & Cordes, 1988),

The density and percentage of vegstation surrounding
nests varies greatly, from completely bare areas to areas
with 75% cover. The vegetation typically associzted with
tarrapin nesting is dune or beach grass (Ammophila
breviligulztzs) (Palmer & Cordes, 1988,

Vegetaticn provides preotection for terrapins, but it
&1ls0 providesg habkitat for predafors. Optimum suitability
occurs when the shrub cover ig < 25%, the grass cover is 5%
to 25%, and the msan slope of the sandy area 1s £ 7 degrees
{Palmer & Cordes, 19E8).

The diamcndback terrapin lays from 4 to 18 eggs. A
typical nesting female will lay zbout 10 (Wetlands Institute,
1991). After the soft, leathery eggs are laid, the female
fills in the rest of the nest with earth, then cowvers it with
any available debris. This completed, sha lsaves. A beby
turtle will never know who its mother is. {Wetlands
Institute, 1994). Sometimes a female will nest more than once
in a season (Wetlznds Institute, 1991).

The =ggs take approximately 60 davs to hatch, depending
on such factors as humidity, temperature, depth, and
location. Each hatehling carries on its belly = volk sac to
feed on until it learns to catch its own food (Wetlands

Institute, 1994). 211 of the 2ggs hatch in the late summer or
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cariy fall. Oeccaslonally hatchlings will remain in the nest
through the winter, and emarga tha following apring, Onilv a
faw of them survive to adulthood, which is five to siyx yvears
after hatching (Wetlands Institute, 1991).

The sex of the voung i=s determined by the temperature in
the negt during the incubation period. Usually females will
inatingtively lay their eggs in an intermediate temperature
range to assure a mixture af saxas devaloping {(Wood, 1895a).
Hatchlings break through the shell with a special egy tooth,
which is not really a tooth at all, but a growth of keratin,
which falls off after hatching (Wetlands Institute, 19%94}.
The habltai requirements of terrapin hatchlings is virtuailily
unknown {Weod, 1995a). Biologists ére also vncertain how long
diamondhack terrapine reproduce and live. Their lifs span is
aver forty vears (Wellands Institute, 1994},

Diamondbeck Lerrapins feed mainly on a variety of

mollusks, cruatageang, anhd olher invertebrates including

hermit crabs (Pagurus spp.), fiddler crabs (Uca pugnax), mad

snalls {Ilvapna spp.), mussels {(Mytilus edulis), silversideasg

(Menidia mentdta), galtmarsh snails (Melanpus bidentatus),

and the syphons of clams (Palmer & Cordes, 1985; Wood,
1995s). subtidal mudflates and shallow tidal creeks are thea
most important feeding aredd for terrapins (Palmer & Cordes,
1s888).

Predators such as red foxes (Vulpes fulva), raccoons

(Progyon lotor), gulls (Larus atricilla), ard crows {(Corvus

brachyrhynchos) are a threat to terrapins orn land, Full grown
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terrapins can usuzlly take care of themgelves, but hatchlings
are easy prey. Eggs and hatchlings in the nest are often dug
up by predators (Palmner & Cordes, 1938).

The diamondback terrapin is presently being considered
as a candidate for the naticnal list aof endangered and

threatsned Epeciés (Wood, 1995a).

Least Tarn (Sterna antillarum)

Once 2 plentiful shorebhird, the least tern was nearly
exterminzted by zlume hunters at the turn of the century,
when & typical seasonal kill was about 100,000 birds (Ehrlich
et gl,, 1988). Passage of hunting lzws z2llowed far
stabilization of the species, which, eventually, suffered
immense loss of habitat end feeding arezs primarily due to
human activities.

Least terns tend to share their habhitats with black
ekimmers and piping plovers. Traditionally, thoy nest on
fiat, unvegetated substraete, including islands, sandbars, and
beaches. BEut because of increased fdevelopment and human
disturbance, dredoged-naterial sites are praopcsed as
alternatives (Kotliiar & Burger, 19386]).

The nesting habitat suitability of the least tern is
related tc type of substrate, percentage and height of
vegetation cowver, amount of predation and human disturbance,

and susceptibility of flooding. It is passible to use dscoys
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ag an intervention to attract terns to a potential nesting
area.

Substrate composition is strongly correlated with ¢olony
site selection. Terns usually select a site with a substrate
compesed of sand mixed with pebbles, shells, or shell
fragments. This mixture best camecuflages chicks and eggs.

TLaast terns avoid silt and clay substrates (Kotliar & Burger,
1986).

Nesting on spoil sites has been succeggiul, Islands, as
opposed to sites on the mainland, are more attractive to
terns, &3 they provide greater protection from human
disturbance and ground predators. However, spoil islands are
often small in size, enabling vegetation encreoachment to
occur at a rapid rate {(Ehrlich et al., 1988).

The least tern breesds at twe vears of age {Earlich et
al., 1988). They nest in scrapeg, separated by no more than
100 m. May and June are generally ithe months of peak
reproductive efforts of least terns (Carreker, 1985). After
laving the eggs, the mother will coal them by dipping them in
water, or shaking water on them (Ehrlich et al., 158E8}.

Chicks abandeon the nest onlvy a few days after hatching.
Parents often lead them to the edge cf the colony into areas
of some cover for protection {(Ehrlich &t al., 1933}.

Total vegetation cover in the least tern's habitat
raraely exceeds 20% (Carrcker, 1985). Vegetatlon can provide
cover for predators, therefore ingreasing predation on chicks

and eggs. It also reduces terns' ability to manceuver on
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ground, and inhibits construction of scrapes (Kobliar &
Burger, 1986}.

Vegetation can provide protection for chickgs, but in
areag with litile or no vegetation, beach debris can serve
the same purpese. Optimum suitability is between 0% and 15%.
Taast terns will not nest in tall vegetation. They generally
choosae sites where the vegetation is < 40 cm high [(Carreker,
1885%. Vegetation control is cften necesgsary o maintain
nesting suitability (Keotliar & Burger, 188&}.

To avold inundation, terns will offen nest some distance
from the high tide line, and may salect the more clevated
sections of é hraasding site (Carreker, 1985).

Taerns often nest with skimmers, though both are
tarritorial. Skimmers arrive first. When the terns come, some
degyes of competition for space i1s inevitable. Invariabkly the
gkimmers shift to the center of the site, while the terns
form their coclony along the periphery. The boundary betwsan
the two colonies ie thin, and usuyally the arsa of most furi
battles. Both saxas of both species take part in these
confrontations. For the most part, these disputes end zs each
colaony settles in to nest. Should they continue Lo be
aggregsive toward each othar on into tha brasding season, the
chicks become the targets of their aggresesion (Burger &
Fochfeld, 1992).

Tarnsg can bhe evtramely intimidating. This is the main
reason why skimmers choose to share a2 colony site with thenm.

This use of ancther species is called "social perasitiszm”
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(Burger & Gochfeld, 1992). Many predators will leave when
pursued by ternsg. Evenh hUmans respond to their screeching,
cireling, and diving. They will also hover and defecate over
intruders (Ehrlich et al., 13388).

least tern colonies can display high site fidelity. In
New Jersey, ceolony sites are abandoned only when human
disturbance, predation, or encroachment of vegetation rsaches
intolerable levels (Carreker, 1885).

Least terns fead primarily on crustaceans and small fish

including menhaden (Brevoortia tvrannus), silver anchovy

{Bngraulis eurystole), silversideg (Menidia menidia), herring

(Clupea spe.}, killifish (Fundulus kansae), and mummichoos

(Fundulus heterociitus) (Carreker, 1985).

Least terns feed 1in large areas of shallow water. Colony
sites must be located near feeding areas. The maximum
gistance that terng will fly to forage is not known, but it
is assumed to he approzimately 3.2 km. Potential lszast tern
foraging habitat is "any open body or channel of water known
to contalin, or suspected of containing, fisgh < 10 om long
that swim near the surface" {(Carreker, 1985, p. 10). They
hupt by hovering and diving from a few feet ahove the water
surface. Qecasionally they will feed on insects on land
(Cerreker, 1935).

The presence of predators can prevent least terns from
nesting. It may alsco cause them to abandon previous nesting
sites. Least terns may avoid nesting on dredged-material

islands that are > 8 ha, because cof predator. habitation.
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Pradaters include skunks [Mugtelidae), Norwey rats (Zattus

norvegicus), toxes (Vulpes Tulva), and houge cats (Falis

catus). Eggs and chicks are also preyed upan by numarous
avian species {Carreker, 1985).

Suitakle nesilling areas are characterized by low cover
and height of vegetation, protection from human disturbance,
and the presencs of shells or shell fragmnents in a sandy
substrate. Therefore ecfiorts should be mada to managa thasa
conditionsz. Dredged-material islands have excellent potentizl
as colonv sites bacause they are igolated from manv predators
and humans. But it is noted that in Waw Jeraey many of theage
sites have bzcome unsuitable dus to vegetation eancreachmsnt
(Xotliar & Burger, 1986).

In conclusion, the conflict between human aétivities on
beaches, and the hzbitat requirements of least terns, has led
the l&as3t fern to be lizted as endangered in the stepie of New
Jarsey (Kotliar & Burger, 1986). Improvement ¢f this status

may largely depend on habitat management .

Piping Plovar (Charadrius meleodus)

The piping plover 18 a #mall NMorth American shorebird.
They are usually beige with white undervarts. Their dark eyes
stand out from their pale faces. Outstanding physical
c¢haracterisfice include 3 single, white stripe aleong the

adges &f the Wings, a single black breastband, and a black
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bar across the forehead. In summer the kill and legs are
eranges, In winbter the bill hecomes black, the orange legs
fade to yvellaw, and the hlack kands disappsar (U. §. Fish and
Wildlife Service, 1995b}.

In the 1%th century, Audubon described the piping plaver
ag "common"™ on the Atlantic coast. But by the turn of the
agantury, uacontrolled egg collecting and hunting left this
spacias closa to extirpation. Tha Migratory Bird Treaty Act,
which was passed in 1918, allowed for population recovery to
gome extent. But again populeticns declined when great
gxpanses of habitat were lost due Lo construction of roads
and supmer homes at the shore, In the 1970's the plover was
inciudaed in the National Audubon Society's "Rlua List" of
birds with detariorating status [(U.S. Fish and Wildlife
Service, 1935k).

Table 5 summarizes counts of nesting pairs. It should be
pointed out, however, that when thesge c¢ounta appear to go up,
it is actuzlly bacause of inoreased census &ffort. (In Hew
Jersey, ths K.J. Division of Fish, Game, and Wildlife
sonjectures that abheout gne third ¢f Lhe populatlion indreass
can he attributed to increaséd survey intensity) (U.S8. Fish
and Wildlifte Service, 19985hb).

Piping plovers nest in shallow scrapes above Lhe high
tida line on coastal bszaches, barricer isiands,. sandflats, and
dredged-material islands. They prefer areas with litile or no
vegetation, They will neest under American beachgrass

(Ammophila breviligulata). Substrates range from sand, to
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mixturss of sand and shells, pebbles, or cobhbla (¥.3, Fish
and Wildlife Servige, 1995k}, Kests are seldom placed closaly
together. Normzlly thay are at leagt 100 feel apart., Extra
girapes ere made, but not used (EBhrlich et al,, 1%588). Adults
tand t¢ refurn to previous nesting sites (U.3. Fish and
Wildlife Barvice, 1990).

Fiping plovaers may begin laving their eggs as zarly as
nid-Az»ril, or as lzte as the end of July. Howaver, few hatch
after July 1%. Clutches usually average 4 eggs, one laigd
every athar day. Incubation time is about 27 to 30 days, zng
is shared by both sexes (Richards, 1988). Females often
desert broods before males (Ehriich et al,, 1988}, If the
initial clutch is destroved, the pair will gften rensst., The
nasts and agygs, which sre very well camouflaged, ara
extremely hard to d=tact (U.5., Fish and Wildlife Serviee,
1990). Piping plovers are monogamoug, and hreed by cne year
of age {(U.2. Fish and Wildlife Ssrvice, 1995h),

Chicks cften lzave the nest within hours of hatching.
The adults tLtend to them by sheltering them from harsh
wezther, protecting them from predators, and leading them to
feeding areas. The chicks remain with their parents until
ﬁheY fladga (U.,%5, Figh and Wildlife Service, 19956b).

Coloration is the main defenge of piping plovers. Thay
are 2lso known to crouch arf becoma mationless to avoid
intruders. Adults, in order to defend their youndg, mav
display distracting behavioers such as feigning injury. or

runnling (U.3. Fish and Wildlife Sarvice, 1995h).
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The diet of piping plovers consists primarily of
mollusks, crustaceans, flv larvae, marine worms, and beeseitles
(U.S. Fish and Wildlife Eervice, 19396b, 15%0). Their nmain
feeding areas are mudflats, wrack lines, salt marshes, and
ghorelines. They feed by either foot-stomping to locate food
before pecking, or by means of quick, short runs interspersed
by random, rapid pecks {(U.5.Fish and Wildlife Service, 1990}.

The present decline in population numbers is caused by:
i) predation, 2] hakitat loge and decgredation, and 3)
disturbance by humans and domsstic animals.

Predators include raccoons {(Procyon lotor), red foxas

{Velpes fulva), skunks {Mustelidae), opossums (Didelphis

virginiana), Nerway rats (Eafttus norvegicus), gulls {(Larus

atriciila), ravens (Corvus corax), and domestic and feral

cate and dogs. Nesting gulls —cmpeting for space are a great
threst to plovers (U.8. Fish and Wildlife Service, 1990).
"Eighty-three percent of the 178 current and potential
[.5. breeding sites support other Federal or State listed
spacias” (U.3. Fizh and Wildlife Service, 1995b, p. 43). For
exznple, nesting plovers often coalesce with seabeach
amaranth;lbut it is now extirpated from Delaﬂare, Marvyland,
Massachusetts, New Jerssy, Rhode Island, and Virginia. Also,
beech tiger beectles, which used to be plentiful on ocsan
beaches from New Jersgsy to Massachuseits, presently cccur on
two sites only; both of which are in Massachusetts, and are
also used by piping plovers (U.8. Fish and Wildlife Service,

1995bj.
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In 14986 the piping plover was listed as threztened and
andangaered under provisions of the Endancered Species Act of
1973 (U.8. Fish and Wildlife Service, 1995h).

Disturbance bv humans and pets, predation, and habitat
loss and degradation are currently the main causes of the
on-oolng population decline of the piping plover. As a result
of this small »epulation size, the species ig risking loss of
genetic diversity. This mskes them very vulnerahle to
extinction (U.5. Fish and Wildlife Sarvica, 1995b).

Intensive protection efforts are presently being
implemented, and there is some evidence of recovery. The
population has lncreased from 300 palrs in 1986 to 1150 peirs
in 1994, However, as previously noted, this ingrease is
highly attributsble to increased survey afferts,

Delisting of the piping plover liay be considered when
the following criteria are met in the four recovery units
which consist of Hew England, New York-New Jersey, Southern
{DE-MD-VA-NC), and Atlantic Canada:

1. The numbker of brasding pairs reaches 2000,
and this number is maintained for 5 years;

2. It iz wverified that 2000 pairs are sufficient
to maintain long term diversity in the species;

3. The breeding pairs average 1.5 fledged chicks;

4. Long term agreements are established to assure
managenent and protection to maintain the target
grecies;

5. Long term agresments are sstablished for
maintenance ¢f wintering habitat.

Full recovery is anticipated by the year 2010 (U.3. Fish

and Wildlife Service, 1898L).
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DISCUSSION AND CONSTDERATIONS

Innovative usas of dredged material are hecoming
neceseary to meet the demahde of environmental, engineering,
ard economic standards for disposal of dredged material., Use
cf dredged material for habitat enhancement is both feasihlae
end encouradged,

There are dangers involvad in trying to attract nesting
hirds to new islands, First, in an area such as Stone Harbor,
Wwhich iz a busy tourist/recreation area, evan a seemingly
sacluded island, such as Gull Jgland, will be frequentad by
people. Disturbance to nests by humans is inevitabls to zome
degree. Measurss must be taken to keep this disturbance as
minimal as possible. Sacond, thie ieland is not far from
mzintand beaches, marshes, and towns, fherefure cenabling eagy
access [or predateors such as Norway rets, raccoons, snakas,
gnd toxeas.

The recommendations made in thig chapter are hased on
this author’'s obsgervaticns, without ready acﬁess to prior
studias conducted in Stones Harbor.

Options znd considetrations are discussed below, followed
by a 1ist ©f Lhe authors final reﬂnmmendatiané for the

enhancement of Gull Island.
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fize and Shape

Presently, the four existing dredged-material islands

stand in relation to one another as jillustrated helow:

O,
®

Connecting the four existing with dradged material would

result in a somewhat triangular configuration:

®
&

ALl corners should be rounded off to limit erosion. Most
likely this rounding off will occur naturally.

The finished product should be 2 gently sloping,
triangular island, we=ll rounded at the corners. The slozpes
should be no greatsr than 1 m rige per 30 linear m; at no
point less than 1ﬁ m wide sbove the mean high tide line. The
guthor estimates this island will be an area that is

apprcximatel? & acres, which is suitable size.

Elavation

The overall elevation of thig island should not ke =0

tiigh that the substrate will not become stabilized due to
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wind eroslon, but high enough to prevent flooding of the
colony site. Optimal elevatieon is between 1 - 3 m. (Coarser
matarials stabilize at higher slevations than finer
materials.) An elevation of about 3 i is recommepded hecause
vegetztion becomes eatahlished at a alower rarte ab a higher
elevation, and this will bz above most high tides.

i m= 10 feet x 6 x 1612 cubic vards = 96,720 oy of solids.
Afiter coneclidaticon, scttling, and sorting of dredged
wmaterial, it will take well over 97,000 cy to be sure
elavation and 8lepe are sorrechkt. [(This is based on Lhe
author’s eatimation that the completed island will he roughly
2 ZCcres. )

This site should contzin highér sand mounds
{gpproximately 2 m high), 2= well a= =son= flatter zareas. Ths
habitat nust be lacated a2t a4 hicher elevalion than the
flondwater to prevent inundation during the neating pariod,
Under severe storm conditions, even this height may bea
cvertopped by waves. However, a higher elevaticon will cause
blowing sands. The strategvy is Lo provide encugh surface
above mezan high tide water that the birds can find zZrez away
from the most exposzed edge, but where predealors and humans
won't Iind them. Tt ia recommended that tha mean high water
tidal datum be used to represent floocdwater elevation. This
information is maintained by Che Nalional Ocean Service
(Carreker, 1985).

The mecan slope should be 15:1 to 30:1 (1 foot rise in 15

feet to 1 foot rise in 30 feet), Gradusl siupes seem Lo
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dissipate wave energy better than steep slaopes.

Substirate

To accompmnodate the nesting needs of the target species
in thig project, a fragmentary substratae is preferable.
Dradgad materialjhaslcertain percantagas of fine-grained
material (silt, clay) which cannct be separated out.
Substrate consisting oF all s8ilt and/or clay is susccptible
to washout during spring and early summer torrential
precipitation. An all gand substrate is unstable during high
winds. An all fragimentary substrate 18 unattractive to
skimmers and terns, Ideally, the racommendation for substrate
ig 60-80% =2and and 20-40% fragmentary material (pebhbles,
shalls, broken shells, cobble). Realistically, this precision

is not controllzble.

Vegetation

Bird use of an island is directly related to the
vegetation found on it (Scots & Landin, 1978).

Tha author racommends all preaviously sstablished
vegetation be smothered with dredged material, and controlled
5? a conbination of hurning and sprayinhg with Rodeo. This
chemical is a restrictaed use herbicide put cut by Monsanto
fAtzert, 1995), that has been approved for use in New Jersey
wetlands (Landin, 19%&). A licensed zerizl spraver may ke
contacted., Bul because aeriasl spraving is expensive, and 1t

is often difficult to control off-aite application {(telephone
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interview: sSchrading, 199¢), manuzl spraying is also an
option. A third option is a combhinatien of theas two mathods,
using manual spraying along the edges of the project site to
limit aerisl off-site application.

Epraying should be deone in the fall., Afitser sprayving.
dead vegetation can he remeved by hurning. If burning is tao
take placa, a fire management plan must be written and
approved by the New Jersey State Forest Tire Service.

Two sprayings may be necessary. If so, the second
spraying would most likely not have to be as heavy as the
first, and should Lake place the following fall.

Once Lhis vegetalion has beeb dleared away, any
nacasaary earth moving and shaping should be done. Disking
and harrowing should be carried out to maintain barese ground.

Many cptions werec explored concerning .planting of
vegetation. Possibie recommendations include:

Flant sparse, low growing vegelalbion in scattered,
dispesraad clumps. Vegetation ancroachmant will cause loss of
habitat. Dense vegetaticon provides cover for predators. it
mzy a&iso inhibit construction cf nest scrapes,

some vegelalion may be necassary to protect chicks and
eggs Trom exposure to weather and predztors. Qther materials,
such as debris depcsited from the water, wiil serve this
purpode alao.

Thisz island should be a combination of bare substraie
and sparselherbs, i.&. aboul 7% vegetatlon. The author

consider=d using the following vegeatative oropagules and
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fertiliring with 2 general purpose fertilizer. Fertilizer
should ke applied initiallv, then at intervals for the first

tWwo vears,

Amecrican beachgrass (Ammoohils breviliqulata)
- best propagule type = transplantsg
- ¢olleclion periods = Oct - Mar
- temporary storage = welt sand bads or pots of s8and
- planting periods = Feh - May

- mature height = 1.5 m

Saltmeaﬁow cordgrass (Spartinag patens)
7 - best propagule type = transplants, geedlings
- colleciion pericds = vear round {scuth)
Mar - 0Oct (north)}
— temporary storage = wat 2and beds or potes of saznd
- planting periods = Fabh - Juhe

- mature height = to 1 m

Saltwert {Salsolz kali)

— beet propagule type = transplants

- ¢ollectilon periods = Sept - Mar

- temporary storagae = fand beds or pols of sand
- planting periods = Mar - Junc

- mature height = Lo .6 m

A poctential problem to consider 1s that baachgrass
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spreads rapidly and tends to guickly becama laas than optimal
for target species. Also, the high marsh species require
floocding.

After careful consideration the author congludsd the
best opticn for this project is to NOT plant the maw island.
There ghould Dbe enough of a seed bank in anv dredgsd matsrial
used to ioin the four islands, that the problem will be

kaeping vegetatiorn off, not planting and encouraging growth.

Predatorg

A2 menticned, this i=s an area of high predaticon. The
g2ite iz celonized by herring gulls, and there 1is evidence of
what the author bellseves to bhe Norway rats. Terrapin nests
hzve been destroyed, most 1Tikaly by racooons.,

Between the burning and sprayving af vegetatisn, and the
plzcement of new materisl, habitat changes mavy be encugh to
ciscourage these predators. Herring gulls do not prefer bare
ground. COnce the new island is astablishaed, the open sand and
sparse vegelalicn should not attract them. Howevar, harring
guils deo tend to returp to their nesting sites, often even
after they have becn altered. To further deter them, if it is
neces2ary, "timed disiurbance" may be used. This is done
beforce the terns and skimmerg reifurn to nest. If encugh
disruption occurs, the gulls may chaoose another nesting site.
Thiz ig g risky option in thatrthe possibility axists that it
could virtually eliminate skimmers and terns. "Timed

disturbance" has besn tried before, in oLher regions of the
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nited States, with partial surccess {telaphone interview:
Landin, 19%6).

Another methed isg excluszion, Thiz iz done by suspending
fines wiree or nvlon monofilament line over the isiand. The
wiraeg should ke hung in long parallel spzons op to 80 feet
apart. Gulls will rarsly fly uhdeyr, or batweeh, fine parallel
wires. The reascons for this are unknown (Solpman, 1985). This
ig not & new Lechnigque., IL was devised in Victoria, Britisgh
Columbia, in 1927. In 15%71 wire exclusions were installed at
Big Canvyon FRescrvoilr, and in 1975 at Ban Joaguin Reservolr
{Orenge Countvy, CA), both arezs of excessive gull intrusicn.
It is reportad that the affect on gull flocka was immediate,
onoe descending close enough to observe the wires, all gulls
departed. Success was complete {Clark, 1%80). There are
soveral other reported success stories using this technigue,
a8 well, including over crops, bulldings, ponds, dumps, and
athar araas whars gulls have been a nulsance,

Fencing is also an option, 1f necessary. Howeavar,
fencing can speook terns znd skimmers (Landin, 1995). Fencing
may also quicken the dune/vegetation growth process
{telephone interview: Turner, 19%é).

The idea of placing os2pbrey nests at each end cf Lhe
island was cxplored. Osprevs will keep awavy gerial pradators.
They may alsc deter the avian tazrget epecies fraom nesting.
Alac, Terns may attack the ogprey (Jenkins, 1955},

BAssorted scaring devices such as distress and alarm

calls, shotgun shells, gas-powered exploders, shellerackers,
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2s well as chemical frightsning agents, are additional

alternatives for dealing with predators.

Timing

Timing is a @ritical factor., Every step needs to he
thoroughly planned in advance according to environnmental
windowa and tims limitations, For example, the gpraving and
burtkiing must be completed so Lhat dredging can be done either
in Sept-0Oct or Mar-apriil. Months of peak reproductive effort
nust be avoided. Construction should be completed within a
time frame that will azllow materizal teo settle and sort by

late spring.

Monitoring

Thig zite should be monitored for success: {(success
haing Lthe colonizatlor snd reproductive success of one, or
any conbination of, the target sapecieg). Great care should be
taken not to causc significant colony disruption during all
monitoring and maintenance processes.

In aorder for any wildlife management plan to be
cftective, populestion data on the species involved naads to
be oblLained and updsated periodically. This island will also
naad to be monitored for natural predators.

It is imparative that ercsion of this 3ite be monitoread.
The author has anticipated_this to be an area of low wave
activity, and hes therefore nol reconnended any means for

containmant. Subatrate ¢an ke giabllized by straleagic
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planting, but the author is recommending no planting.
Therefore, stabilization of substrate will be completely
dependant upon low wave condltions, low wind fetches, and
natural colecnization of vegetation.

NOTE: The person{(s) conducting monitoring should be
aware of existing information on status of the target
species, levels of breeding populationsg in the area, and
should be qualified to conduct censuses, if necessary. Any

census causing too much digruption should bha discontinued.

Maintenance

Long-term maintenance of this site will be necessary.
This plan hzs been designed to require limited maintenance.

2dditions to the island {(additicnal applications af
dredged material in later years) may be used as a management
tool in the following ways:

1. to help control erosion,

2. to maintairn elevations,

3. to provide additional bare substrate, and

4. to help =low down vegelation encroachment.
Colonies have responded favorably to island additions in

other regions of the United States (Landin, 1996}.
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FINAL RECOMMENDATIONS

Size and Shaps

1. Copnect the four existing dredaed material islands
with additional dredged material. 1612 cubic yards
[of solids) = 1 acre/foot. Dredged material is 20—
30% solids (Landin, 1%%&6]).

2. Re saure the slopss are no greater thanm 1 m rise per
30 linear m.

4. At no point should the igland be 1ess than 10 m wide

ahove the mean high tida line.

BElevation
1, Avarace alavation should be 3 m.
2. T#land should he a3 combination of higher =zand mounds
(2 m} and flatter areas.

3. Megn slope = 15:1 o 30:1.

Substrate
1. The substrate should be sand mirxed with a high
percentaga of fragmantary materizl (shells, broken

shells, pebbles).

Yeaelalion
1. Smothar praviously established vegetation with
dredged materizl.

2. 8pray with Rodeo. Mhis should he dona in the fall.

84



3 1

hurn desd vegetation. Conduct burn alter the first

spraying (between Jan and Mar).

4, If & second gpraving is necassary, conduct the
following fall.

5. Allow this island to coclonize naturally to &
combination of bars subsirate and gparsge vegetation.
Do not plant. '

Predators

1. Alter the habitat by removing vegstaticn.

2. When the Norway rats return, have tham trapped and
removed from the island as quickly as possibile.

3. Tf gulls return, use the exclusion methﬂd of sus-
pending parallel wires acrosgs the island approximate-
ly 15 - 20 faet apart. Use any of the following:

B. fine steel wire; 0.01% in. or 0.4 nm diameter,

B. stainless steel fishino lins; 0,25 mm diametar/
tensile sLirencth of 7.2 Ky,

C. .015 in. diameter, coated, stainless steel
spring wire (similar to piano wire),

D. nvlon mopoflilanent line.

Timing
1. Time all construction activitiasa ac that the island

is ready to accommodate the target speciss hy spring.
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Monjtoring

1. Annual monitoring should be conducted.
2. Monitoring should include:
4. Boil sampling
- analysis of ph, salinity, and availahilify
of major nutriants,
- elevational changes.
B. Vegetation sampling
— success of the vegetation removal program -—
record specles, paying particulay attentieon
te undegirable speeies{ such as COoOmmon
raad,
- colonization rates/percent cover,
- condition of plants (vigor, abnormal graowth,
atunting, chloratic tissue, disease, insect
infestation, wildlife damage).

C. Documentaticn of wildlife use

diversity

- observation {droppings, tracks, nests),
— check for signs of pradabtion,

- gansusing {(everv Z vears),

- check for existing success of targsh

specles,

Maintenanaa

1. Vegetation

A. Bemove periodleally to pravant ancroachmant.
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B. Maintain approximately 5% — 10% vegetation.
. Completaly avold common reed.
D. Use any combinations of the following methods

to keep percent of c¢over down:

tilling
— herkicides
- contrel burning
- spraying site with salt water or Ureabore
{a highly concentrated sait solutlon)
- depositing additionzl dredged material.
2. Predators
2. Check pericdically for signs of predation. If
the removal of predators is warranted, trapping
can hbe done successfully, A professional trapper
should be contacied for removal programs.
B. Check exclusion wires for breakage. Repairs, if
neceszary, must be done immediately.

3. Post signs on the island for protection, and to
provide infeormetion to heaters trying to access the
igland (figure 10).

4, Continue to add additional dredged material to the
island.

5. Remove dehkris and drift lines that may harbor
Norway rats.

6. Remove piles of clam shells.

7. Encourage local anvironmsntal groups to adopt this

maintenance program as an ongoing project.
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Figure 1

7.5 minute cuadrangle mép of Gull Taland, Stone Harbor, NJ.
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Pigure 2

Aerial photograph of Gull Ieland
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Figure 3

Btudy Arez for Finfish 3urvey

Allern et al., 1978
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Figure 4

Hereford Inlet
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- In southern New Jarsey.
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Figure §

Two Types of Dredged Materilial Islands
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Figure 6

Champacgne Island
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Figure 8

Igland 4
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Figure 9

Island 4
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Figure 10

Sample of a Posted Izland
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Figure 11

Illustration of the Target Species
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Tzble 1

Colonial Waterbird Spercies found Nesting on
Dredged Material Islands in Seven Regions of the
Corpa-Maintained Waterways

Eeginnsz
NG NJ GL PNU

epecies TH

i

Waite palican

Brown palican
Bouble-gregted cormorant
Olivaceaus cormorant
Anhinga

GGreat blue heron

Creen heron

Little Blue harem

Cattle epret

Reddish egret

Great agret

SMOWy egret

Louisans heron

Eleck crovmed night heron
Yellow-srowned night heron
White—faced ibis

Glossy ibis

White jbis

Rosearte spoonbill
Glaucous-winged gull e
Great bhlack-backed gull
Herring gull

Westarn guli
Ring-billed zull
Laughing gull
Gulli-hilled tern
Forster's tern

Common tarn

Roseate term

Least tern

Roval tern

Sandwich tern

Gaspian tern

Elack tern X x
Black skimmer

L
b
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PR b 2
PO BT R b

b e bd B B DO Bl R b ]
==
L

PP B DM P R R
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B

-
B
b
e

foolts, B. F., & Landin, M., 1973
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Table 2

T1ls8t of Specles Which Are Year-round Residents of the

Hereford Inlet Evstam

Conger ocean|cus
Andyilla rostrata
Brevoortia tvrannus
Anchoa mitchilli
Opsanus tau

Uraphyeils reaius
Cyprinodon varicsgatus
Fundulus hataroclitus
Fundyius majalis
Lucania parva

Manidia manidia
Manidia baryilina
Tautoga ondtus
Tautoagolabrus adspersus
Bobigsoma ginsbargi
Gobiosoma bosci
Myoxocephalus aensus
LSmmocdytes americanus
Scophithalmus aguosus
Pseudoplauronectas americanus

Gastarosteus aculantys
Apeites quadragus
Syngnathus fuscus

100

congey eal

American ael
AtTantic menhaden
bay anchavy

oyster toadfish
spotted hake
sheepshead minnow
mummi chog

striped K177 fisn
rainwater k111i7Tish
AtTantic silversida
tidewater silverside
tayutog

Clmey

seaboard goby

naked goby

grubby

sand lance
windownane

winter flounder
threespine stickleback
fourspine stickliebagk
northern pipafish

Allen @t al., 1978



Table 3

List of Species Which Reproduce Within the
Haraford Inlaet System

Mustelus &anis
Brevoortia tyrannus
Anchoa hepseius

Anchoa fwitehilli
Upsanus tau

Risspla marginata
Cyprinodan variegatus
Fundutlus heteroclitus
FunduTus majalis
Lucania parva

Mepidia menidia
Menidia beryllina
Basterosteus aculsatus
fneltes guadracus
Sygnathus Tuscus
Hippocampus ersctus
Bairdiella chrysura
Cynoscion regalis
Mepticirrhus saxatilis
Tautoga onitus
Tautogolabrus adspersus
Gobiosoma ginsbargi
Eobiosoma bosci
Prionotus carolinus
Prianotus evolans
Etropus microstomus
Scophthalmus dquos s
Pseudopieuronecies americanus

101

smooth dogfish
Atlantic menhaden
striped anchavy

hay anchovy

oyster toadfish
striped cusk-eal
shespshead minnow
mummi chog

striped kilTifish
rainwater killifish
Atlantic s7lverside
Lidewater silverside
threespine stickleback
faurspine stickleback
harthern pipeafish
lined seazhorss
silver perch

weakfish

northern Xingfish

© tautoy

cunner

seaboard goby

naked goby

northern searabin
striped searchin
smallmouth Tlounder
windowpans

winter flounder

Allen &t al1., 1972



Table 4

Summary of Ecological Pata for Species Collected in the

Heraeford Inlet Estuary

Common name Seasonal Annual Geographic fccurrance in
Qecurrence {Occurrence Distribution | Sampling Gear
LERE e g oo FaxxD2F
=2 =0 Lad = OTV T ] = 3 Q =~ 1B
—te = et To= = F T4 =& ==
= o Y oo o
== = — a - =
=1 T =
— [ a1
il
smooth dogfish XXX XXX XX X X X X b3
roughtail stingray X X b XX X X
bluntnose stingray X X XXX X X X % X X
spiny butterfly ray X X X X % X
smooth bulterfly ray X X XX X X
bullnose ray - X b3 X X
winter skate b4 X X X X X X
Tittle skate X X L X x x
clearnose skate X X A X X X
conger el XXX X% X X X X X
American eal XXX XX XXX XXX LX X XXX
American shad X % X X X X X X %
biusback herring XX X XX %K X X
atewife P S X X X X X % XXX
Atlantic herring XX XX X X % - Ix %
Atlantic menhaden X X AKX XXX AK XX X XX XXX
striped anchovy X X A% XXX X X XX %
bay anchovy X AKX ¥ X XXX X X X X X X
inshore lizardfish X % X X XXX XX XX
nyster toadfish XA XX XX X XX Xo) XX X %
pollack FE T ¢ XX % X X X X
spotted hake XA XX XK K oXR XX X XX XX X
red hake XXX X X X %X x XXX
white hake XX X 0X X X XX
Atlantic cod % X XX X
silver hake X X X A X b X
striped cuskeel XX X X XXX X X X X X X
Atlantic needlafish X% XXX XX XX X
Allen et al., 1878
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,m Fishes 3 » WK K »
£ Crustacea = L e o LR, ®om Momowox oM =
w_.ﬁ:._:mrm X oMo w M Bos KO KM MR X M
-~ Polychaetes X ® = ® =
= Plant x e
Hee Mo M M oMM *
Kursery .
Ground Tes »MoOR MMM OMOMOMK XX M M Mo M oM M
Spawning Mo BOMOB M MM MR Mo W oM M < Mmoo =
Activity
Vas b = Mo Er s o™
'L
=
A Adult WM MM N K MMM » MoMoM M M o PR
hm:...m__:m o KR M R M M omx OMomomx ¥ XM
o Lzrvae » R R R oM om =
m_mmm_ [P * ®
43
L
&
i
& Shallow coastal ®oOH K M BOBOM MM M M oM MM MM K M M MMM NN K
& Dbstructions o ¢ % K
= Marsh .. = » *
hn:m::ﬂm X ow R Mo o300 MM MR o M W o M 3 3 M om M oMM
Wm:cw.m MM N 3 B L Y T ~ x
x=
Frequency of
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cont.

Sumary of ecological data for spacies coliected in the Rereford
Inlet Estuary

Common name Seasonal Annual G@egraphic Dccur?ence in
Occurrznce |Occurrence Distribution  Sampling Gear
R o — i — —f 0 N o
e e b e Bt B B | = M =g L B ST
= 3—= [ZERE R By ] == 0 = [
— g -+ 4= B R o4 S ET =0 =]
b o] o o - I -
W =3 - E ===
— o+ =
T
sheepshead minnow XX XX XX XXX X X XXX
murmi chog XK XX XREXX XX X XX XXX xx
striped Kii1lifish AKX X XXX XX X X X ¥R
rainwaier kiTI1fish XX XX X X X X X b X
spatfin killifish x X ¥ X
hal fbeak b b XX X
Atlantic silverside X X A X X X X X X X X X X X X K
tidewater silverside XX XX XX XXX X X X
rough silverside X X X X X
threespine stickieback |x x x X X X X X X X X X X X
fourspine stickleback ix x. x X X X X X X b
bluespotted cornetfish P KX X X X % XX
narthern pipefish X X XX K X XX X X X X XXX XX
Tined seghorse XX X K X X X X X X %%
white perch XX " X X X X X X
striped bass X X XXX X b
Jaqg X X X X X% %
black sea bass XX X K X X X X X XX RRX
snowy grouper X X X X
cabia X X XX X X
btuefish X X X K X X X X X X XX X X
short bigeye X X X X ¥ XX
Atlantic moonfish X X X X
Florida pompano X X X X
crevalle jack X X XX % X X
horseaye jack X % X b
bigeye scad X X X X
raugh scad X K e X
{(next group is conkinuous with the last one)
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b
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cant.

Summary of ecological data For species collected in the Harefore
InTet FEstuary

Commen nama Seasong] Annual Seographic Qccurrence in
{ccurrance |[Qccurrence Distribution | Sampling Gear
Lt = . 03— —] =1y ==
= s /o S ] e e ) om= M= = 1 e T
=52 —= L PN on o~y =N B T =
-5 e mweT4 - JEfTD=o- fo
= (T m o - — | Q] o
0o o= = - D ok = e
=" rn:.
=
pilot fish X X X X F
bTue runner ] X X X X X
banded rudderfish X X XX ¥ * X X x
permit X X X X X
lookdown X X XXX Y X X X
African pompana: X S X X
golphin b X * X
Rpintish X X XX R X
SCUR XX AKX XX * K XX X
spatied seatrout X XX XX X %
Atlantic croaker X XX X% AX M x
tilvar parch XX XX XX XX 2K X
wedkTish iXK XX XXX X% XX XX XX
Shot XXX X R KX X X X XX X %X XX
northern kingfish X X XK XXX X ¥ oK XXM
gray snappar ix X X X%
tautog X XXX XX ¥ XX X X XXX XXX
cunner X X X ¥ XX XXX X X AAK XXX
stripad muliet XXX XA XXX X X X X
white mullet XX X XAXXX xx ®
northern sennet XX X xndxHx i X X X
seaboard gohy XX %X XX XXX X A OX XX
naked gohy XX XK XA XXX X X RX X %X
grubby X XX X X X X xx ¥
spetfin butterflyfish ¥ % X ¥ % XX
nerthern stargazer XX x XX ¥ x X X
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Fishes
Crustacea
Mol lusks
Palychaakes
Plant

Major Foods

Nursery
Ground

oM M=

Spawning
Activity

Yas Mo | Yes No

Mo o M M

dult
uvenlle
arvae

M ==

w
=}

-

LiTe 5tage Present

Mo oM Mo M

Ohstructions
Marsh
Channels
Shore

Habitat Type

Shaltow coastal

oM

H X HMNX

Frequency of
Dcecurrence o
Collections

<14
<1%
1%
1%
< 1%
<14

x

X
x

A K
XX R X

X XXX
XA KN
X X XX
XX XX
X XXX
X XXX
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x
RX
XX
X X
x
XX

x

1%
2%
21%
2%
5%
25%
5%
<%
14
5%
1%
2%
£7%
1%
<1%
1%



cont.

summary of ecological dafa for species collected in the Kerzford
Inlet Estuary

Common name Seasonal Annual Becgraphic Occurrenca in
Oczurrance {Qccurrence Distribution | Sampiing Gear
A o = - mw o
3523 [3Eaes 23 BEE ERT
e T op o= JI T =0 fm
= o ST —l M — o
a5 5 - @ S~
e T
ﬁ.'-T.i
butterfish XX XX XXX X %X XX XXX
narthern searobin XXX XX XXX % X X x XXX
Striped searchin XXX XX XXX X% XX XXxXX
flying gurnard XX ¥ X X X ¥o%
American sand Tance XXX X XXX XX X X XX XX
smalimouth flounder XK K XX XXX _ X XX X X
sumer Tioundar X XX XX XMX X XX XXXX
windowpane XX XX XX XXX X X X X XX
winter floundar "X X x x X X X % X X % X X X %N
hogchaker X X X £ X %
blackcheek tonguefish xR R OX XX X
gray triggerfish b X . X X
orange filefish X X X XXX % X 3]
planchazd filefish X X AKX X XX xn %
striped burrfish X X % X X X
smooth puttar XX XXX b X
northern puffar X X X R XXX x XX X
smocoth trunkfish X X XX X X ¥
crested blenny X ® ' X X
feather blenny X x XX XX X X x X
harbfish X X % X
scorpionfish X X X %

108



L
2 Fishes

£ Crustacea
. Hollusiss

o Polychaetes
2 Mant

X
X

Kursery
Greund

Spawning
Activity

Yas No | Yes No

Adult
Juvenila
larvan

£ag

iLiTe Stage Present

X
R XX
ANXEX

X

ARX
LA -
RAXX

XA

A

x4 X

VX?{KI
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A Shailow coastal
' Obstructiaons

« Harsh

g Channels

‘= Shore

Y

a

Ha

X
x
X
x

-4
A
“

X
X

Frecuency of
Occurrence in
Lalleckions

2%
=1

2%
14
12%
12%
12%
£1%
1%
<14
1%

2%
=%
<1%

1%
1%
=1%

1%
1%
< 1%




Takle 5

Summary of Atlantic Coast Piping Plover Population Estimate

STATEMEGION

Maing
Mazsachusetls
Rhode |siand
Conneactiout

NEW ENGLAND

New York
New Jersey

NY-NJ REGIOM

Delaware
Maryland
Virginia

Nerth Carslina
South Carolina

SRUTHERN REGION

WS TOTAL
ATLANTIC CANADA

ATLANTIC COAST

1986 to 1994

PAIRS
1986 1987 1988 1989 1990
18 12 20 16 17
138 126 134 137 139
14 17 19 19 £a
20 24 27 L} 43
184 178 200 206 oy g
106 135" 168" 191 185
102° o3t 1050 4128 126
208 228 273 19 3z
g 7 3 3 B
17 23 25 20 14
100 100 103 121 125
307 a0 a0 55 58
e - - - .
158 160 171 199 200
550 567 644 724 738
240 223 238 ] 229
790 780 1] os7 863

page 22,

1987 estimate & that from 1286,

1931 estimate,

1991
18
160

25

240

191

126

37

17

13

194

721

225

9a7

g8

24

213

187
134
S21

24
97
a2

172

T30

2zg'

1026

1883

289
H

378

132

127
318

19
106

180

- Y
2zg'

1M

The New Jersey plaver coordinztor conjectures that one quarter to one third of the apparent
population ncrease between 1986 and 18289 [ due o Increased survey affort,

T 8 8 »

30

449

208

124

268
182
1150

The recovery tearm believes that this estimeate reflects incomplete survey effort See discussion on

The recovery teamn believes that the apparent {1936-1989 Increase in the North Cargling popuiation
is due to intensified survey efforl. See discussion on page 22, No achral surveys were made In

U.8. Fish and Wildlife Servige, 1985
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Chapter Five

SUMMARY AND CONCLUSIONS

Summary

There are four dredged materizal islands located on Gull
Island, in Stone Harbor, New Jersey. No plan exists to
establish or maintain habitats on these islands.

This study exXamined this ogroup ¢f islands, and developed
2 plan to enhance them for habitat use by black skimmers,
diamondback terrapins, least terns, and piping plovers.

A baseline survey was conducted on these gites to
establich data concerning composition and inhabitants.
Extensive research was done oh the habkitat needs of the
target species, and beneficial uses of dredged material for

habitat enhancement and creation.

Conclusions

The author concluded that Gull Island i= a feasible site
to anhance for habitat use by Dblack skimmers, diamendback
terrapins, least ternsg, and piping plovers. By engineering
and maintaining the islands in terms of size, shape,

elevation, substrate, and vegetation, desirables habitat can
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be obtained. This project will simultanecusly satisiy the
need to dispose of dredged material.

The final plan, which is a compilaetion of
recommendations, is based on the author's judgments after
reviewing all ¢ollected data and research.

The four amall islands should be connected with dradged
material to form one gently sloping island, which will be
approximately six acres in gize., This will allow for
construction of some expansive beach areas, as well as higher
dune Aareas.

The overall elevation should bhe about 3 m, which is high
snough io deter rapid vegetation encroachment, but low encugh
to prevent a¥cessive blowing sands. This elevation will alsao
accommodate the target species' needs 10 negt above the mean
high tide line, under normzl conditlons.

In comparing and contrasting habitat nesds of the target
species, two common denominators were a fragmentary substrate
and aparse vegetation. The recommendation for gubstrate in
this project is sand with a high percentage of shells, broken
shells, and/or pabhlas. No vegetation is to be planted; allow
for natural colonization to occur. Natural colonization is
defined as "the process in which plant materials grow
naturally" {8cil Consarvation Serviece, 1992, p. 13-45). This
will raquire the availability of plant propagules, which will
be supplicd by the dredged material, as wWell as the wing,
which will ¢arry #eeds from nearby colonized areas.

The previously established vegetation on the izgland,
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which is predominantly common reed, should be elimipeted by
emothering with dredged material, spraving with Rodeo, and
burning.

Altering this island, in terms= of vegetaticn, should, in
turn, eliminate predators. If herring gulls continua ta pose
a threat to the new island, axclusion wires should be
erected. When the Norway rats return, they should be Trapped
off the lgland inmediately.

This praoject should be monitored for colonizatibn of
vegetation and wildlife, predators, and erosioh. Maintenrance
Wwill be necessary for leng Lterm sucesss,

Connecting the four islands will reguire = large amount
of &redged material. Creating this habitat will allow for
on-~golng use of this arez as z dispesal site. Once thae four
ielands are connected, continued addltlions may be a useful
management tool.

Tn any dredging project, some negative environm=ntal
impacts are inevitable. The author ¢oncluded that tha
poterntizl long term positive effects ¢f this project on the
targelt specied, outwaigh the potential adverse effects on Lhe

aquatic benthic crganisms.

Recammendations for Further Regegrch

i. Development of & maintenance plan for this project is
needed. The plan should include monitoring for wvegetation and

wildlife species colenization, utilization, abundance, and
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diversity. Rlsc, stability of substrates should be monitored,
as well as maintenance of elevation. Records should be Kept
on how much island drift and configuration changes have
cccurred. Such a maintenance plan is needed to provide
justification to public agencies, such as the Army Corps of
Engineers, for spending future funds on maintaining such

jislands.

Z. Presently, knowledge of bird utilization of dredged
material jislands is based primarily on empirical observations

of existing islands. More baseline data are needed.

3. The eggs of least terns and piping plovers, 1n some areas,
have been found to have high levels of selanium in them.
Selenium, which can be found in marsh mud, So resembles
sulfur that it often goes unnoticed. It is essential to
healthy growth, but in tiny amounts. By increasing amounts
just slightly, it becomes 5 - 10 times more potent than
arsenic. Experts who have gtudiad the toxicity of heavy
metals and trace elements, say selenium has the narrowest
range between safety and danger. It is yvet one of the least

understood of all toxic elements.

4, The public needs to be educated on the vulnerability of
colonial nesting birds. Various public affalirs channels can
be used to make the public aware of the value of dredged

material islands to colonial birds. Positive public copinions
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regarding disposzl operations may improve public

undergtanding and anceptance of such projects.

It is hoped that this plan will be carried oul, and that
nonitoring efforts are made, and maintenance heeds are
addressed. The success of this project could not only benefil
the target gpecias on Gull Island, but could alszo have a
significant influence on future attempts to create and
enhance habitats for varioug gpecies that are running ocul of

time, as well as space.
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