FWS/0B8S-77/48
September 1977

INTERIM HIERARCHICAL REGIONAL CLASSIFICATION SCHEME FOR
COASTAL ECOSYSTEMS OF THE UNITED STATES AND ITS TERRITORIES

by
Terry T. Terrell

U. S. Fish and Wild11fe Service
Office of Biological Services
Western Energy and Land Use Team
National Habitat Assessment Group
Room 206, Federal Building
Fort Collins, Colorado 80521

Performed for

National Coastal Ecosystems Team
Office of Biological Services
Fish and Wildlife Service
U. S. Department of the Interior



TABLE OF CONTENTS

Page
PREFACE . . . v v vt s e e e e e e e et e e e e e e e e e ii
INTRODUCTION . . . . & v vt e e et e e e v e e e e s a e 1
Objectives and Purposes . . . . ¢ ¢ ¢ « ¢ ¢« v o v v e . . 1
Review of Existing Coastal Classifications . . . . . . . . 1
METHODS . . & & v ot e b e ettt h e e v et s e e e e 4
RESULTS & o v v ot e e it et ot e e et e e e s e e e e e 5
Options for Landward and Offshore Boundaries . . . . . . . 5

Coastal Regionalization Level I and tevel II Boundaries . 6

Level II Descriptions . . . . ¢« ¢« ¢ ¢ ¢« ¢ ¢t « v v v o o 15
RECOMMENDATIONS . . . . & & v v v v vt e v e e e s n e e e s 21
SUMMARY . . . . . . e e h e e e e e e e e e e e e e e 23
LITERATURE CITED . . . 4w v v 4 o v 4 o o s o o o s s & o o o« 25
GLOSSARY . . . .. .. ... s e e e e e e e e e e e e e e e 29
APPERDIX . . . . . v v v v v v v v s e e s e e e e e e e e 32
FIGURE CAPTIONS . . . . . . ¢ v v v v v v v h e v v s ..., 34
FIGURES . & . o v vt st e e s e et e e e e e e e e e 35



PREFACE

This is a hierarchical regional classification scheme for coastal
ecosystems of the United States and its territories based on biological
and physical (such as hydrological, chemical, geological, and structural)
characteristics of those areas. It 1s designed to answer the question
"How can the coastline of the United States be partitioned to best separate
ecosystems, when the purpose of defining these ecosystems is to make predic-
tions about how specific types of perturbations in specific geographical
areas will affect the ecosystems hydrologically, structurally, functionally,
and, most important, biologically?"

This is not a structural classification, a functional classification,
or a biogeographic regionalization. It is in draft form and comments are
solicited.
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INTRODUCTION

OBJECTIVES AND PURPOSES

The objective of this project is to formulate a hierarchical regional
classification scheme for partitioning coastal ecosystems of the United
States and its territories, based on the biological and physical (such
as hydrological, chemical, geological, and structural) characteristics of
those areas. The classification is based on a combination of the above
named criteria rather than being specifically a phytogeographical or
zoogeographical regionalization based on groups of organisms because the
objective is to develop a classification scheme for ecosystems. i

This classification should serve two purposes. It should first
provide a structure for data collection both for organizing the storage
of data and for demonstrating areas where additional data should be
collected. Second, and perhaps more important, it should delineate
geographical zones about which predictions on the functioning of ecosystems
within those zones may be made at various levels of resolution. These
geographical areas are analogous to the ecological land and ecolegical
water units of the Wildland Planning Glossary (Schwartz et al., 1976)
and should be regarded as operational definitions of the boundaries of
ecosystems. Thus, predictions within any given division* of the regional
classification should be more reliable than predictions spanning divisions
(ecosystems).

It is anticipated that such a classification system should be
useful to a broad range of users for the above reasons, however, two of
the most 1ikely are the National Coastal Ecosystems Project of the
Office of Biological Services and the Division of Ecological Services,
both of the U. S. Fish and Wildlife Service (USFWS}, for the delineation
of study boundaries of their Ecological Characterization Studies and
Profiles (see Glossary), respectively.

REVIEW OF EXISTING COASTAL CLASSIFICATIONS

It is appropriate to review existing coastal classifications, and
to explain why these were not suitable.

There are a number of classifications of coastal areas in existence,
each serving a different purpose, and they fall into three categories:
structural, functional, and regional (geographical). While these may
not be totally mutually exclusive types of classification, each has very
specific characteristics. Structural classification schemes classify the
coastline by the structural components of the area, for example, geclogical
structure (rocky beach, sandy beach) or surface cover or structure (sea
grass beds, kelp beds). An example of this would be the main body of the
Cowardin et al. (1976) wetlands classification system exclusive of the
regional portion, as it applies to estuarine and marine systems. G. C.

*The term division is used in the same sense as the word taxon is used in
taxonomy, i.e., any one of the categories such as Level I, Level II, etc.,

into which coastal ecosystems are classified.



Ray's (1975) classification "by habitat" and Hedgpeth's (1957) classi-
fication are structural. TN

A functional classification is one in which some aspect of the func-
tioning (i.e. energy inputs, stratification and circulation patterns, or
geological processes forming the coastline} is used to separate the systems.
Examples of functional classifications are Shepard (1937) addressing geo-
logical processes forming beaches, Hansen and Rattray (1966) and Glenne and
Asce (1967) addressing mixing and stratification in estuaries, and Odum et
al. {1974) addressing energy inputs.

A regional classification system is one based primarily on geography.
Areas which are contiguous may be in the same region, but those some distance
apart, though they may be quite similar structurally or functionally, cannot
be classified together regionally. Secondary attributes used in the classi-
fication may be biotic or physical, and thus a biogeographic regionalization
or a physical regionalization would be produced. Examples of zoogeographic
regionalizations are Ekman (1953), Briggs (1974), Ray's {1975:14) "by zoo-
geographic regions" classification, and Smith (1976). Examples of phyto-
geographic regionalizations are Earle (1969) and Humm {1969). Examples of
regionalizations which include some physical factors, but which are chiefly
biotic regionalizations, are Ketchum (1972), Cronin (1974), Ray's (1975:

19) "by coastal biotic provinces” classifications, and the coastal regional-
izations of wetlands in Cowardin et al. (7976). Examples of regionalizations
which include some biotic factors, but which are chiefly regionalizations

based on physical parameters, are Wastler and de Guerrero (1968), U. S.

Fish and Wildlife Service (1970), U. S. Senate (1970), and Lynch et al.

(1976). An excellent example of classification of coastal areas on purely N
physical (chemical, geological, etc.) attributes is Dolan et al. (1972).

Each of the above types of classification may be put to a number of
uses, and each is well suited to answering certain types of questions.
However, information obtained by applying one type of classification may be
useless in trying to solve problems best addressed by application of another
type of classification system. A few examples will clarify this. If all
coastal areas of the Untied States were classified according to Odum et al.
(1974) and the question were posed, "What is the mixing pattern of estuary
tX'?", it could not be answered because Odum et al.'s (1974) classification
only considered energy inputs. Again, if all coastal areas of the United
States were classified according to Shepard (1937) and the question were
asked, "How many surface hectares of coastline are covered by kelp beds?",
it also could not be answered because Shepard only considered geological
processes. The information collected for either classification would not
be incorrect, but it would be inappropriate to answer the types of gquestions
being asked. Thus it is obviously necessary to select a classification which
best answers the question or questions being asked.

The objective of this project is to formulate a hierarchical regional
classification scheme for coastal ecosystems of the United States and its
territories, based on the biological and physical (such as hydrological,
chemical, geological, and structural) characteristics of those areas. The
question it is designed to address is the following: “How can the coastline
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of the United States be partitioned to best separate ecosystems, when the
purpose of defining these ecosystems is to understand and subsequently

to make predictions about how specific types of perturbations in specific
geographical areas will affect them hydrologically, structurally, functionally,
and, most important, biologically?".

Structural and functfonal classifications do not adequately address
the above stated problem because they are not geographijcally oriented.
Thus, a regionalization is necessary. Since delineation of ecosystems
is the primary interest, a regionalization based on physical (geological,
chemical, etc.) parameters is more appropriate than a biogeographical
regionalization. While the argument is frequently made that the biota
integrate all the physical attributes of their environment, two factorg
mediate against a biotic reglionalization for answering the objective o
the study. The first 1s historical accident of distribution and/or
extinction. For example, a group of organisms might be absent from an
area which they could inhabit simply because they were never distributed
there or had become extinct in that area because of environmental or man-
induced perturbations. Regionalization with respect to ecosystems
should not be determined by historical accident. The second mitigating
factor against biogeographical regionalization is the difficulty of
selecting the group or groups to represent the whole ecosystem. Are
benthic or motile forms more appropriate? Plants or animals? Verte-
brates or invertebrates? Vascular or nonvascular? A regionalization
based on physical parameters eliminates these problems and is most
appropriate to answer the originally stated objective.

This does not mean that the distribution of biota should not reflect
the distribution of coastal ecosystems. If the theory that biota integrate
their physical environment is correct, then they should reflect by
their own distribution the distribution of coastal ecosystems. In fact,
this would provide an excellent method for testing a regionalization
based on physical parameters.

The classification proposed by Dolan et al. (1972) is extremely well
done and well documented. It was not used to satisfy the objective of this
study because the elemental units are inconveniently small for the purpose
of characterization. A great deal of information obtained from Dolan et
al. (1972) was used in preparation of this document.

A limitation of classification of coastal areas which should be
briefly mentioned is that of what specifically is being classified.
Classifications have addressed only the beach (Shepard, 1937), estuaries

Hansen and Rattray, 1966) coastal waters including or excluding estuaries

Lynch et al., 1976), coastal ecosystems (Odum et al., 1974), or coastal
and estuarine species associations (Briggs, 1974). Only one example of
each is cited for the sake of brevity, although many moge exist. As
mentioned previously, the classification presented in tHis paper is
concerned with coastal ecosystems in estuarine and coasfal waters.

scheme is that of drawing boundaries somewhere along whdt is all too

The major problem with this proposed scheme or any Jother classification
t
frequently a continuum. Where there may be a distinct poundary between
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geological units along a coast, climate may well be continuous, but

when geology intergrades, climate may fall into distinct units. Com-
pounding this problem are those of shifting current, rainfall, and
temperature patterns during the year, and the very nature of the coastal
zone itself as an ecotone between the land and sea, Thus, while some of
the different divisions specified may represent fairly distinctive
ecosystems, others may not. Some divisions may be different from other
divisions only because they are intermediate. This paper presents an
attempt to regionalize and separate into similarly functioning ecosystems
the coastal areas of the United States using the available ecological
information and the expert opinion of numerous resource managers who
work along the coast.

METHODS

In order to formulate a hierarchical regional classification scheme
for coastal ecosystems of the United States and its territories, criteria
were established which allow inspection of the characteristics of coastal
ecosystems or clusters of ecosystems at various levels of resolution.
Those criteria are as follows:

Level T: These divisions are the largest in geographical area and
represent clusters of similarly functioning ecosystems. The
main criteria for separating the different divisions of Level I
are ocean or lake system upon which the coastline abuts, or the
major ocean current or currents which wash the shore, or major
differences in climate. Ocean currents and climate are the
main forcing functions of ecosystems along the coastline and
are thus appropriate parameters for the primary criteria separ-
ating these ecosystems.

Level II: These divisions are geographically smaller than Level I divisions,
and represent a small number of interrelated and similarly
functioning ecosystems. They are separated chiefly by geological
structural properties of the coast, both above and below the
waterline, with consideration given to hydrological, physical,
and chemical properties. The structural geology of the
coastal area is a major constraining factor on ecosystems and
thus is an appropriate second level criterion for separation
of these ecosystems.

Level IIl: These are the smallest divisions of the classification
system with respect to geographical area. Each represents
a logical unit or ecosystem. These have been most easily
delimited in actual practice by individual drainage areas
along the coast. Dolan et al.'s (1972) Elemental Units should
also be considered for use as Level III divisions. For the
purposes of this study, lLevel III divisions have not been
deTineated, but may be required in the future. The primary
criterion for separation should be the homogeneity of response,
considering the forcing functions and constraints, of the
division to perturbation.

A summary of the criteria are as follows:




At the first, most general level, the forcing functions of the systems
were the chief criteria. At the second level, the major constraints on the
system were the chief criteria. At the third, most specific level, the
homogeneity of the response of the system to the forcing functions and
constraints was the criterion for separation. Thus the criteria are: what
makes the system work, what determines how the system can work, and last,
how the system responds.

Boundary lines were drawn perpendicular to the coast, using the
above listed criteria and manual overlay of maps exhibiting the necessary
information, to separate divisions. The information used came mainly
from Adams et al. (1975), Brooks (1973), Bureau of Land Management
(1975a, 1975b, 1975c, 1975d, 1976a, 1976b, 1976¢c, 1976d, 1976e, 1977a,
1977b), Dolan et al. (1972), Earle (1969), General Land Office of Texa£
(1976), Great Lakes Basin Commission (1975), Joint Federal-State Land
Use Planning Commission for Alaska (1973), Selkregg (1974a, 1974b,
1974c, 1974d, 1974e, 1974f), U. S. Geological Survey (1954, 1970), and
Weaver et al. (1976). These boundaries were examined critically by the
reviewers (see Appendix for list) of the first draft and other staff
members in thelr respective offices. In many cases the expert opinion
of these reviewers was used to slightly modify boundary lines.

RESULTS
The results of this project are the options for landward and offshore
boundaries, the coastal regionalization Level I and Level II boundaries
(Table 1}, and the Level II descriptions.
OPTIONS FOR LANDWARD AND OFFSHORE BOUNDARIES

Landward Boundary Options

1. Meet the seaward boundary of Bailey's (1976) regionalization
Pro-The regionalizatfon 1s extant. Many federal agencies and
states are committed to its use.

Con-Not at all designed to give indications of coastal areas.

No clear indication of seaward boundary. Does not include

in coastal ecosystems Cowardin et al.'s (1976) emergent wetland
class (marshes, swamps, etc.). Emergent wetlands would be inclu-
ded in uplands.

2. Adopt Coastal Zone Management (CZM) inland boundaries
Pro-Most boundaries extant, information collected for character-
jzations would be directly applicable to CZM problems.
Con-Not uniform around the country, thus problems of comparability
of data.

3. Mean high water mark, high high tide, etc.
Pro-Easy to determine.
Con-Obviously leaves out a lot of what has traditionally been
considered coastal.



Table 1. Coastal Regionalization Level I and Level Il Boundaries

Level 1 Level I1 Boundaries
A. North Atlantic A. Maine-Capada border to Cape Cod
1. Gulf of Maine Coast 1. Maine-Canada border to Cape Elizabeth
2. Northern New England 2. Cape Elizabeth to Cape Cod at Monomoy
Coast Island
B. Middle Atlantic B. Cape Cod at Monomoy Island to Cape Hatteras,

but not including Pamlice, Currituck, or
Albemarle Sound

1. Southern New England 1. Cape Cod at Monomoy Island to Montauk
Coast Point, including Long Island Sound

2. New York Bight 2. Montauk Point to Cape May

3. Delaware Bay 3. Cape May to Cape Henlopen

4. Delmarva Shore 4, (Cape Henlopen to Cape Charles, plus
seaward shore from Cape Henry to Cape
Hatteras

5. Chesapeake Bay 5. Cape Charles to Cape Henry



Table 1. Continued

Level I

Level II

Boundaries

C.

D.

South Atlantic

Southern Florida

Pamlico Sound Complex

North Carolina Coast

Sea Islands

East Florida

Biscayne Bay

Florida Keys

Florida Bay

Ten Thousand Islands

Cape Hatteras to Fort Lauderdale plus Pamlico,
Albemarle, and Currituck Sounds

1.
2.

3.
4.

Pamlico, Albemarie, and Currituck Sounds
Seaward coast of Quter Banks from Cape
Hatteras to Cape Lookout AND both
estuarine systems and seaward islands
from Cape Lookout to Cape Fear

Cape Fear to Jacksonville

Jacksonville to Fort Lauderdale

Fort Lauderdale to Cape Romano including
Florida Keys

1.

Fort Lauderdale and Biscayne Bay including
Biscayne Bay National Monument

From Biscayne Bay National Monument to Key
West and to include Dry Tortugas

South tip of Biscayne Bay to Cape Sable

Cape Sable to Cape Romano



Table 1. Continued

Level 1

Level II

Boundaries

E.

F.

Atlantic Insular

Gulf of Mexico

Puerto Rico
Virgin Islands
Navassa Island

Serrana Bank and
Roncador Bank]l

Central Barrier Coast

Big Bend Drowned Karst

Apalachicola Cuspate

North Central Gulf Coast
Mississippi Delta
Strandplain-Chenier
Plain System

Texas Barrier Island
System

Puerto Rico and Virgin Islands

1.
2.

Puerto Rico
Virgin Islands
Navassa Island

Serrana Bank and Roncador Bank

Romano to Texas-Mexico border
Cape Romano to Tarpon Springs

Tarpon Springs to Alligator (Light House)
Point '

Alligator {Light House) Point to Cape
San Blas

Cape San Blas to Pascagoula-Horn Island

Pascagoula-Horn Island to, and including
Vermillion Bay

Vermiilion Bay to Galveston Bay

Galveston Bay to Texas-Mexico border
(incTuding Galveston Bay)



Table 1. Continued

—

Level 1

Level I1

Boundaries

G.

H.

I.

Southwest Pacific

Northwest Pacific

Pacific Insular

Southern California

Central California
San Francisco Bay

Pacific Northwest

Columbia River Estuary
Puget Sound

Hawai i
Guam and Pacific Trust

Samoa and Other U, S.
Claims and Administered
Islands

California-Mexico border to Cape Mendocino

1. California-Mexico border to Point
Conception

2. Point Conception to Cape Mendocino
3. San Francisco Bay
Cape Mendocino to Washington-Canada border

1. Cape Mendocino to the Straits of
Juan de Fuca

2. Columbia River Estuary

Puget Sound and the Straits of Juan. de
Fuca and Georgia

Hawaii, Guam, Samoa, Pacific Trust Territories,
and other Pacific islands, administered,
claimed, or in trust to the United States

1. State of Hawaii

2. Guam, Carolines, Marianas and the
Marshalls

3. Samoa, Wake, Midway Islands, Johnston
Ato11, Kingman Reef, Palmyra Atoll,
Howland Island, Baker Island, Jarvis
Island, Canton Island, Enderbury Island,
the Line Islandsz, Phoenix Islandsz,
Ellice Islandsz, Northern Cook Is1and53,

Tokelau {or Union) Islands3



0l

Table 1. Continued

Level I Level II Boundaries
J. Panama Canal Zone J. Panama Canal Zone
1. Panama Canal Zone 1. Panama Canal Zone
K. Pacific Alaska K. Alexander Archipelago to Unimak Island at
Unimak Pass including Cook Inlet
1. Alexander Archipelage 1.  Alexander Archipelago to Cape Spencer
2. Gulf of Alaska Coast 2. Cape Spencer to Kenai Peninsula at Cape

Elizabeth, except Prince William Sound
but including Montague Island

3. Prince William Sound 3. Cape Hinchinbrook to San Juan-Latouche

4, Cook Inlet 4, Cape Elizabeth to Cape Douglas

5. Kodiak Island and 5. Kodiak Island, coast from Cape Douglas to
Protected Coast Cape Providence, and Chirikof Island

6. Wave Beaten Southwest 6. Cape Providence to Unimak Pass
Alaska Coast

L. Aleutian Islands L. Aleutian Islands
1. Aleutian Islands 1. Aleutian Islands
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Table 1. Continued
Level 1 Level II Boundaries
M. Bering Alaska Unimak Island at Unimak Pass to Cape Prince
of Wales including Pribilof Islands, Nunivak
Island, St. Matthew Island, and St. Lawrence
Island
1. South Bristol Bay 1. Unimak Island at Unimak Pass to
Cape Greig
2. North Bristol Bay 2. Cape Greig to Jacksmith Bay
3. Yukon, Kuskokwim 3. Jacksmith Bay to Point Romanof including
Delta Nunivak Island
4. Norton Sound Coast 4. Point Romanof to Cape Prince of Wales
5. Bering Sea Islands 5. Pribilof Islands, St. Lawrence Island,
St. Matthew Island, and Diomedes Islands
N. Arctic Alaska Cape Prince of Wales to Alaska-Canada border
east of Demarcation Point
1. Chukchi Coast 1. Cape Prince of Wales to Barrow
2. Beaufort Coast 2. Barrow to Alaska-Canada border east of

Demarcation Point
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Table 1. Concluded

Level I Level II

Boundaries

0. Great Lakes
1. Lake Superior
2. Lake Michigan
Lake Huron

Lake Erie

s W

. Lake Ontario

]Both claimed by the United States and Columbia.

2C1aimed by the United States and the United Kingdom.

3C1aimed by the United States and New Zealand,

Great Lakes

1.

Lake
Lake
Lake
Lake
Lake

Superior and the St. Marys River
Michigan and the Mackinac Straights
Huron and the St. Clair River

Erie and the Niagra River

Ontario and the St. Lawrence River



10.

1.

12.

13.

14.

15.

One hundred year flood and tidal innundation level

Pro-Fairly easy to determine.

Con-May include large areas not normally considered coastal or exclude
those which are.

Some fixed distance from some tidal line such as 300 m from
mean high tide

Pro-Easy to determine,

Con-May include or exclude inappropriate areas.

Some contour line such as the 10 m contour
Pro-Easy to determine.
Con-May include or exclude inappropriate areas.

Peak of the coastal mountain range
Pro-Easy to determine.
Con-Many coasts do not have mountain ranges.

Inland boundaries of coastal counties or parishes
Pro-Easy to determine.
Con-May include or exclude inappropriate areas.

Man-made structures such as roads, canals, etc.
Pro-Easy to determine.
Con-May include or exclude inappropriate areas.

Pleistocene/recent contact

Pro-Areas recently built are obviously coastal, and may be easy
to discern.

Con-Not appropriate on beaches which are not aggrading.

Maximum inland or seaward range of any one species

Pro-Should be fairly easy to determine.

Con-No species distributed along entire United States Coastline.
Historical accidents or distribution can cause erroneous results.
Plasticity of the response of an organism to its environment and
synergisms among environmental inputs may allow an organism to
occur in a variety of coastal and noncoastal areas.

Soils - wetland/nonwetland boundary
Pro-Fairly easy to determine.
Con-Wetland soils may occur in areas which are no longer wetlands.

Boundary of wetland/nonwetland vegetation

Pro-Fairly easy to determine.

Con-lLarge number of species needed for coastal delineation of the
entire United States. Not appropriate for unvegetated coast.

Salinity intrusion
Pro-fairly easy to determine.
Con-Salinity is not the only influencing factor.

Tidal influx

Pro-Fairly easy to determine.
Con-Tidal influx is not the only influencing factor.

13



16.

17.

The inland boundaries for marine and estuarine in the Cowardin et al.

(1976) system which has been adopted by the National Wetlands Inventory.f’"\\

These boundaries are based on vegetation, soils and salinity.

Pro-Will be mapped for the entire United States, large amounts of
Information already on this framework. Will probably be updated
regularly,

Con-No information yet on how this applies to coastal processes,
Updates will certainly change inland boundaries.

Determine the major coastal influences and make an inland boundary
determination for each Level 1, II, or III division based on the
extent of the influences

Pro-Would most accurately reflect the functioning of coastal
ecosystems in the area of interest.

Con-Would not be uniform around the coastline and would cause
problems of comparison of information among divisfons. Extremely
difficult to determine.

0ffshore Boundary Optians

1.

Territorial sea boundary

Pro-Easy to define. The United States controls this area, so
management would be simplified.

Con-It is an artificial boundary having no demonstrable relationship
to coastal ecosystem functioning.

Two hundred mile "economic zone" (322 km)

Pro-Easy to define. United States has some management control.
Con-Artificial boundary having no demonstrable relationship to
coastal ecosystem functioning.

Line marking the 30 m (or any) depth contour

Pro-Fairly easy to define. Is somewhat more related to functioning
of ecosystems.

Con-Line is still very artificial and would lead to poor data com-
parability around the coast.

Edge of the continental shelf

Pro-Fairly easy to determine. Much more related to ecosystem
functioning.

Con-May not include all the important processes in ecosystem
functioning. Is not completely controlled by the United States.

The seaward boundary of the Cowardin et al. (1976) classification

scheme, which has been adopted by the National Wetlands Inventory.
This is the edge of the continental shelf. (Pros and cons are the
same as those listed for item 4.)

Line demarking the 1imit of the important processes in ecosystem
functioning

Pro-Would best relate to and allow for modeling of coastal ecosystems.
Con-Would be very difficult to delimit, this would have to be done
for every Level I, II, and III division along the coast. Might cause
problems of comparability.
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A major portion of the ideas and information used for the list of
options for landward and offshore boundaries are derived from papers by
Robbins and Hershman (1974) and McIntire et al. (1975).

LEVEL II DESCRIPTIONS

A. North Atlantic

A.1. Gulf of Maine Coast, Rocky, deeply incised “drowned" coastline
with numerous bays, estuaries, islands. High tidal range, creat-
ing abundance of intertidal pool communities. Small areas of
mudflats and marshes, few shallow areas.

A.2. Northern New England Coast. Some rocky shores, Cape Elizabeth to!
Cape Ann, mainly sandy beaches south of Cape Ann. Sandy or cobble
beaches with high energy except those sheltered within Cape Cod
Bay. Extensive marshes and mudflats.

B. Middle Atlantic

B.1. Southern New England. Fairly irregular coastline with several
large islands, two large bays, and two sounds {one--Long Island
Sound--very large, protected). Mainly sandy beaches, some high
energy, with marsh areas behind, some barrier islands, some with .
dune systems.

B.2. New York Bight. Coastline dominated by wide, sandy, high energy
beaches, often with dune systems on barrier islands protecting
bays and extensive marshes.

B.3. Delaware Bay. Large embayment semiprotected from ocean. Extensive
marshes on both sides to 80 km (50 miles) up bay. Some oyster
reefs in mid and lower reaches.

B.4. Delmarva Shore. Dominated by series of barrier islands with some
dune systems and high energy, wide, sand beaches. Extensive marsh
systems in protected shallow waters behind islands.

8.5. Chesapeake Bay. Very large, "drowned coastline" estuary with
several riverine subestuary systems. Largely protected from high
energy ocean influence but with pronounced influence by saline
waters, marine organisms, etc., on declining gradient northward
into bay. Extensive marsh systems, especially on eastern shore,
some oyster reefs. Sediment transport processes, turbidity highest
in upper bay.

C. South Atlantic

C.1. Pamlico Sound Complex. Wide, sandy beaches with extensive marshy
areas, but mostly characterized by very extensive outer bank and
barrier island system which protects the sound complex. Reasonably
high amount of freshwater inflow.

15



c.2.

North Carolina Coast. Broad white quartz sand beaches, smaller
estuary systems than Pamlico Sound Complex, protected by both
Tong narrow and numerous small barrier islands. Also includes
marine systems seaward of barrier islands from Cape Hatteras to
Cape Fear.

. Sea Islands. Barrier islands much smaller and more numerous,

coastline less protected, fairly highly dissected coastline with
high freshwater inflow, gently sloping, wide quartz sand beaches,
and very extensive marshes.

.4. East Florida. Low-lying beaches of calcareous sand, extensive

marshy areas, some areas of very extensive barrier islands, fresh-
water inflow only from coastal plain.

Southern Florida

. Biscayne Bay. Extremely low-lying swampy coastline generally

mangroves (Rhizophora mangle L.) with hard bottom, marine influence
from the AtTantic Ocean, freshwater inflow extremely variable.

. Florida Keys. Low limestone islands with pinicle rock coasts or

very narrow shell beaches, extensive shallow areas with soft
marl or shell fragment bottoms extending out to coral reefs, very
extensive seagrass and algal beds.

Florida Bay. Coastline part of Everglades National Park, area
of numerous islands and very estensive swamps covering the whole
southern tip of Florida, Marine influence from the Gulf of
Mexico, but the area is fairly protected.

. Ten Thousand IsTands. Coastline dominated by a multitude of small

mangrove islands and tidal channels, exteremly complex, direct
marine action on the coast.

Atlantic Insular

. Puerto Rico. Consists of the large, rugged island of Puerto Rico

and several smaller islands. Faces both Atlantic and Caribbean
but receives much greater wave action from Atlantic. Coastline
mostly steep and rocky, however some areas with coral reefs and
isTands sheltering lagoons, with some mangrove swamp development.

. Virgin Islands. Numerous islands mostly of volcanic origin, but

a few of marine sediments. Areas of steep rocky cliffs, some areas
with small sandy bays and rocky headlands, some areas of wide low
coastal plain and wide shallow area covered by algae and turtle grass
or mangrove swamps. Beaches mainly rocky or composed of calcareous
sand. Well developed coral reefs.

Navassa Island. Small island of about 2.6 sq km (1 sq mi) located
between Jamaica and Haiti in Caribbean Sea. Volcanic origin.

. Serrana Bank and Roncador Bank. Coral reefs ca. 352 km (220 mi) east

of Nicaragua in the Caribbean Sea.
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