3.0 DESCRIPTION OF THE AFFECTED ENVIRONMENT

3.1 Introduction

Habitats for federally-managed HMS fish species are the primary components of the
affected environment. Chapter 5 provides a list of the Atlantic HMS species for which
habitat is described in the following section. Note that other living marine resources (e.g.,
marine mammals, non-HMS fish species, and invertebrates) are also components of the
environment in which EFH is considered. Since the designation of EFH principally affects
habitat and does not, in itself, directly affect other living marine resources, these resources
are not described in detail in this section.

HMS may be found in large expanses of the world’s oceans, straddling jurisdictional
boundaries. Although many of the species frequent other oceans of the world, the
Magnuson-Stevens Act only authorizes the description and identification of EFH in Federal,
state or territorial waters, including areas of the U.S. Caribbean, the Gulf of Mexico and the
Atlantic coast of the United States to the seaward limit of the U.S. EEZ. These areas are
connected by currents and water patterns that influence the occurrence of HMS at particular
times of the year. On the largest scale, the North and South Equatorial currents occur in the
U.S. Caribbean islands. The North Equatorial Current continues through the Caribbean
Basin to enter the Gulf of Mexico through the Yucatan Straits. The current continues
through the Florida Straits to join the other water masses (including the Antilles Current) to
form the Gulf Stream along the eastern coast of the United States. Variations in flow
capacities of the Florida Straits and the Yucatan Straits produce the Loop Current, the major
hydrographic feature of the Gulf of Mexico. These water movements in large part influence
the distributions of HMS pelagic life stages.

Tuna, swordfish, and billfish distributions are most frequently associated with
hydrographic features such as density fronts between different water masses. The scales of
these features may vary. For example, the river plume of the Mississippi River extends for
miles into the Gulf of Mexico and is a fairly predictable feature, depending on the season.
Fronts that set up over the DeSoto Canyon in the Gulf of Mexico, or over the Charleston
Bump or the Baltimore Canyon in the Mid-Atlantic, may be of a much smaller scale. The
locations of many fronts or frontal features are statistically consistent within broad
geographic boundaries. These locations are influenced by riverine inputs, movement of water
masses, and the presence of topographic structures underlying the water column, thereby
influencing HMS habitat. Those areas that are known spawning grounds, or areas of
aggregation for feeding or other reasons, are considered to be EFH for those species.

Sharks are found in a wide variety of coastal and ocean habitats including estuaries,
nearshore areas, the continental shelf, continental slope, and open ocean. Many species are
migratory and, like other marine species, are affected by the condition of the habitat.
Atlantic sharks are broadly distributed as adults but have been found to utilize specific
estuaries as pupping and nursery areas during pupping season and throughout their neonate
(newborn) and young-of-the-year life stages. Since coastal species frequently appear near
shore and have pupping and nursery areas near shore, much more is known about their
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habitat requirements, particularly for early life history stages. Much less is known about the
habitat requirements, pupping areas, and other details of pelagic and deep-dwelling species.

The following sections are intended to provide a general overview of the various
habitats with which HMS are most frequently associated. A more detailed description is
contained in the 1999 Tunas, Swordfish, and Shark FMP.

Atlantic Ocean

(Material in this section is largely a summary of information in MMS, 1992; 1996.
Original sources of information are referenced in those documents)

The region of the Atlantic Ocean within which EFH for Federally managed HMS is
identified spans the area between the Canadian border in the north to the Dry Tortugas in the
south. It includes a diverse spectrum of aquatic species of commercial, recreational, and
ecological importance. The distribution of marine species along the Atlantic seaboard is
strongly affected by the cold Labrador Current in the north, the warm Gulf Stream in the
middle and southern portions of the region, and generally by the combination of high
summer and low winter temperatures. For many species, Cape Hatteras forms a strong
zoogeographic boundary between the Mid- and South Atlantic areas, while the Cape
Cod/Nantucket Island area is a somewhat weaker zoogeographic boundary in the north.

Coastal and Estuarine Habitat

Coastal habitats that may be encountered by HMS are described in this section.
Those areas that are known nursery or spawning grounds, or areas of HMS aggregation for
feeding or other reasons, are considered to be EFH for those species. It should be noted that
characteristics of coastal and offshore habitats may be affected by activities and conditions
occurring outside of those areas (further up-current) due to water flow or current patterns that
may transport materials that could cause negative impacts.

Although HMS move primarily through open ocean waters, they do periodically
utilize coastal or inshore habitats. This is especially true for several species of sharks that
move inshore, often into shallow coastal waters and estuaries, to pup, or give birth; these
areas then become nursery areas as the young develop. Examples include Great Bay, New
Jersey, Chesapeake Bay, Maryland, and Delaware Bay, Delaware which provide important
nursery habitat for sandbar sharks, and Bull’s Bay, South Carolina, and Terrebone Bay,
Louisiana which are important blacktip shark nursery areas. Typically, the pups (neonates)
remain in these same areas throughout their early life stages, which may vary from a few to
many months. Recent tagging studies have shown that some sharks return to summer
nursery areas in subsequent years. Although billfish move primarily throughout open-ocean
waters, two species, the white marlin and the sailfish, may be found inshore. Sailfish are also
known to move inshore to spawn off the east coast of Florida and in the Florida Keys.

Along the Atlantic seaboard, coastal wetlands are located predominantly south of
New York because these coastal areas have not been glaciated. Nearly 75 percent of the
Atlantic coast salt marshes are found in the states of North Carolina, South Carolina, and
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Georgia. These three states contain approximately nine million acres of salt marsh. Wetland
vegetation plays an important role in nutrient cycling, and provides stability to coastal
habitats by preventing the erosion of sediments and by absorbing storm energy.

Estuaries are highly productive, yet fragile, environments that support a great
diversity of fish and wildlife species, including sharks. Many commercially valuable fish
and shellfish stocks are dependent on these areas during some stage of their development.
For example, in the vicinity of North Carolina, Virginia, and Maryland, approximately 90
percent of the commercially valuable fish species are dependent on estuaries for at least part
of their life cycle.

There are 13,900 square miles (sq mi) (36,000 square kilometers (sq km)) of estuarine
habitat along the Atlantic coast, of which approximately 68 percent (9,400 sq mi) occurs
north of the Virginia/ North Carolina border, with Chesapeake Bay contributing significantly
to the total. South of the Gulf of Maine, where there is a wider coastal plain and greater
agricultural activity, estuaries carry higher sediment and nutrient loads. The increased
fertility and generally higher water temperatures resulting from these nutrient loads allow
these estuaries to support greater numbers of fish and other aquatic organisms.

South of the Virginia/North Carolina border, there are approximately 4,500 sq mi
(11,655 sq km) of estuarine habitat. The Currituck, Albemarle, and Pamlico Sounds, which
together constitute the largest estuarine system along the entire Atlantic coast, make up a
large portion of these southern estuaries. A unique feature of these sounds is that they are
partially enclosed and protected by a chain of fringing islands, the Outer Banks, located 32 to
48 km (20 to 30 mi) from the mainland.

Because of their low tidal flushing rates, estuaries are generally more susceptible to
pollution than other coastal water bodies, yet the severity of the problem varies depending on
the extent of tidal flushing. In Maryland and Virginia, the primary problems reported are
excessive nutrients (nitrates and phosphates), particularly in the Chesapeake Bay and
adjoining estuarine areas. Other problems included elevated bacterial and suspended
sediment levels. Non-point sources of pollution are considered one of the main causes of
pollution. Elevated bacterial levels were also listed as a local coastal pollution problem in
Maryland.

In North Carolina, the primary problems occurring in estuarine areas are enrichment
in organics and nutrient enrichment, fecal coliform bacteria, and low dissolved oxygen.
Insufficient sewage treatment, wide-spread use of septic systems in coastal areas, and
agricultural runoff are considered to be major causes of these pollution problems. Oil spills
from vessel collisions and groundings, as well as illegal dumping of waste oil, are a common
cause of local, short-term water quality problems, especially in estuaries along the North and
Mid-Atlantic coasts. These sources of pollution and habitat degradation may have a negative
impact on coastal shark populations, particularly during vulnerable early life stages.

Many of the coastal bays and estuaries along the Atlantic East Coast and Gulf of
Mexico are described in greater detail in the 1999 Tunas, Swordfish, and Shark FMP,
including the distribution, size, depth, freshwater inflow, habitat types, tidal range, and
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salinity for each of the major estuaries and bays on the East coast and Gulf coast, and are not
repeated here.

Continental Shelf and Slope Areas

Moving seaward away from the coast, the next major geologic features encountered
are the continental shelf and slope areas. The continental shelf is characterized by depths
ranging from a few meters to approximately 60 m (198 ft), with a variety of bottom habitat
types. Far less research has been done in this area than on the coasts and estuaries, and
consequently much less is known about the specific habitat requirements of HMS within
these regions.

Along the northeast Atlantic shelf, the circulation patterns of the Gulf of Maine and
Georges Bank dominate the oceanographic regime. The Gulf of Maine is a deep indentation
in the continental shelf with irregular bottom topography. Its bottom consists of three major
basins and many smaller ones separated by numerous ridges and ledges. It is a semi-
enclosed sea, with Nova Scotia as its north and east boundary and the northeast U.S. coast as
its west boundary. Georges and Browns Banks significantly separate the Gulf of Maine from
the Atlantic Ocean.

Georges Bank is a large, relatively shallow topographic high that lies southeast of the
Gulf of Maine, its seaward edge comprising part of the shelf break in the north Atlantic.
Georges Bank is consistently one of the most productive habitats for plankton in the world.
The tidal and oceanographic current regimes in the area and Georges Bank’s proximity to
deep slope water allow upwelling events to occur that transport nutrient-rich deep water to
the shallow, euphotic areas of the bank. This provides increased primary productivity that
benefits higher trophic level fish and shellfish species. On the seaward side, Georges Bank is
incised by numerous submarine canyons.

From the Scotian Shelf in the north, past Georges Bank and through the Mid-Atlantic
Bight, a shelf-slope front exists. This hydrographic boundary separates the fresher, colder,
and more homogeneous waters of the shelf and the horizontally stratified, warmer, and more
saline waters of the continental slope. The shelf-slope front may act as a barrier to shelf-
slope transfer of water mass and momentum.

From Nova Scotia to Cape Hatteras, 26 large valleys which originate on the shelf cut
into the seafloor downward across the continental slope and rise. The current regimes in
these submarine canyons promote significant biological productivity and diversity. Peak
currents occur near the canyon heads and flow down the canyon, while currents at
intermediate depths flow up the canyon. These patterns suggest a circulation that may trap
sediments in the canyon heads and produce conditions conducive to front development.
HMS are known to aggregate in the areas where these fronts form, most likely as productive
feeding grounds.

The shelf area of the Mid-Atlantic Bight averages about 100 km (60 mi) in width,
reaching a maximum of 150 km (90 mi) near Georges Bank, off New England, and a
minimum of 50 km (30 mi) offshore Cape Hatteras, NC. Current speeds are strongest at the
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narrowest part of the shelf where wind-driven current variability is highest. The distribution
of marine species, including HMS, along the Atlantic seaboard may be strongly influenced
by currents, the warm Gulf Stream in the middle and south portions of the region, and
generally by the combination of high summer and low winter temperatures.

The Mid-Atlantic area from Cape Cod, MA to Cape Hatteras, NC represents a
transition zone between northern cold-temperate waters of the north and the warm-temperate
waters to the south. Water temperatures in the Mid-Atlantic vary greatly by season.
Consequently, many of the fish species of importance in the Mid-Atlantic area migrate
seasonally, whereas the major species in the other three areas are typically resident
throughout the year (MMS, 1992; 1996). The shelf-edge habitat may range in water depth
between 40 and 100 m (131 and 328 ft). The bottom topography varies from smooth sand to
mud to areas of high relief with associated corals and sponges.

The continental shelf in the South Atlantic Bight varies in width from 50 km (32 mi)
off Cape Canaveral, FL to a maximum of 120 km (75 mi) off Savannah, GA. The shelf is
divided into three cross-shelf zones. Waters on the inner shelf (0-20 m (0-66 ft)) interact
extensively with rivers, coastal sounds, and estuaries. This interaction tends to form a band
of low-salinity, stratified water near the coast that responds quickly to local wind-forcing and
seasonal atmospheric changes. Mid-shelf (20-40 m (66-132 ft)) current flow is strongly
influenced by local wind events with frequencies of two days to two weeks. In this region,
vertically well mixed conditions in fall and winter contrast with vertically stratified
conditions in the spring and summer. Gulf Stream frontal disturbances (e.g., meanders and
cyclonic cold core rings) that occur on time scales of two days to two weeks dominate
currents on the outer shelf (40-60 m (132-197 ft)).

A topographic irregularity southeast of Charleston, SC, known as the Charleston
Bump, is an area of productive sea floor, which rises abruptly from 700-300 m (2,300-980 ft)
within a distance of about 20 km (12 mi), and at an angle which is approximately transverse
to both the general isobath pattern and the Gulf Stream currents. The Charleston Gyre is a
persistent oceanographic feature that forms in the lee of the Charleston Bump. It is a location
in which larval swordfish have been commonly found and may serve as nursery habitat.

The continental slope generally has smooth mud bottoms in water depths of 100- 200
m (328-656 ft). Many of the species in this zone are representatives of cold-water northern
species exhibiting tropical submergence (i.e., being located in deeper, cooler water as latitude
decreases).

Pelagic Environment

Many HMS spend their entire lives in the pelagic, or open ocean environment. These
species are highly mobile and physiologically adapted to traveling great distances with
minimal effort. Much of what is known about the association between HMS and their
migrations across vast open ocean habitat comes from tagging studies.

While the open ocean may appear featureless, there are major oceanographic features
such as currents, temperature gradients, eddies, and fronts that occur on a large scale and may
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influence the distribution patterns of many oceanic species, including HMS. For instance,
the Gulf Stream produces meanders, filaments, and warm and cold core rings that
significantly affect the physical oceanography of the continental shelf and slope. These
features tend to aggregate both predators and prey, and are frequently targeted by commercial
fishing vessels. This western boundary current has its origins in the tropical Atlantic Ocean
(i.e., the Caribbean Sea). The Gulf Stream system is made up of the Yucatan Current that
enters the Gulf of Mexico through the Yucatan Straits; the Loop Current which is the
Yucatan Current after it separates from Campeche Bank and penetrates the Gulf of Mexico in
a clockwise flowing loop; the Florida Current as it travels through the Straits of Florida and
along the continental slope into the South Atlantic Bight; and the Antilles Current as it
follows the continental slope (Bahamian Bank) northeast to Cape Hatteras. From Cape
Hatteras it leaves the slope environment and flows into the deeper waters of the Atlantic
Ocean.

The flow of the Gulf Stream as it leaves the Straits of Florida reaches maximum
speeds of about 200 cm/s. During strong events, maximum current speeds greater than 250
cm/s have been recorded offshore of Cape Hatteras. The width of the Gulf Stream at the
ocean surface ranges from 80-100 km (50-63 mi) and extends to depths of between 800 and
1,200 m (2,624-3,937 ft).

As a meander passes, the Gulf Stream boundary oscillates sequentially onshore (crest)
and offshore (trough). A meander can cause the Gulf Stream to shift slightly shoreward or
well offshore into deeper waters. The Gulf Stream behaves in two distinct meander modes
(small and large), with the size of the meanders decreasing as they move northward along the
coast. During the large meander mode the Gulf Stream front is seaward of the shelf break,
with its meanders having large amplitudes. Additionally, frontal eddies and accompanying
warm-water filaments are larger and closer to shore. During the small meander mode the
Gulf Stream front is at the shelf break. Frontal eddies and warm-water filaments associated
with small amplitude meanders are smaller and farther from shore. Since HMS tend to
follow the edge of the Gulf Stream, their distance from shore can be greatly influenced by the
patterns of meanders and eddies.

Meanders have definite circulation patterns and conditions superimposed on the
statistical mean (average) condition. As a meander trough migrates in the direction of the
Gulf Stream’s flow, it upwells cool nutrient-rich water, which at times may move onto the
shelf and may evolve into an eddy. These boundary features move south-southwest. As
warm-water filaments, they transfer momentum, mass, heat, and nutrients to the waters of the
shelf break.

Gulf Stream filaments are mesoscale events, which occur regularly offshore the
southeast United States. The filament is a tongue of water extending from the Gulf Stream
pointing to the south. These form when meanders cause the extrusion of a warm surface
filament of Gulf Stream water onto the outer shelf. The cul-de-sac formed by this extrusion
contains a cold core that consists of a mix of outer-shelf water and nutrient-rich water. This
water mix is a result of upwelling as the filament/meander passes along the slope. The
period from genesis to decay typically is about two to three weeks.
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The Charleston Gyre is a permanent oceanographic feature of the South Atlantic
Bight, caused by the interaction of the Gulf Stream waters with the topographically irregular
Charleston Bump. The gyre produces an upwelling of nutrients, which contributes
significantly to primary and secondary productivity of the Bight. The degree of upwelling
varies with the seasonal position and velocity of the Gulf Stream currents.

In the warm waters between the western edge of the Florida Current/Gulf Stream and
20°N and 40°N, pelagic brown algae, Sargassum natans and S. fluitans, form a dynamic
structural habitat. The greatest concentrations are found within the North Atlantic Central
Gyre in the Sargasso Sea. Large quantities of Sargassum frequently occur on the continental
shelf off the southeastern United States. Depending on prevailing surface currents, this
material may remain on the shelf for extended periods, be entrained into the Gulf Stream, or
be cast ashore. During calm conditions Sargassum may form irregular mats or simply be
scattered in small clumps. Oceanographic features such as internal waves and convergence
zones along fronts aggregate the algae along with other flotsam into long linear or
meandering rows collectively termed “windrows.”

Pelagic Sargassum supports a diverse assemblage of marine organisms including
fungi, micro- and macro-epiphytes, sea turtles, numerous marine birds, at least 145 species of
invertebrates, and over 100 species of fishes. The fishes associated with pelagic Sargassum
include juveniles as well as adults, including large pelagic adult fishes. HMS such as
swordfish and billfish are among the fishes that can be found associated with Sargassum.

The Sargassum community, consisting of the floating Sargassum (associated with other
algae, sessile and free-moving invertebrates, and finfish) is important to some epipelagic
predators such as wahoo and dolphin. The Sargassum community provides food and shelter
from predation for juvenile and adult fish, including HMS, and may function as habitat for
fish eggs and larvae.

Offshore water quality in the Atlantic is controlled by oceanic circulation, which, in
the Mid-Atlantic is dominated by the Gulf Stream and by oceanic gyres. A shoreward, tidal
and wind-driven circulation dominates as the primary means of pollutant transport between
estuaries and nearshore waters. Water quality in nearshore water masses adjacent to
estuarine plumes and in water masses within estuaries is also influenced by density-driven
circulation. Suspended sediment concentration can also be used as an indication of water
quality. For the Atlantic coastal areas, suspended sediment concentration varies with respect
to depth and distance from shore, the variability being greatest in the Mid-Atlantic and South
Atlantic. Re-suspended bottom sediment is the principal source of suspended sediments in
offshore waters.

Gulf of Mexico

(Material in this section is largely a summary of information in MMS, 1996; Field et
al., 1991; and NOAA 1997. Original sources of information are referenced in those
documents.)

The Gulf of Mexico supports a great diversity of fish resources that are related to a
variety of ecological factors, such as salinity, primary productivity, and bottom type. These
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factors differ widely across the Gulf of Mexico and between inshore and offshore waters.
Characteristic fish resources are not randomly distributed; high densities of fish resources are
associated with particular habitat types (e.g., east Mississippi Delta area, Florida Big Bend
seagrass beds, Florida Middle Grounds, mid-outer shelf, and the DeSoto Canyon area). The
highest values of surface primary production are found in the upwelling area north of the
Yucatan Channel and in the DeSoto Canyon region. In terms of general biological
productivity, the western Gulf is considered to be more productive in the oceanic region
compared to the eastern Gulf. Productivity of areas where HMS are known to occur varies
between the eastern and western Gulf, depending on the influence of the Loop Current.

Coastal and Estuarine Habitats

There are 6.12 million hectares (ha) (13.88 million acres) of estuarine habitat among
the five states bordering the Gulf. This includes 3.2 million ha (8 million acres) of open
water, 2.43 million ha (6 million acres) of emergent tidal vegetation (including about 162,000
ha (400,318 acres) of mangroves), and 324,000 ha (800, 636 acres) of submerged vegetation.
Estuaries are found from east Texas through Louisiana, Mississippi, Alabama, and northwest
Florida and encompass more than 62,000 sq km (23,938 sq mi) of water surface area.
Estuaries of the Gulf of Mexico export considerable quantities of organic material, thereby
enriching the adjacent continental shelf areas. Many of these estuaries provide important
habitat as pupping and nursery grounds for juvenile stages of important invertebrate and fish
species including many species of Atlantic sharks.

Coastal wetland habitat types that occur along the Gulf Coast include mangroves,
non-forested wetlands (fresh, brackish, and saline marshes), and forested wetlands. Marshes
and mangroves form an interface between marine and terrestrial habitats, while forested
wetlands occur inland from marsh areas. Wetland habitats may occupy narrow bands or vast
expanses, and can consist of sharply delineated zones of different species, monospecific
stands of a single species, or mixed plant species communities.

Continental Shelf and Slope Areas

The Gulf of Mexico is a semi-enclosed, subtropical sea with a surface area of
approximately 1.6 million sq km (0.6 million sq mi). The main physiographic regions of the
Gulf basin are the continental shelf, continental slope and associated canyons, the Yucatan
and Florida Straits, and the abyssal plains. The U.S. continental shelf is narrowest, only 16
km (9.9 mi) wide, off the Mississippi River. The continental shelf width varies significantly
from about 350 km (217 mi) off western Florida, 156 km (97 mi) off Galveston, Texas, and
decreases to 88 km (55 mi) off Port Isabel near the Mexican border. The depth of the central
abyss ranges to 4,000 m (13,000 ft). The Gulf is unique because it has two entrances: the
Yucatan Strait and the Straits of Florida. The Loop Current dominates the Gulf’s general
circulation and its associated eddies. The Loop Current is caused by differences between the
sill depths of the two straits. Coastal and shelf circulation, on the other hand, is driven by
several forcing mechanisms: wind stress, freshwater input, buoyancy and mass fluxes, and
transfer of momentum and energy through the seaward boundary.
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In the Gulf, the continental shelf extends seaward from the shoreline to a depth of
approximately 200 m (660 ft), and is characterized by a gentle slope of less than one degree.
The continental slope extends from the shelf edge to the continental rise, usually at about the
2,000 m (6,500 ft) water depth. The topography of the slope in the Gulf is uneven and is
broken by canyons, troughs, and escarpments. The gradient on the slope is characteristically
one to six degrees, but may exceed 20 degrees in some places, particularly along
escarpments. The continental rise is the apron of sediment accumulated at the base of the
slope. The incline is gentle with slopes of less than one degree. The abyssal plain is the
basin floor at the base of the continental rise.

Physical Oceanography

The Gulf receives large amounts of freshwater runoff from the Mississippi River as
well as from a host of other drainage systems. In recent years, large amount of nutrient laden
runoff from the Mississippi River have resulted in large hypoxic or low oxygen areas in the
Gulf. This “dead zone” may affect up to 16,500 sq km (6,371 sq mi) during the summer,
resulting in unfavorable habitat conditions for a wide variety of species.

Sea-surface temperatures in the Gulf range from nearly constant throughout
(isothermal) (29° to 30°C (84° to 86°F)) in August to a sharp horizontal gradient in January,
25°C (77°F) in the Loop Current core to 14° to 15°C (57° to 59°F) along the northern shelf.
The vertical distribution of temperature reveals that in January, the thermocline depth is
about 30 to 61 m (98 to 200 ft) in the northeast Gulf and 91 to 107 m (298 to 350 ft) in the
northwest Gulf. In May, the thermocline depth is about 46 m (150 ft) throughout the entire
Gulf.

Sea surface salinities along the northern Gulf vary seasonally. During months of low
freshwater input, salinities near the coastline range between 29 to 32 parts per thousand (ppt).
High freshwater input conditions during the spring and summer months result in strong
horizontal gradients and inner shelf salinities less than 20 ppt. The mixed layer in the open
Gulf, from the surface to a depth of approximately 100 to 150 m (330 to 495 ft), is
characterized by salinities between 36.0 and 36.5 ppt.

Sharp discontinuities of temperature and/or salinity at the sea surface, such as the
Loop Current front or fronts associated with eddies or river plumes, are dynamic features that
may act to concentrate buoyant material such as detritus, plankton, or eggs and larvae. These
materials are transported, not by the front’s movements or motion across the front, but
mainly by lateral movement along the front. In addition to open ocean fronts, a coastal front,
which separates turbid, lower salinity water from the open-shelf regime, is probably a
permanent feature of the north Gulf shelf. This front lies about 30-50 km (19-31 mi)
offshore. In the Gulf, these fronts are the most commonly utilized habitat of the pelagic
HMS species.

The Loop Current is a highly variable current entering the Gulf through the Yucatan
Straits and exiting through the Straits of Florida (as a component of the Gulf Stream) after
tracing an arc that may intrude as far north as the Mississippi-Alabama shelf. This current
has been detected down to about 1,000 m (3,300 ft) below the surface. Below that level there
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is evidence of a countercurrent. When the Loop Current extends into or near shelf areas,
instabilities, such as eddies, may develop that can push warm water onto the shelf or entrain
cold water from the shelf. These eddies consist of warm water rotating in a clockwise
fashion. Major Loop Current eddies have diameters on the order of 300-400 km (186-249
miles), and may extend to a depth of about 1,000 m. Once these eddies are free from the
Loop Current, they travel into the western Gulf along various paths to a region between 25°
N to 28°N and 93° W to 96° W. As eddies travel westward a decrease in size occurs due to
mixing with resident waters and friction with the slope and shelf bottoms. The life of an
individual eddy is about one year, after which it is typically assimilated by regional
circulation in the western Gulf. Along the Louisiana/Texas slope, eddies are frequently
observed to affect local current patterns, hydrographic properties, and possibly the biota of
fixed oil and gas platforms or hard bottoms. Once an eddy is shed, the Loop Current
undergoes major dimensional adjustments and reorganization.

U.S. Caribbean

(Material in this section is largely a summary of information in Appeldoorn and
Meyers, 1993. Original sources of information are referenced in that document.)

The waters of the Caribbean region include the coastal waters surrounding the U.S.
Virgin Islands and Puerto Rico. All of these Caribbean islands, with the exception of St.
Croix, are part of a volcanic chain of islands formed by the subduction of one tectonic plate
beneath another. Tremendously diverse habitats (rocky shores, sandy beaches, mangroves,
seagrasses, algal plains, and coral reefs) and the consistent light and temperature regimes
characteristic of the tropics are conducive to high species diversity.

The waters of the Florida Keys and southeast Florida are intrinsically linked with the
waters of the Gulf of Mexico and the Caribbean to the west, south, and east, as well as the
waters of the South Atlantic Bight to the north. These waters represent a transition from
insular to continental regimes and from tropical to temperate regimes, respectively, resulting
in a zone which contains one of the richest floral and faunal complexes.

Coastal and Estuarine Habitats

Although the U.S. waters of the Caribbean are relatively nutrient poor, resulting in
low rates of primary and secondary productivity, they display some of the greatest diversity
within the South Atlantic region. High and diverse concentrations of biota are found where
habitat is abundant. Coral reefs, sea grass beds, and mangrove ecosystems are the most
productive of the habitat types found in the Caribbean, but other areas such as soft-bottom
lagoons, algal hard grounds, mud flats, salt ponds, sandy beaches, and rocky shores are also
important in overall productivity. These diverse habitats allow for a variety of floral and
faunal populations.

Offshore, between the seagrass beds and the coral reefs and in deeper waters, sandy
bottoms and algal plains dominate. These areas may be sparsely or densely vegetated with a
canopy of up to one meter of red and brown algae. Algal plains are not areas of active sand
transport. These are algae-dominated sandy bottoms, often covered with carbonate nodules.
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They occur primarily in deep water (> 15 m, or 50 ft), and account for roughly 70 percent of
the area of the insular shelf of the U.S. Virgin Islands. Algal plains support a variety of
organisms including algae, sponges, gorgonian corals, solitary corals, mollusks, fish, and
worms. These areas may also serve as critical juvenile habitat for commercially important
(and diminishing) species such as queen triggerfish and spiny lobsters.

Coral reefs and other coral communities are some of the most important ecological
(and economic) coastal resources in the Caribbean. They act as barriers to storm waves and
provide habitat for a wide variety of marine organisms, including most of the economically
important species of fish and shellfish. They are the primary source for carbonate sand, and
serve as the basis for much of the tourism. Coral communities are created by the build up of
calcium carbonate produced by living animals, coral polyps, in symbiosis with a
dinoflagellate, known as zooxanthellae. During summer and early fall, most of the coral
building organisms are at or near the upper temperature limit for survival and thus living
under natural conditions of stress. Further increase in local or global temperature could
prove devastating.

Seagrass beds are highly productive ecosystems that are quite extensive in the
Caribbean; some of the largest seagrass beds in the world lie beyond the shore on both sides
of the Keys. Seagrass beds often occur in close association with shallow-water coral reefs.
Seagrasses are flowering plants that spread through the growth of roots and rhizomes. These
act to trap and stabilize sediments, reduce shoreline erosion, and buffer coral reefs; they
provide food for fish, sea turtles (heavy grazers), conch, and urchins; they provide shelter and
habitat for many adult species and numerous juvenile species that rely on the seagrass beds
as nursery areas; and they provide attachment surfaces for calcareous algae.

Mangrove habitats are very productive coastal systems that support a wide variety of
organisms. The mangrove food web is based largely on the release of nutrients from the
decomposition of mangrove leaves, and in part on the trapping of terrestrial material. Red
mangroves (Rhizophora mangle), with their distinctive aerial prop roots; grow along the
shoreline, often in mono-specific stands. The roots of the red mangroves help to trap
sediments and pollutants associated with terrestrial runoff and help to buffer the shore from
storm waves. Red mangrove forests support a diverse community of sponges, tunicates,
algae, larvae, and corals, as well as juvenile and adult fish and shellfish. Black mangroves
(Aveicennia germinans) and white mangroves (Laguncularia racemosa) grow landward of
the red mangroves. They also act as important sediment traps. Exposed and sheltered
mangrove shorelines are common throughout the U.S. Caribbean.

Throughout the U.S. Caribbean, both rocky shores and sandy beaches are common.
While many of these beaches are high-energy and extremely dynamic, buffering by reefs and
seagrasses allows some salt-tolerant plants to colonize the beach periphery. Birds, sea
turtles, crabs, clams, worms, and urchins use the intertidal areas.

Salt ponds, common in the U.S. Virgin Islands, are formed when mangroves or
fringing coral reefs grow or storm debris is deposited, effectively isolating a portion of a bay.
The resulting “pond” undergoes significant fluctuations of salinity with changes in relative
evaporation and runoff. As a result, the biota associated with salt ponds are, therefore, very
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specialized, and usually somewhat limited. Salt ponds are extremely important in trapping
terrestrial sediments before they reach the coastal waters.

Insular Shelf and Slope Areas

Puerto Rico and the U.S. Virgin Islands contain a wide variety of coastal marine
habitats, including coral and rock reefs, sea grass beds, mangrove lagoons, sand and algal
plains, soft bottom areas, and sandy beaches. Often times, these habitats are very patchily
distributed. Nearshore waters range from zero to 20 m (66 ft) in depth, and outer shelf
waters range from 20 to 30 m (66 to 99 ft) in depth, the depth of the shelf break. Along the
north coast the insular shelf is very narrow (two to three km wide), seas are generally rough,
and few good harbors are present. The coast is a mixture of coral and rock reefs, and sandy
beaches. The east coast has an extensive shelf that extends to the British Virgin Islands with
depths ranging from 18 to 30 m (59 to 99 ft). Much of the bottom is sandy, commonly with
algal and sponge communities. The southeast coast has a narrow shelf (eight km wide).
About 25 km (15.5 mi) to the southeast is Grappler Bank, a small seamount with its summit
at a depth of 70 m (231 ft). The central south coast broadens slightly to 15 km (99 mi) and
an extensive seagrass bed extends nine km (5.5 mi) offshore to Caja de Muertos Island.
Further westward, the shelf narrows again to just two km (1.2 mi) before widening at the
southwest corner to over 10 km (6 mi). The entirety of the southern shelf is characterized by
hard or sand-algal bottoms with emergent coral reefs, grass beds, and shelf edge. Along the
southern portion of the west coast the expanse of shelf continues to widen, reaching 25 km
(15.5 mi) at its maximum. A broad expanse of the shelf is found between 14 and 27 m (46
and 99 ft), where habitats are similar to those of the south coast. Along the west coast and to
the north, the shelf rapidly narrows to two to three kilometers.

Physical Oceanography

U.S. Caribbean waters are primarily influenced by the westward flowing North
Equatorial Current, the predominant hydrological driving force in the Caribbean region. It
flows from east to west along the northern boundary of the Caribbean plateau and splits at the
Lesser Antilles, flowing westward along the northern coasts of the islands.

The north branch of the Caribbean Current flows west into the Caribbean Basin at
roughly 0.5 m (1.7 ft) per second. It is located about 100 km (62 mi) south of the islands, but
its position varies seasonally. During the winter it is found further to the south than in
summer. Flow along the south coast of Puerto Rico is generally westerly, but this is offset by
gyres formed between the Caribbean Current and the island. The Antilles Current flows to
the west along the northern edge of the Bahamas Bank and links the waters of the Caribbean
to those of southeast Florida.

Coastal surface water temperatures remain fairly constant throughout the year and
average between 26° and 30°C (79° and 86°F). Salinity of coastal waters is purely oceanic
and therefore is usually around 36 ppt. However, in the enclosed or semi-enclosed
embayments, salinity may vary widely depending on fluvial and evaporational influences.
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It is believed that no upwelling occurs in the waters of the U.S. Caribbean (except
perhaps during storm events) and, since the waters are relatively stratified, they are severely
nutrient-limited. Nitrogen is the principal limiting nutrient in tropical waters.
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