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Figure 3. Code
surface drifters
such as this one
are deployed and
then tracked by
satellite to study
ocean currents.
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Recent oceanographic research indicates that farreaching linkages occur between south Florida
coastal waters and distant, “upstream” regions of
the Gulf of Mexico and the Caribbean Sea. The
research shows that sustainability of south
Florida’s coastal ecosystems depends on both
regional water-use practices and inputs from these
upstream areas. These findings may have a substantial impact on management of south Florida’s
coastal waters.
Although local activities having local impacts are
easily understood and can often be traced to the
source, managers and scientists tend to overlook
impacts of upstream areas when forecasting
environmental changes associated with Everglades restoration. With the exception of interior
portions of Florida Bay, all south Florida coastal
waters are tightly connected by a regional recirculation pattern. A combination of wind and Gulf
Stream influences causes this circulating flow of
water, which occasionally carries influences from
discharges such as the Mississippi River and other
rivers emptying into the eastern Gulf of Mexico.

South Florida Coastal System
The south Florida coastal region (Figure 1) is
comprised of separate subregions defined by their
different physical characteristics, flow properties,
and species composition. The oceanographic
linkage between the subregions depends on the
degree of transport and interaction of currents that
connect these subregions as well as the whole
coastal region. With the exception of the interior

of Florida Bay, recent current measurements using
fixed instruments and drifting devices (drifters)
that track flow have shown a high degree of
connectivity over the entire south Florida coastal
region and with upstream regions of the Gulf of
Mexico.
Water movements occur on time scales ranging
from minutes to seasons to years. Tidal currents
often account for a large part of the variation in
coastal currents and are important for local mixing
and dispersion of materials. Because of the reversing pattern of tidal currents, they are not effective
transport mechanisms over distances longer than a
few miles. Therefore, this report will focus on
slowly varying currents that exist for periods of
days to seasons, and are technically referred to as
“subtidal currents.” Subtidal currents are primarily responsible for linking adjacent and distant
regions to south Florida ecosystems. In the coastal
waters of south Florida, subtidal currents are
mainly produced by interactions between local
winds and large-scale Gulf Stream current systems (Figure 1). Subtidal coastal currents are also
strongly influenced by local depth contours and
coastline orientations. The major components of
the south Florida coastal system, Florida Bay,
Southwest Florida Shelf, and the Keys Coastal
Zone, are described below.
Florida Bay is a complex maze of shallow basins
separated by mud banks and mangrove islands.
The bay is openly connected to the Southwest
Florida Shelf along its wide western boundary, but
exchange with the Atlantic coastal zone of the
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Water properties and currents in the Keys Coastal
Zone are also highly influenced by interaction
with the Florida Current and the evolution of
eddies that travel downstream along its onshore
boundary (Figure 1). Large eddies with diameters
of 60-120 miles initiate along the onshore boundary of the Loop Current and can remain stationary
in the Dry Tortugas region for several months.
After this period, they move into the lower Keys
and follow the curve of the Florida Current toward the upper Keys with decreasing size and
increasing forward speed. These features can
occur any time of year. They intensify the westward countercurrents in the Keys, providing
enhanced interaction with coastal waters and
helping to maintain oceanic low-nutrient conditions required for coral reef survival. Average
flows in the Keys Coastal Zone are directly
related to the offshore distance of the Florida
Current. Stronger downstream flows occur in the
upper Keys due to the close proximity of the
Florida Current to the outer shelf. Greater upstream (countercurrent) flows occur in the lower
and western Keys because of three factors: the
Florida Current is typically farther offshore and
there are more persistent eddies and easterly
winds (Figure 1).

in the summer when winds shift to southeasterly.
The lower-layer currents are generally southward
throughout the year.
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Figure 1. Schematic representation of the average flow patterns in the south Florida
recirculation system that connects the different subregions. The arrows denote the
directions of ocean currents; the double arrows show the flow of the Loop Current
into the Florida Current.

The Southwest Florida Shelf is the southern
extension of the wide, shallow West Florida Shelf
with smoothly changing depth contours aligned in
a northwest-southeast direction. The West Florida
Shelf undergoes seasonal layering of the water
column (well-mixed in fall and winter and vertically layered in spring and summer) because of
seasonal changes in the strength of wind mixing,
atmospheric heating, and river runoff along its
eastern border. The water on this wide shelf
responds as a unit to alongshore (north/south)
winds leading currents toward the north (or south)
by less than one day. In other words, if there is a
north wind the water currents will start moving
from north to south within one day. Seasonal
changes in wind strength and direction also
produce seasonal differences in the strength of the
currents, with greater current variations in winter
in response to cold fronts and weaker currents in
summer. There is also a seasonal pattern in the
upper layer currents, which are more southward in
the winter, spring, and fall, changing to northward

Keys is restricted to a few narrow tidal channels
through the Keys island chain. The northern
boundary is mangrove fringed, with freshwater
input in the northeastern region through Taylor
Slough and Trout Creek. The rapid fall-off of tidal
range with increasing distance from the western
boundary and the dramatic increases in salinities
in the interior basins indicate that only small
amounts of water exchange between the northeast
and central portions of the bay and adjacent
subregions (the Southwest Florida Shelf and the
Keys Coastal Zone).
Waters of Florida Bay mix with waters from two
very different continental shelves: the Southwest
Florida Shelf to the west and the Keys Coastal
Zone to the east and south. These two regions
exchange waters with each other through the tidal
channels between the Keys and with the strong
oceanic currents at their outer edges: the Loop
Current in the Gulf and Florida Current on the
Atlantic side of the Keys (Figure 1).
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Surprisingly, the strength of the southward flow
appears to vary with the position and size of the
Loop Current. A large Loop Current extending
well to the north in the Gulf of Mexico tends to be
linked with weaker southward flows over the
shelf. In contrast, a small Loop Current that
remains near the Dry Tortugas is associated with
increased southward flow on the shelf.
Cross-shelf flows in the southwest shelf area
indicate an estuarine-like circulation that occurs
for most of the year, with offshore flow in the
upper layer and onshore in the lower layer.
Freshwater runoff occurs in the Ten Thousand
Islands area through a series of small rivers: Shark
River, Broad River, and Lostmans River. Their
combined discharges form a low-salinity band
that extends to the southeast and into western
Florida Bay because of the southeastward flow of
these currents. The resultant mixing helps to
lower hypersalinity conditions within western
basins of the bay.
The Keys Coastal Zone consists of a narrow,
curving shelf with complex topography associated
with its shallow reef tract. The curving shoreline
causes regional differences in current patterns in
response to prevailing easterly winds and Florida
Current influences. Average current flows in the
lower and western Keys are toward the west
throughout the year because of the westwardoriented coastline. In the lower and western Keys,
westward currents are persistent at the reef tract
and Hawk Channel because of the prevailing
easterly winds. In the upper Keys, these same
winds blow onshore and have little effect on
alongshore currents (Figure 1). The middle Keys
are a transition region. The seasonal cycle of
winds results in a seasonal change in coastal
currents that is most pronounced in the upper and
middle Keys where northward flows occur in the
summer during southeasterly winds and southward flows occur in fall, winter, and spring from
northeast and east winds.

Gulf to Atlantic Flows through the Keys
The Southwest Florida Shelf is connected to the
Keys Coastal Zone through passes between the
Keys. Current meters and sea level recorders
show an average southeastward flow of 21,908
cubic feet per second (cfs) or 620 cms (cubic
meters per second) through Bahia Honda Channel
during a two-month period in the fall and 9,258
cfs (262 cms) for a one-year period through Long
Key Channel. The strongest transport toward the
Keys occurs during winter and spring. This
southeastward flow at times transports plankton
blooms and highly turbid waters from western
Florida Bay toward the reef tract. Previously, it
was not clear how this flow could exist against the
prevailing easterly winds. Recent measurements
show that the southeast flow was produced by a
Gulf-to-Atlantic slope in sea level that was set up
by local winds affecting sea level differently in
the two shelf environments. A wind from the
southeast causes sea level to be higher in western
3
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Water properties and currents in the Keys Coastal
Zone are also highly influenced by interaction
with the Florida Current and the evolution of
eddies that travel downstream along its onshore
boundary (Figure 1). Large eddies with diameters
of 60-120 miles initiate along the onshore boundary of the Loop Current and can remain stationary
in the Dry Tortugas region for several months.
After this period, they move into the lower Keys
and follow the curve of the Florida Current toward the upper Keys with decreasing size and
increasing forward speed. These features can
occur any time of year. They intensify the westward countercurrents in the Keys, providing
enhanced interaction with coastal waters and
helping to maintain oceanic low-nutrient conditions required for coral reef survival. Average
flows in the Keys Coastal Zone are directly
related to the offshore distance of the Florida
Current. Stronger downstream flows occur in the
upper Keys due to the close proximity of the
Florida Current to the outer shelf. Greater upstream (countercurrent) flows occur in the lower
and western Keys because of three factors: the
Florida Current is typically farther offshore and
there are more persistent eddies and easterly
winds (Figure 1).
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Figure 1. Schematic representation of the average flow patterns in the south Florida
recirculation system that connects the different subregions. The arrows denote the
directions of ocean currents; the double arrows show the flow of the Loop Current
into the Florida Current.

The Southwest Florida Shelf is the southern
extension of the wide, shallow West Florida Shelf
with smoothly changing depth contours aligned in
a northwest-southeast direction. The West Florida
Shelf undergoes seasonal layering of the water
column (well-mixed in fall and winter and vertically layered in spring and summer) because of
seasonal changes in the strength of wind mixing,
atmospheric heating, and river runoff along its
eastern border. The water on this wide shelf
responds as a unit to alongshore (north/south)
winds leading currents toward the north (or south)
by less than one day. In other words, if there is a
north wind the water currents will start moving
from north to south within one day. Seasonal
changes in wind strength and direction also
produce seasonal differences in the strength of the
currents, with greater current variations in winter
in response to cold fronts and weaker currents in
summer. There is also a seasonal pattern in the
upper layer currents, which are more southward in
the winter, spring, and fall, changing to northward

Keys is restricted to a few narrow tidal channels
through the Keys island chain. The northern
boundary is mangrove fringed, with freshwater
input in the northeastern region through Taylor
Slough and Trout Creek. The rapid fall-off of tidal
range with increasing distance from the western
boundary and the dramatic increases in salinities
in the interior basins indicate that only small
amounts of water exchange between the northeast
and central portions of the bay and adjacent
subregions (the Southwest Florida Shelf and the
Keys Coastal Zone).
Waters of Florida Bay mix with waters from two
very different continental shelves: the Southwest
Florida Shelf to the west and the Keys Coastal
Zone to the east and south. These two regions
exchange waters with each other through the tidal
channels between the Keys and with the strong
oceanic currents at their outer edges: the Loop
Current in the Gulf and Florida Current on the
Atlantic side of the Keys (Figure 1).
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Surprisingly, the strength of the southward flow
appears to vary with the position and size of the
Loop Current. A large Loop Current extending
well to the north in the Gulf of Mexico tends to be
linked with weaker southward flows over the
shelf. In contrast, a small Loop Current that
remains near the Dry Tortugas is associated with
increased southward flow on the shelf.
Cross-shelf flows in the southwest shelf area
indicate an estuarine-like circulation that occurs
for most of the year, with offshore flow in the
upper layer and onshore in the lower layer.
Freshwater runoff occurs in the Ten Thousand
Islands area through a series of small rivers: Shark
River, Broad River, and Lostmans River. Their
combined discharges form a low-salinity band
that extends to the southeast and into western
Florida Bay because of the southeastward flow of
these currents. The resultant mixing helps to
lower hypersalinity conditions within western
basins of the bay.
The Keys Coastal Zone consists of a narrow,
curving shelf with complex topography associated
with its shallow reef tract. The curving shoreline
causes regional differences in current patterns in
response to prevailing easterly winds and Florida
Current influences. Average current flows in the
lower and western Keys are toward the west
throughout the year because of the westwardoriented coastline. In the lower and western Keys,
westward currents are persistent at the reef tract
and Hawk Channel because of the prevailing
easterly winds. In the upper Keys, these same
winds blow onshore and have little effect on
alongshore currents (Figure 1). The middle Keys
are a transition region. The seasonal cycle of
winds results in a seasonal change in coastal
currents that is most pronounced in the upper and
middle Keys where northward flows occur in the
summer during southeasterly winds and southward flows occur in fall, winter, and spring from
northeast and east winds.

Gulf to Atlantic Flows through the Keys
The Southwest Florida Shelf is connected to the
Keys Coastal Zone through passes between the
Keys. Current meters and sea level recorders
show an average southeastward flow of 21,908
cubic feet per second (cfs) or 620 cms (cubic
meters per second) through Bahia Honda Channel
during a two-month period in the fall and 9,258
cfs (262 cms) for a one-year period through Long
Key Channel. The strongest transport toward the
Keys occurs during winter and spring. This
southeastward flow at times transports plankton
blooms and highly turbid waters from western
Florida Bay toward the reef tract. Previously, it
was not clear how this flow could exist against the
prevailing easterly winds. Recent measurements
show that the southeast flow was produced by a
Gulf-to-Atlantic slope in sea level that was set up
by local winds affecting sea level differently in
the two shelf environments. A wind from the
southeast causes sea level to be higher in western
3

Therefore, we cannot expect that increasing the
freshwater flow to the Everglades will have a
substantial impact on waters of the Southwest
Florida Shelf or Keys Coastal Zone. However, an
increased Everglades flow should cause considerable modification of salinity within Florida Bay
from both increased discharges into northeast
Florida Bay via Taylor Slough and Trout Creek,
and into western Florida Bay through the southeastward movement of the Shark River lowsalinity plume. Further moderation of hypersaline
conditions that develop in the central bay could
occur if freshwater outflows were distributed
along the northern boundary of the bay and into
the poorly flushed Whipray Basin region.

Florida Bay than along the Atlantic side of the
Keys. This difference in height forces water to
flow against the wind, “downhill” through the
passes. On the other hand, a wind from the east or
northeast, typical of fall conditions, could reverse
the sea level slope and drive Keys coastal waters
into western Florida Bay.
The long-term average flow through the passes of
the middle Keys is estimated at about 26,148 cfs
(740 cms) toward the reef tract and may be influenced by the Loop Current in the Gulf of Mexico.
This is a very large flow for a long-term average.
Its magnitude can be better appreciated when
compared to the annual average river discharge of
about 106,000 cfs (3,000 cms) from all the rivers
along the southeast coast of the United States. The
freshwater flow trickling out of the Everglades
through the Ten Thousand Islands and Florida Bay
of about 353 cfs (10 cms) pales in comparison.
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Implications for South Florida Coastal
Ecosystems
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by satellite indicate that there are three common
pathways that connect the upper level waters of
the entire south Florida coastal system (Figure 2).
The primary pathways are either to the southeast
and through the passes of the middle Keys, which
is most common during winter and spring, or
southwest to the Tortugas during the fall. Time to
reach the Keys Coastal Zone is one to two months
for these routes. The third pathway is to the
northwest in the summer and eventual merger
with the Loop Current, followed by transport to
the Tortugas. This exchange route takes place over
a three- to six-month period. Drifter movements
on the southwest shelf for periods longer than a
day result primarily from currents induced by
local winds. Surprisingly, all the drifters eventually entered the Keys Coastal Zone. Once there
they tend to recirculate in coastal eddies and
wind-driven countercurrents for periods of one to
three months, or are caught up by the Florida
Current and rapidly removed from the coastal
system.
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South Florida coastal waters are highly connected
throughout the region by local circulation patterns, as well as to distant regions of the Gulf of
Mexico and Caribbean by large-scale oceanic
currents of the Gulf Stream system. These recirculating current systems provide ample opportunity
for recruitment of local- and foreign-spawned
larvae on time scales commensurate with larval
duration periods and may help explain the great
abundances and high diversities of the coastal
ecosystems. However, the current systems that
help maintain the strength and variety of the
ecosystems can also make them vulnerable to
intrusions of pollutants or waters of poor quality
from nearby or distant sources. Thus, the
sustainability of ecosystems in south Florida
waters depends not only on water management
policies of the entire south Florida region, but also
on those of upstream regions in the eastern Gulf
of Mexico.
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Figure 2. Seasonal patterns of surface drifter trajectories: a) fall; b) winter; c) spring; and d)
summer. All drifters deployed offshore of Shark River.
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Therefore, we cannot expect that increasing the
freshwater flow to the Everglades will have a
substantial impact on waters of the Southwest
Florida Shelf or Keys Coastal Zone. However, an
increased Everglades flow should cause considerable modification of salinity within Florida Bay
from both increased discharges into northeast
Florida Bay via Taylor Slough and Trout Creek,
and into western Florida Bay through the southeastward movement of the Shark River lowsalinity plume. Further moderation of hypersaline
conditions that develop in the central bay could
occur if freshwater outflows were distributed
along the northern boundary of the bay and into
the poorly flushed Whipray Basin region.

Florida Bay than along the Atlantic side of the
Keys. This difference in height forces water to
flow against the wind, “downhill” through the
passes. On the other hand, a wind from the east or
northeast, typical of fall conditions, could reverse
the sea level slope and drive Keys coastal waters
into western Florida Bay.
The long-term average flow through the passes of
the middle Keys is estimated at about 26,148 cfs
(740 cms) toward the reef tract and may be influenced by the Loop Current in the Gulf of Mexico.
This is a very large flow for a long-term average.
Its magnitude can be better appreciated when
compared to the annual average river discharge of
about 106,000 cfs (3,000 cms) from all the rivers
along the southeast coast of the United States. The
freshwater flow trickling out of the Everglades
through the Ten Thousand Islands and Florida Bay
of about 353 cfs (10 cms) pales in comparison.
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pathways that connect the upper level waters of
the entire south Florida coastal system (Figure 2).
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and through the passes of the middle Keys, which
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southwest to the Tortugas during the fall. Time to
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with the Loop Current, followed by transport to
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Recent oceanographic research indicates that farreaching linkages occur between south Florida
coastal waters and distant, “upstream” regions of
the Gulf of Mexico and the Caribbean Sea. The
research shows that sustainability of south
Florida’s coastal ecosystems depends on both
regional water-use practices and inputs from these
upstream areas. These findings may have a substantial impact on management of south Florida’s
coastal waters.
Although local activities having local impacts are
easily understood and can often be traced to the
source, managers and scientists tend to overlook
impacts of upstream areas when forecasting
environmental changes associated with Everglades restoration. With the exception of interior
portions of Florida Bay, all south Florida coastal
waters are tightly connected by a regional recirculation pattern. A combination of wind and Gulf
Stream influences causes this circulating flow of
water, which occasionally carries influences from
discharges such as the Mississippi River and other
rivers emptying into the eastern Gulf of Mexico.

South Florida Coastal System
The south Florida coastal region (Figure 1) is
comprised of separate subregions defined by their
different physical characteristics, flow properties,
and species composition. The oceanographic
linkage between the subregions depends on the
degree of transport and interaction of currents that
connect these subregions as well as the whole
coastal region. With the exception of the interior

of Florida Bay, recent current measurements using
fixed instruments and drifting devices (drifters)
that track flow have shown a high degree of
connectivity over the entire south Florida coastal
region and with upstream regions of the Gulf of
Mexico.
Water movements occur on time scales ranging
from minutes to seasons to years. Tidal currents
often account for a large part of the variation in
coastal currents and are important for local mixing
and dispersion of materials. Because of the reversing pattern of tidal currents, they are not effective
transport mechanisms over distances longer than a
few miles. Therefore, this report will focus on
slowly varying currents that exist for periods of
days to seasons, and are technically referred to as
“subtidal currents.” Subtidal currents are primarily responsible for linking adjacent and distant
regions to south Florida ecosystems. In the coastal
waters of south Florida, subtidal currents are
mainly produced by interactions between local
winds and large-scale Gulf Stream current systems (Figure 1). Subtidal coastal currents are also
strongly influenced by local depth contours and
coastline orientations. The major components of
the south Florida coastal system, Florida Bay,
Southwest Florida Shelf, and the Keys Coastal
Zone, are described below.
Florida Bay is a complex maze of shallow basins
separated by mud banks and mangrove islands.
The bay is openly connected to the Southwest
Florida Shelf along its wide western boundary, but
exchange with the Atlantic coastal zone of the

