
Tidal Influence on Barrier Island Morphodynamics: Examples from Florida, USA

INTRODUCTION

Barrier islands characterize most depositional coasts that
have at least a moderate sediment supply and a shallow
nearshore gradient on which to accumulate sand bodies.
Primary factors in the development of the coastal morphology
are the relative influence of wave- and tide-generated
processes. Waves and the currents that they generate have a
generally shore-parallel orientation and tidal flux tends to be
normal or at a significant angle to the shore. The tide-generated
processes try to move sediment onshore and offshore whereas
the wave-generated processes tend to align sediment along the
shoreline. The interaction of these processes produces both the
broad morphology and the orientation of specific sediment
bodies.

We generally classify the general morphologic nature of
coasts as being tide-dominated, mixed energy or wave-
dominated. Barrier islands may develop on only mixed energy
coasts and wave-dominated coasts. Under tide-dominated
conditions sediment bodies tend to be aligned normal or at
oblique angles to the overall coastal trend ( and ,
1984) because of the onshore-offshore dominance of tidal flux.
Examples of this include the middle of the German Bight, St.
Helena Sound on the Georgia Bight of the United States, and the
west coast of Korea in theYellow Sea.

The physical processes, including winds, tides, waves and
sea-level rise, interact with the geologic and geomorphic setting
to produce the coastal morphology that exists at the present
time. Barrier coasts are typically low to moderate energy with
either a wave-dominated or mixed-energy system in which
there are wave-dominated mixed-energy, and tide-dominated
inlet morphologies.

Tidal inlets are an integral element in coastal barrier island
systems. These inlets range widely in size, morphology and
stability depending on sediment supply, tidal prism and the
interaction of tidal flux with the open coast wave-dominated
processes that produce longshore currents.

This paper will present the range of conditions that develop
barrier islands and the variations in the resulting sediment
bodies. It will also examine the range of tidal inlet
morphodynamics and how these dynamic coastal environments
interact with and influence barrier island development.

A general diagram showing the relationship of wave energy

and tidal energy as they relate to the development of coastal
morphology shows the qualitative distribution of these
processes and the resulting morphology (Figure 1). The
diagram is divided into general energy fields that converge
toward the origin and that characterize coastal types. Note that
barrier islands are restricted to conditions below the more wave-
influenced portion of the continuum.

Obvious parts of barrier island systems are the barriers
themselves and the tidal inlets that separate them. We typically
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Figure 1. Diagram showing the relationship between wave
energy and tidal energy as they influence coastal morphology.
(from and 1984; modified from 1979).DAVIS HAYES, HAYES,
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Tidal processes and wave processes influence both barrier islands and the inlets that separate them. Barrier islands
are generally termed wave-dominated or mixed energy, each of which has its own set of characteristics. Inlets may
be wave-dominated, mixed energy or tide-dominated. A range of combinations of these types of elements
comprises the barrier-inlet system. Wave-dominated barriers may be associated with wave-dominated inlets or
tide-dominated inlets depending on the relationships between wave and tidal energies, and on sediment transport.
The result will be long and straight barriers with small inlets/closed inlets, or right angle barriers where tide-
dominated inlets are present. Mixed energy inlets are typically associated with mixed energy or drumstick barriers.
Changes in conditions may cause wave-dominated barriers to transition to mixed energy barriers and vice versa.
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consider two types of barrier islands: wave-dominated and
mixed energy or drumstick barriers. Tidal inlets may be tide-
dominated, mixed energy or wave-dominated. Although there
is a continuum throughout the entire spectrum of each of these
primary elements, we can characterize each of the primary types
in the general diagram showing the relationship of wave energy
and tidal energy related to the development of coastal
morphology .

Wave-dominated barriers are typically long, narrow, low in

Elevation and have multiple washover fans. Inlets tend to be
small and widely spaced with little or no ebb tidal delta ( ,
1979; DAVIS and , 1984). They are generally parallel to
the overall trend of the shoreline. Under today's conditions of
rising sea level, most wave-dominated barriers are migrating
landward over periods of decades to centuries is produced.

Inlets that have little tidal prism and are situated in a barrier
island complex that experiences a high rate of longshore
sediment transport are wave-dominated. These inlets are small,
unstable and without a significant ebb-tidal delta (Figures 4 and
5). Wave-dominated inlets commonly migrate rapidly
alongshore and may close.

Wave-dominated Barriers

Mixed Energy Barriers

Wave-dominated Inlets

Mixed Energy Inlets
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A significant contribution from both wave- and tide-
dominated processes along the coast results in what are called
mixed energy barriers. These sediment bodies are more
complex than the wave-dominated barriers. They tend to be
shorter with a relatively wide end and a narrow end (Figure 3).
The wide end is characterized by prograding beach/dune ridges
separated by narrow wetlands or open water called catseye
ponds ( , 1974). The narrow end is low in elevation
and is characterized by washover fans. Progradation is
extensive on the wide end and transgression takes place on the
narrow end.

In situations of a nearly equal mix of wave and tidal influence
on tidal inlets what is called a mixed energy inlet. Mixed energy
inlets tend to be stable and have a well-developed ebb-tidal
delta (Figures 6 and 7). These inlets are commonly deep
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Figure 2. Vertical aerial photo ofAnclote Key in 1973 showing a
wave-dominated morphology.

Figure 3. Oblique aerial photograph of Caladesi Island, Florida,
an excellent example of a mixed energy barrier island. Dunedin
Pass as it appeared in 1975 is in the foreground.

Figure 5. Oblique aerial photo of Midnight Pass in 1983 a few
months before it closed.

Figure 4. Schematic diagram of a wave-dominated tidal inlet.
(from and , 1993).GIBEAUT DAVIS
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and carry a high tidal prism. This combination and a significant
amout of longshore sediment transport produces an ebb-tidal
delta that has a well-developed terminal lobe seaward of
prominent channel-margin linear bars.

The conditions that produce wave-dominated inlets are

Tide-dominated Inlets

Barriers with Wave-dominated Tidal Inlets

Under conditions of high tidal prism and little longshore
sediment transport, the inlet morphology is dominated by tidal
processes. These inlets are quite stable, deep and are
characterized by sediment bodies that are long and essentially
shore normal. These prominent channel-margin linear bars are

the primary elements of a tide-dominated ebb-tidal delta
(Figure 8).

Although we can describe the morphodynamic nature of
each of the major elements of the barrier/inlet system, the
interaction of these elements is what produces the eventual
morphology of the barrier islands. In this section we will
consider how tidal processes influence the morphology of
barrier islands. This can take place in a wide range of settings
with both types of barrier islands being influenced by each of
the three types of inlets.

INTERACTION OF TIDAL INLETS WITH
BARRIER ISLANDS

Figure 7. Vertical aerial photo at Stump Pass, Florida, a good
example of a mixed energy inlet.

Figure 9. Schematic model of the development of a drumstick
barrier island. (after , 1974).HAYES et al

Tidal Influence on Barrier Island Formation

Figure 6. Schematic diagram of a typical mixed-energy tidal
inlet. (from and , 1993).GIBEAUT DAVIS

Figure 8. Schematic diagram of a tide-dominated inlet. (from
and , 1993).GIBEAUT DAVIS
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typically small backbarrier estuaries and lagoons, and
microtidal or low mesotidal conditions along with a high rate of
longshore sediment transport. The result is a nearly smooth and
uninterrupted coastal trend. The minimal tidal prism causes the
tidal inlets to be small and unstable with little or no ebb-tidal
delta (Figure 5) or for the inlet to close as littoral sediment
chokes the inlet channel. Agood example of this is on the Texas
coast where Mustang and Padre Islands have several inlets (e.g.
Corpus Christi Pass and Packery Channel) that are closed most
of the time but opened by hurricanes.

Mixed energy inlets develop because tidal flux is at least
moderately large as a result of a combination of large
backbarrier bays and/or tidal range leading to a relatively high
tidal prism. Such a setting produces a well-developed ebb-tidal
delta. This ebb delta and its arcuate terminal lobe provides a
broad sediment protuberance around which prevailing waves
are refracted. This refraction causes a local reversal of the
longshore sediment transport in the lee of the ebb delta (Figure
9). As a result there is a local sediment sink in the zone
downdrift of the regional longshore sediment transport
direction. These sediments initially accumulate as swash bars
that migrate landward, weld to the shoreline and develop into
beach/dune ridges to form drumstick barrier islands (

, 1974; , 1979).
Continuation of this scenario results in a drumstick barrier

(Figure 9) and eventually there will be a significant downdrift
offset as sediment is trapped in the lee of the ebb delta. In some
cases this offset may be hundreds of meters such as at Big
Sarasota Pass between Lido and Siesta Keys in Sarasota
County, Florida. The morphology of these barriers is, in part, an
indirect result of tidal processes.

Because tidal prism tends to dominate the morphology of
tidal inlets under a wide range of longshore transport rates and
tidal ranges, we can have tide-dominated inlets, even under
microtidal conditions. It is also possible to have wave-
dominated barriers separated by tide-dominated inlets. In fact
wave-dominated barriers are associated only with either wave-
dominated inlets or tide-dominated inlets. Mixed energy inlets

cause mixed-energy barriers to develop the typical drumstick
morphology. This occurs because only mixed energy inlets
cause wave refraction and a reversal of sediment transport and
the development of a sediment sink. In the case of wave-
dominated inlets, the sediment bypasses the inlet and continues
along the barrier islands system.

Tide-dominated inlets present barriers to sediment by
passing and essentially trap it in much the same way as a
constructed jetty. In some ways a well-developed channel
margin linear bar acts as a natural jetty (Figure 10). As sediment
accumulates on the channel-margin bar from longshore
transport it eventually is captured by flooding currents and is
carried through the marginal flood channels and along the inlet
channel producing a right-angle spit at the downdrift end of the
barrier island.

Tide-dominated inlets carry some of the sediment into the
inlet channel modifying the morphology of the adjacent wave-
dominated barrier. This is caused by the sediment that
accumulates in the channel-margin bar accumulating to the
point that it becomes entrained in the flood currents and is
carried through the marginal flood channels. This sediment is

Barriers with Mixed Inlets
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BARRIERS NEXT TO TIDE-DOMINATED
INLETS

Figure 12. Oblique aerial photo of the north end of Anclote Key
showing multiple spits as the barrier was extended and was
terminated at the inlet channel in the foreground.

Figure 10. Well-developed channel-margin linear bar on the
updrift (north) side of Longboat Key, Sarasota County, Florida.

Davis

Figure 11. Examples of right-angle barriers from the central
Gulf Coast of the Florida peninsula.

Figure 13. Oblique aerial photo of the south end of Anclote Key
in 2000 showing the development of swash bars and incipient
drumstick morphology.
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deposited along the updrift side of the tidal channel as part of the
barrier island forming a right-angle barrier (Figure 11).
Although this barrier form has been reported previously
( , 1994), their origin has not been described.

In this manner the extension of the wave-dominated barriers
is limited by the presence of the tide-dominated inlet. The
development of this right angle barrier can be seen as the barrier
extends across a spit platform. The initial spit extension shows
a slight landward trend and the successive spit lobes become
more and more landward oriented until the spit it at right angles
to the barrier trend (Figure 12).

There are circumstances under which barriers transition
from wave-dominated to mixed energy and vice versa. These
changes are caused by some combination of changes in
sediment availability, tidal prism, and wave climate. Because
these changes in barrier type may take place in only decades,
they can be monitored and documented.

One of the conditions that is common in a wave-dominated
barrier is that sediment supply is limited. Even if inlet channels
carry a significant tidal prism, if there is little sediment
available, the amount that is transported alongshore to the inlet
is small. The influx of large volumes of sediment may change
this scenario by causing the formation of swash bars that
migrate landward to begin the formation of a drumstick barrier
(Figure 13). If this is accompanied by the development of a
pronounced ebb-tidal delta the barrier/inlet couplet will have
experienced a major change in morphology.

This paper is the result of multiple projects funded by the
State of Florida, the U. S. Geological Survey, the U. S. Army,
Corps of Engineers, Florida Sea Grant College and Pinellas
County. Several students at the University of South Florida
helped with the data collection and synthesis over many years.
As is obvious, many of the ideas of Miles Hayes have been
incorporated.
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TRANSITION BETWEEN BARRIER
TYPES

Wave-dominated to Mixed Energy

Mixed Energy to Wave-dominated

Because the presence of a well-developed ebb delta is a key
to the formation of a mixed energy or drumstick barrier, the loss
of this feature will trigger a change in barrier island
morphology. Instead of waves refracting around an ebb delta
and trapping sediment on the updrift side, these waves will
produce longshore currents that move across the inlet carrying
sediment with it. The inlet becomes wave-dominated and
permits sediment to be carried along the entire barrier. A good
example of this situation is at Caladesi Island and Dunedin Pass
on the central Gulf Coast of the Florida peninsula. Dunedin Pass
was becoming smaller and less stable over about a century prior
to the late 1980s ( - and Davis, 1977). This
condition was caused by a loss of tidal prism. As a consequence
there was some deterioration of the ebb delta but it remained
effective until the early 1980s (Figure 14). In 1985 Hurricane
Elena passed offshore of this coast and generated waves and
longshore currents that removed the ebb delta at Dunedin Pass.

Within three years the inlet was closed as sediment choked the
channel (Figure 15).

The hurricane also eroded some of the beach/dune ridges in
the lee of the former ebb delta. Over the period since the storm
and closure of Dunedin Pass the north (downdrift) end of
Caladesi Island has received significant sediment from the
south and the shoreline has prograded more than 10m.

Barrier islands are very dynamic, even over only periods of
decades. The interaction of tidal and wave processes is
responsible for their morphology. Changes in either of these
processes or in the availability of sediment may cause
significant changes in barrier morphology. Wave-dominated
barriers typically have wave-dominated inlets or tide-
dominated inlets but do not have mixed energy inlets. Mixed
energy barriers are typically associated with mixed energy
inlets. Changes in major processes or in the availability of
sediment may cause a mixed energy barrier to transition to a
wave-dominated barrier or vice versa.
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Figure 14. Oblique aerial photo of Dunedin Pass in 1979
showing a well-developed ebb-tidal delta. Figure 15. Oblique aerial photo of closed Dunedin Pass in 1990.
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