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Barrier islands are complex ecosystems that exist off the coast of
every continent except Antarctica. They protect the coastline from
direct impacts of storms and sea-level rise. These islands are home
to people and animals, some of which are endangered. Barrier
islands naturally move and change shape, but climate change and
human development can prevent this movement, disrupting natural
processes. Conservation of barrier islands is important for providing
habitats for plants and animals as well as for protecting the coast of
the mainland.

WHAT IS A BARRIER ISLAND?

Barrier islands (Figure 1) are made of sand and are created and
changed by wind, waves, and tides. Barrier islands are found on about
15% of the world’'s coastlines, on all continents except Antarctica
[1]. Along the east coast of the United States, barrier islands occur
along 78% of the shoreline from Maine to Florida. Some islands are
close to the mainland (a few 100 m), but others can be found several
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LAGOON

A shallow body of
water separated from
the ocean by a barrier
island or barrier reef.

Figure 1

A cross-section of

a barrier island. The
beach is found
between the dune and
the tideline of the
ocean. Dunes are
mounds of sand
formed by the
interaction of plants
and windblown sand.
The swaleis a
low-elevation inland
area that is protected
by the dune. Forests
can grow in the interior
of the island when
disturbance is low.
Marshes are found in
low-lying areas flooded
by tides. The lagoon
contains saltwater and
is separated from the
ocean by the barrier
island. Below the island
but above the saltwater
sits the freshwater lens,
where rainwater
collects (image credit:
Julia Yee).

FRESHWATER LENS

Groundwater (from
rain) under a barrier
island that is less dense
than seawater, sits on
top of seawater under a
barrier island, and is
accessible to

plant roots.

SWALE

The low-elevation area
of land behind a dune
or between dune
ridges. These areas are
usually sheltered from
wind and waves, and
can be flooded

by groundwater.

kilometers away. Barrier islands are surrounded by water—on one side
is the ocean and on the other is the lagoon, a body of saltwater
separated from the ocean by the island. No matter where they occur,
barrier islands protect the mainland (a large, non-island land mass) by
reducing damage from storms.
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Figure 1

Depending on the location, climate, and amount of disturbance from
storms, wind, and waves, barrier islands have different kinds of plant
communities that provide habitats for animals. On the ocean side of
the island, the high tide determines where plants can grow, because
the high salt content of ocean water limits plant growth. In the
beach environment there is a lot of salt and sunlight, and summer
temperatures can be very hot. Only a few plant species grow in
these harsh conditions. Plants that can survive here may begin to
trap wind-blown sand, forming small dunes. Many of these plants
are grasses, but some trees and shrubs also build dunes. As dunes
grow, they protect the interior of the island from salty seawater and
windblown sand, allowing different types of plants to grow in these
protected areas (Figure 2).

Because they are surrounded by seawater, barrier islands have limited
freshwater. The only source of freshwater comes in the form of
rainfall, but it travels quickly through the sand and floats on top of
salty seawater in the sand underneath the island. This is called the
freshwater lens, and it provides an important source of freshwater
for island plant communities (Figure 1). Water in the freshwater
lens usually does not mix with seawater unless it is disturbed by a
storm. Storms that contaminate the freshwater lens with seawater
are expected to happen more often as the climate changes and sea
levels rise.

Inland areas behind dunes are called swales. Swales are often lower
in elevation than dunes and they support plants that may not be as
tolerant of the beach environment. Over time, grasses and other plants
in swales may be replaced by shrubs and small trees that provide
perches for birds and cover for mammals. If the inland areas of the
barrier island are left undisturbed by storms and sea-level rise, forests
can develop. On the lagoon side of the island, opposite the ocean,

kids Volume 12 | Article 1347213 | 2


https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1347213
https://kids.frontiersin.org/article/10.3389/frym.2024.1347213
https://kids.frontiersin.org/article/10.3389/frym.2024.1347213

Figure 2

Overwash occurs when
sand washes over the
dunes and into the
island interior. High
waves can push water
over dunes, carrying
sand from the beach to
the middle of the island
and sometimes into the
marsh behind the
island. Over time,
overwash can help
barrier islands move
toward the mainland
and stay above rising
sea-levels (image
credit: Julia Yee).

SALTWATER MARSH

Low-elevation habitat
that is built on mud,
regularly flooded by
high tides, and covered
by flood-tolerant
vegetation.

OVERWASH

The flow of seawater
and sand (usually storm
driven) over a dune,
which is then
deposited inland.

Barrier Island

«— Mainland Lagoon Marsh

Figure 2

saltwater marshes often form in shallow water and are flooded by daily
tides (Figure 1). Marshes are covered by plants that grow in thick mud
and are tolerant of flooding and saltwater carried by the tides.

Storms and sea-level rise create changes on barrier islands. Strong
storms (like hurricanes) affect the coast every year, causing damage
from flooding, large waves, and strong winds. During storms, high
waves can erode or knock down dunes and can change the landscape
of the whole island by moving sand from the beach and dunes toward
the interior and back of the island (Figure 2). This is called overwash
because sand is washed over the dunes into the island interior or
the lagoon-side marsh [2]. When overwash occurs, dunes may be
flattened by waves, but eventually new plants can grow in the bare
sand and build dunes again. These new dunes may form further
inland, away from the ocean. When the marsh is buried in sand by
an overwash event, different plants can grow in the new sand and
create a new swale habitat over an old marsh. Marshes may also form
on the lagoon side of the island after large overwash events. When
all these habitats change together, the entire island can move away
from the ocean, toward the mainland (Figure 2). This movement keeps
some of the barrier island above sea level [3]. When sea levels rise,
waves and storms increase and overwash occurs more often, causing
barrier islands to move faster. However, if a barrier island cannot
move and keep up with sea-level rise, it may shrink or sink beneath
the ocean.
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JETTY

Hard structure built out
from the beach and
into the ocean, meant
to capture and stabilize
sediment that moves
along the shoreline.

SHORELINE
HARDENING

Building hard structures
(such as seawalls and
jetties) along shorelines
to prevent or decrease
erosion. Hard
structures are often
built from concrete

or rock.

EROSION

The movement of sand,
dirt, or rocks from one
location to another by
water or wind.

BARRIER ISLANDS, CLIMATE CHANGE, AND HUMANS

Barrier islands are important for plants, animals, and humans on the
coast. Migrating shorebirds and sea turtles nest on barrier islands. The
isolation from the mainland helps these animals to protect their young.
Fish use the shallow lagoons behind barrier islands as nurseries where
their young can grow and hunt, protected from larger predators that
live in the open ocean.

For humans, there are many benefits to living near the ocean, and
large populations of people live along coastlines all over the world.
The ocean provides delicious seafood, waterways and harbors for
shipping and transportation, and opportunities for recreation on the
water and at the beach. Because of this, many barrier islands have been
developed with beach houses, boardwalks, and fishing piers.

A well-known example of barrier island development can be seen in
the Outer Banks of North Carolina in the United States. People have
constructed entire towns, neighborhoods, highways, and marinas on
these islands. On other developed barrier islands, humans frequently
build structures such as seawalls and jetties (solid walls that extend
perpendicular to the beach) that create a shoreline that is harder than
sand. This process is called shoreline hardening. Unfortunately, these
structures can cause problems for the natural barrier island movement
that we described. Sand moving down the beach in ocean currents
becomes trapped on one side of a jetty, leaving the other side without
a source of new sand (Figure 3).

When houses, roads, and other hard structures are built on barrier
islands, sand cannot move freely, and the island becomes fixed in
place. This leads to erosion and coastal flooding. To prevent erosion,
people build dunes made of sand that they get from the sea floor.
This sand is pumped onto the beach and used to build new dunes
that are planted with common dune plants. Unfortunately, without
natural island migration, dunes frequently erode and need to be
rebuilt every few years. This process is incredibly expensive and affects
animal communities along the sea floor by disturbing and destroying
their habitats.

Climate change affects all life on barrier islands. Changing temperatures
impact where and how well barrier island plants can grow. Plants, like
animals, need a certain habitat and environment. As Earth’s climate
changes and winter temperatures do not get as cold, plants that live in
warmer climates can spread into new, previously colder, places [4].
Warmer temperatures also make it harder for plants that are used
to cooler environments to thrive. Changing where plants naturally
grow affects how islands can move and alters available habitat for
animal communities. In many coastal areas (and in other environments
around the world), higher winter temperatures are increasing the
growth of shrubs. As shrubs grow, they push out other plant species,
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Figure 3

(A) Jetties constructed
on the beachfront in
Cape May, NJ. Sand
movement is
interrupted by these
structures, causing
sand to build up along
one side of the jetties.
(B) An undeveloped
beach on Hog Island,
VA. Sediment
movement can occur
naturally (satellite
images from the Esri
World Imagery
Basemap provided by:
Esri, Maxar, Earthstar
Geographics, and the
GIS User Community).
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like dune grasses. Shrubs also reduce the amount of sand that can
move across the island when overwash occurs. A lot of shrubs growing
in a coastal area can behave similarly to a row of houses on an island,
stabilizing the island and making it unable to adapt and move [5].

THE FUTURE OF BARRIER ISLANDS

Predicting how barrier islands will respond to the effects of climate
change, including warming temperatures, stronger storms, and faster
sea-level rise, is a priority for scientists. High rates of sea-level rise
make it hard for barrier islands to increase in elevation, putting them at
risk of ending up under water. This affects the unique animal and plant
communities on these islands, as well as the people that live on and
around the islands.
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Around the world, scientists and members of coastal communities
are working together to understand and adapt to these changes,
to protect cities, people, and threatened and endangered species
living on barrier islands. Scientists monitor changes on the ground
or from satellite images, and they use computer models to predict
how storms affect the way barrier islands move and respond to rising
sea level. Communities are beginning to understand the importance
and protection provided by the movement of barrier islands, and
in some places communities are even allowing barrier islands to
move naturally, rather than keeping them fixed in place. This natural
movement allows the islands to stay above sea-level, collect sand,
provide habitat for plants and animals, and protect the mainland from
storms. Understanding why and how these islands adapt to a changing
climate is important for preserving them for as long as possible. As we
learn more about barrier islands, we can protect them from climate
change and use them to protect ourselves.
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