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Introduction

R

ising seas is one effect of human-induced climate change that carries with it many consequences. Seas
are rising largely because the world’s oceans have absorbed more than 90 percent of the heat trapped
in the atmosphere by greenhouse gases, such as methane (CH4) and carbon dioxide (CO2). In fact, 2018
set a new record for ocean heating. If that becomes a trend, which is likely, scientists say even higher seasurface temperatures will accelerate sea-level rise.

Rising air temperatures cause our oceans to warm, and expand. When water is heated, the kinetic energy of that material
increases. Its atoms and molecules move about more. Each atom will take up more space due to its movement, so the
material will expand. That’s one of the main reasons why the seas are rising.

Rising sea levels, especially coupled with intense, heat-fueled tropical cyclones, increasingly jeopardize Florida’s
coastal habitats, fisheries, and tourism-dependent communities. The threats from sea level rise are exacerbated
by the ongoing degradation and loss of essential fish habitats such as coral reefs, nearshore reefs, natural sandy
beaches, and estuarine habitats such as seagrasses. This is because unhealthy or stressed habitats, and the
ecosystems they support, are less able to withstand events like tropical cyclones. And without healthy habitats,
the fish populations that depend on them, like bonefish, tarpon, permit, and snook, also become stressed.

Climate Change: How it Works
Greenhouse gases are called that because methane, CO2 and their partners in crime warm the atmosphere by
trapping heat which is reflected off the earth’s surface which has been warmed by the sun. Like a blanket, they
prevent heat from escaping the atmosphere into space. Heat remaining in the atmosphere causes a cycle of
releasing other greenhouse gases that were long trapped in ice and frozen ground, and are now reentering the
atmosphere, adding to the amount of greenhouse gases. This cycle is an example of a “feedback loop,” which
causes an increase in the “greenhouse effect.”
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You may have visited a greenhouse, where
farmers growing plants will pump CO2 into
the enclosed structures – which are
essentially enclosed atmospheres like the
Earth’s – so that the buildings are warmer
and the unnaturally high level of gas helps
plants grow faster. But what is
advantageous for growing plants in a
controlled setting is harmful to the
dynamics of planet Earth – especially to our
coasts and oceans.
How do these gases rise into the
atmosphere, heat the planet, and in turn
cause ocean levels to rise around the
planet? A few major ways that humans
are disrupting the earth’s climate include:
•

Source: US EPA. For a video explaining how the greenhouse effect works,
visit this link.

Burning fossil fuels, including coal and oil-based products such as gasoline. Coal is most often used to
fuel power plants, while oil-based products fuel power plants as well as automobiles and vessels with
internal combustion engines instead of batteries charged by renewable energy source devices.

Greenhouse gas pollution increases the greenhouse effect, causing the planet to warm, and seas to rise.

•

•

Some agricultural practices – such as turning over soil before planting, called “tilling” – can release
massive amounts of CO2 that was sequestered in the ground. Breaking up the land and the ground cover
before the farmer plants a crop for the season allows carbon to chemically react with oxygen to form –
guess what? – carbon dioxide.
Deforestation – the practice of clear-cutting vast areas of jungle and forest – releases the CO2 absorbed
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•

by the plants, and can expose the carbon in soils to oxygen, which turns it into CO2. Since the plants in
the forest take in CO2, the loss of plants means that less of the CO2 we are producing can be taken out of
the atmosphere.
As the planet warms, permafrost melts. Permafrost is ground located within or near the Polar circles that
is usually frozen year-round. The permafrost contains CO2 and CH4 that’s now being released, causing the
planet to warm even more quickly.

Reasons for Sea-Level Rise

As seas rise and hurricanes intensify, beaches move landward. Buildings, seawalls and policies that encourage building along
receding shorelines leave no room for beaches to maneuver. We’re losing our beaches, which support bonefish and permit.

•

Thermal expansion: When water heats up, it expands. About half of the sea-level rise over the past 25
years is attributable to warmer oceans simply occupying more space.

•

Melting glaciers: Large ice formations such as mountain glaciers naturally melt a bit each summer. In the
winter, snow – primarily from evaporated seawater – is generally sufficient to balance out the melting.
Recently, though, persistently higher temperatures as a result of global climate change have led to greaterthan-average summer melting as well as diminished snowfall due to later winters and earlier springs. That
creates an imbalance—more runoff and less snow—causing sea levels to rise.

•

Loss of ice sheets in Greenland and Antarctica: As with mountain glaciers, increased heat is causing the
massive ice sheets that cover Greenland and Antarctica to melt more quickly. Scientists also believe that
meltwater from above and seawater from below is seeping beneath Greenland’s ice sheets, effectively
lubricating ice streams and causing them to move more quickly into the sea. While melting in West
Antarctica has drawn considerable focus from scientists, especially with the 2017 break in the Larsen C ice
shelf, glaciers in East Antarctica are also showing signs of destabilizing. Please review, Vital Signs of the
Planet: Artic Sea Ice Minimum.
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History of Sea Level Rise
Because of greenhouse gas emissions, global average sea levels have swelled more than nine inches (23 cm) on
average since 1880. This is reported as an average because sea level is influenced by many factors that differ
among locations, such as plate tectonics, subsidence of the land, tidal effects, and ocean currents. Florida’s
coastal waters have risen by about eight inches since 1950 and are now rising at a rate of about one inch every
three years. Given Florida’s low elevation, and porous geology, the rate that the water is rushing into
groundwater sources and over landscapes is alarming.
What set these dramatic changes in motion? The beginning of rapidly accelerating rates of sea-level rise
coincides with the historical period known as the “Industrial Revolution.” Prior to that era, manufacturing
was often done in homes and small shops by hand. After the revolution, there was a significant increase in
the number of factories – and a shift toward the use of specially designed machinery and mass production
that depended on fossil fuels. Energy consumption increased, and burning copious amounts of coal—a fossil
fuel—provided most of that energy in the early years. The advent of the internal combustion engine in the
early 20th century also ignited a rush to discover and exploit the world’s oil resources.
Power plants, factories and automobiles – along with industrial farming practices – opened some of the
proverbial “chimneys” that continue to belch greenhouse gases into the earth’s atmosphere at dangerous
rates. Besides the aforementioned practice of tilling, industrial food systems are energy-intensive, and based
on farm machinery and crop transportation equipment that depend on fossil fuels. Meanwhile, synthetic
fertilizers and pesticides are increasingly likely to wind up in public waters, where we fish, due to more
intense rain events and sea-level rise from climate change.

Subsidence Sidebar:
Some places are sinking while the seas rise. Coastal Louisiana is an extreme example: the land is subsiding
because the creation of channels and levees on the Mississippi River has deprived the region of replenishing
sediments at the same time sea levels continue to rise. Essential fish habitats – including marsh grasses and
oysters – are being lost at a rate comparable to one football field per hour. Entire fishing communities are
suffering economic losses. Some communities even have to relocate away from the rising waters.
Florida, on the other hand, isn’t rising or falling significantly. Most of the state sits on a limestone rock
foundation—fossil reef—that hasn’t shifted significantly in elevation despite having been covered and
uncovered by ocean waters many times throughout the peninsula’s geologic history.
Nonetheless, Florida’s geology places the state at a major disadvantage in the face of rising seas. Florida’s
porous limestone foundation acts like a sponge, one that allows water to pass right through it. The limestone
and sand beneath our feet rule out many traditional engineering solutions. For example, armoring Florida’s
shorelines with seawalls and other manmade structures damages or destroys natural habitats such as
beaches and vegetated estuarine shorelines, while providing little protection against flooding. Seawater
flows right under seawalls through the porous ground, bubbling up wherever it can from below. Add a little
rain on top of a higher-than-average tide, and perhaps some storm surge, and the freshwater, which isn’t as
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dense as saltwater, just pools up on the surface.
In Miami-Dade County, for
example, the groundwater
levels in some places are not
high enough relative to the
rising sea level. This has
allowed saltwater to intrude
into the drinking water,
invade contaminated septic
systems, and compromise
sewer lines. This flooding
allows dangerous
contamination of drinking
water supplies and coastal
waters. As the saltwater
intrudes, the fresh groundwater, which is less dense,
Bay Batiste, Louisiana is an extreme example of coastal erosion. See the time-lapse here.
rises to levels that flood
septic systems, and causes human excrement to flow into the water table. Add rain, and the water rises even
higher, possibly to levels that cause flooding. Many storm drains and sewer lines are coupled, and flooding
overwhelms their capacities, causing direct discharges or spills from ruptures into neighborhoods and fish
habitats.

Small Numbers, Big Impacts: Measuring Sea-Level Rise
How do we know that sea levels are rising, how fast they are rising, and that greenhouse gas emissions are to
blame? For accuracy’s sake, scientists rely on multiple data sources including tide gauges, satellite
measurements, and fossil records.
1. Tide Gauges record sea level constantly. They show the trends that present local relative sea level (RSL) –
not the global sea level trend. The level of the ocean can also change because the underlying land is rising
or falling with respect to the ocean surface. Such relative sea level change usually affects a local or
regional area, and in numerous cases such as Louisiana, subsidence (or, conversely, uplifting) is actually
outpacing the rate of sea level change. Global sea-level rise is the mean or average of sea levels around
the world; however, like the earth, our oceans are not flat. Tide gauge measurements are made with
respect to a local fixed reference on land, and measurements are a combination of sea-level rise and the
local vertical land motion. Keep in mind that high and low tides happen one or two times apiece per day,
depending on where you are in Florida. Moon phases and about thirty other factors also influence tide
levels. Sea-level rise is measured as the average increase in water level above the normal fluctuations of
the tides.
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Tidal Gauge and Satellite.

How can gauges measure sea-level rise accurately while bobbing around on the water? Despite waves,
wind and currents, those gauges are designed to precisely measure water levels. A tide gauge is a large
(one foot/30 cm or more in diameter), long pipe with a small hole below the water line. This pipe is often
called a stilling well. Even though ocean waves are changing the water level outside the gauge constantly,
they have little effect inside the gauge. The sea level can be read relatively accurately inside this pipe. If
scientists read them on a regular basis over a time span of years and then average those levels, they can
arrive at an accurate trend reflecting local sea level.
With tide stations of the National Water Level Observation Network operating on all U.S. coastlines, the
Center for Operational Oceanographic Products and Services has been measuring sea level for more than
150 years. Center personnel compare and average these data to check for consistency, and to make sure
that outliers aren’t providing misleading conclusions. For example, a short-term local spike in sea surface
elevation—caused by a passing storm—could suggest extremely alarming rates of sea-level rise unless it is
averaged monthly across a long period of time.
2. Satellite altimeter radar measurements can be combined with precisely known spacecraft orbits to
measure sea level on a global basis with unprecedented accuracy. A series of satellite missions that
started with TOPEX/Poseidon (T/P) in 1992 and continued with Jason-1 (2001– 2013) and Jason-2 (2008–
present) estimate global mean sea level every 10 days with an uncertainty of only 3–4 mm.
Tide gauge data are used to validate ocean models and to detect errors and drifts in satellite altimetry.
Compared to satellite data, tide gauge data offer a longer record and finer temporal resolution but
coarser spatial resolution. Individual gauges in site-specific areas simply can’t provide as much geographic
“coverage” as satellite measurements.
3. Fossil records in sediments provide geologic evidence of rates of sea-level rise. One type of organism
called foraminifera, or “forams” for short, provide strikingly accurate illustrations of rates of sea-level
rise. Forams are single-celled amoebas called protists. Their Latin name means “hole borers” because the
organisms dig homes into the sediments of marshes and other water bodies.
Forams only live in narrow depth ranges (less than 10 cm in total vertical range) in the sediment, so fossil
assemblages can be sampled using sediment cores. As sea level rises, the vertical location of the 10 cm
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band of fossil organisms also corresponds to those changes. Cores are taken from tubes that geologists
use to bore—in this case vertically—into sediments to varying depths in order to understand the past
through layers of sediment and fossils. Because forams lived in narrow depth ranges in the sediments, the
fossil assemblages can be accurately related to sea-level rise.

Photo: Dr. Gavin Foster. Image of foraminifera through a microscope.

There’s strong agreement between data from the foraminifera-based sea-level curve and tide gauge
records – enough that the foram assemblages allow scientists to reconstruct rates of sea-level rise from
times before humans had any instruments to measure it. In fact, the fossils buried in coastal sediments
can give us an idea of sea levels before and after the Industrial Revolution, for the sake of comparison.
Both sources of data indicate an acceleration of sea-level rise that continues today. Tide gauge data,
satellite data, and foram data all show similar rates of sea-level rise that coincide with rising inputs of
greenhouse gases.
The science is clear: tide gauges, satellite telemetry and fossil records show that sea-level is rising in direct
proportion to increased CO2 levels.

Predicting Rates of Rise
Scientists are uncertain how fast the ocean will warm and how quickly the ice will melt. They expect water
levels to continue to rise faster, but are not sure just how fast. Scientists from the National Oceanic and
Atmospheric Administration (NOAA) use a global forecast, which offers six projection curves. You can look at
those projections here.
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Scientists project rates of rise using probabilistic models. Probabilistic models incorporate random
variables and probability distributions into the model of an event or phenomenon. While a deterministic
model gives a single possible outcome for an event, a probabilistic model takes into account the fact that
we can rarely know everything about a situation, especially with an issue with as many complex variables as
sea-level rise. There’s nearly always an element of randomness to take into account, so probabilistic models
provide a range of outcomes.

The rate at which the glaciers and ice sheets will melt is the big unknown in predicting sea-level rise rates.

Because of variables such as ice losses in the Arctic and Antarctic, models suggest estimates as high as eight
meters (26.4 feet) by the end of the 21st century, which means that planning for worst-case scenarios is wise.
In the shorter term, NOAA puts the low-end average for the Fort Myers area at 27 cm (10.7 inches) and the
high end at 88 cm (34.8 inches), by 2050.

“Drowning” Essential Fish Habitats
In places around Florida, and in many other parts of the world, sea levels are rising so quickly that essential fish
habitats such as coral and oyster reefs struggle to grow fast enough to keep apace. They must remain at depths
shallow enough to receive sunlight – or in the case of oysters and other bivalves, have access to the
photosynthetic micro-organisms called “phytoplankton” that provide them with nourishment. Plankton
primarily occurs in the upper few centimeters of the water column, and filter-feeding bivalves must be close
enough to the surface to capture them.
For example, scientists have documented drowning islands and reefs in the Ten Thousand Islands National
Wildlife Refuge, which is one of Florida’s most popular and frequently visited fishing destinations. Two
organisms formed the foundations of those islands: oysters (Crassostrea virginicus) and a reef-building snail
called a gastropod.
The Ten Thousand Islands as we know them, were only formed about 3,500 years ago by reef-building
gastropods including Vermetus (Thylaeodus) nigricans. Let’s call them snails for short. To put that in historical
perspective, the Egyptian Empire built the pyramids in the Middle East around then. And people began to write
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using Cuneiform “letters” instead of communicating only with pictures. In less than 200 years, human activities
have reversed many of the processes that created this international treasure. The speed of climate change’s
impacts to the Ten Thousand Islands speaks to the destructive powers of humans.

Most outer islands in Ten Thousands Island National Wildlife Refuge, such as Coon Island, pictured, are rapidly disappearing
because of the combined forces of sea-level rise and incredibly powerful hurricanes, like Hurricane Irma, which made landfall
in 2017.

The snails, which disappeared for unknown reasons, lived close together in a very confined niche between the
high-and low-water marks – a vertical distance of about one meter. As juveniles, they would graze about; as
adults they’d form corkscrew-shaped shells that overlapped – shell upon shell – to build massive, pie-plateshaped structures. The snails secreted a mucus on the substrate that trapped food for themselves and their
offspring. The mucus also emitted a chemical signal that allowed their young to find them, and settle amid
and atop their parents – over and over again.
While the submerged snail reefs offshore formed protective barriers from strong waves, the shallowest reefs
became the foundations of outer islands that support rich, diverse fauna and flora. Today, federal laws classify
those reefs as Essential Fish Habitat, which offers them some legal protection in addition to the rules and
regulations in the Ten Thousand Islands National Wildlife Refuge. The islands formed when winds and storms
piled sand on the reefs, providing enough sediment to support the roots of a succession of vegetation. Those
plants ranged from red mangroves on the water’s edge to buttonwood hammocks on the islands’ highest
elevations.
Once established, the vegetation essentially provided its own compost by dropping leaves that decayed into
organic soils, providing nutrients for further growth. The trees and shrubs also secured the sediment and helped
trap more sediments transported by wind and waves. Meanwhile, the pie-plate formation of the islands allowed
lagoons to form in the middle of many of them, providing a layer of potable fresh water on top of the saltwater
for mammals including the Calusa Indians. This layer of freshwater is called a freshwater lens.
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Sea level rise means that shallow water species must grow quickly in order to get enough sunlight.

Stable sea levels also allowed red mangroves, which trap sediment under their spidery prop roots, to expand
the islands by colonizing the waters surrounding them. Each of these islands became parts of ecosystems that
support the entire food web: insects and invertebrates such as mosquitoes and crabs; birds that feed on them
while roosting in the trees or fish swimming in the mangroves; and the apex predators such as bottlenose
dolphins and sharks that feed on the fish swarming around the shorelines. Because of the protection they
provide and the forage sources they support, red mangroves are one of the important essential fish habitats
found in Florida.
Sea-level rise reverses the geological and ecological progress of these ecosystems. The submerged reefs
offshore formed protective barriers from strong waves. But as they deepen, more water comes over the reef
during normal weather, and rushes in destructively during storm events. As a result, the outer islands are
eroding, and drowning, along with the habitats they support. These include trees such as red mangroves that
provide essential fish habitat, and other species such as black mangroves, white mangroves, and

Red mangrove prop roots trap sediment, grow shorelines seaward, and offer excellent protection against storm surge and
sea-level rise. They are also essential fish habitat.
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buttonwoods that provide important habitat for birds, crabs and insects.
Closer to the mainland, the islands are more linear because they formed atop oyster reefs. Oysters colonize
and build reefs at angles facing into currents to set themselves up to filter feed throughout the incoming and
outgoing tides. As sea level rises, the islands built upon fossil reefs are drowning, and the living oyster reefs
struggle to keep a high enough elevation to persist and provide their vital ecosystem goods and services.
Oysters filter water and provide shelter and ambush points for thousands of species while feeding many fish like
the black drum; birds like oystercatchers; and terrestrial animals such as raccoons. Without these oysters
serving as living water purifiers, and without the structure and food they provide other members of the
ecosystem, fisheries production will decline, and places such as the Ten Thousand Islands won’t draw as many
fishermen and other tourists as they once did. The ecological costs of sea-level rise in terms of losses of fish
habitats equate to economic losses for communities such as Everglades City, Chokoloskee, and Marco
Island/Naples.

Sewage and Runoff
In 1973, President Nixon signed into law the Clean Water Act – landmark legislation designed to protect people
and wildlife from point-source and nonpoint source pollution. The legal definition of the term “point-source” in
section 502(14) of the Clean Water Act is any discernible, confined and discrete conveyance, including but not
limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated
animal feeding operation, or vessel or other floating craft, from which pollutants are or may be discharged. This
term does not include agricultural stormwater discharges and return flows from irrigated agriculture. The term
“nonpoint source” refers to any source of water pollution that does not meet the legal definition of “pointsource”.
Hundreds of billions of dollars were spent on wastewater infrastructure improvements. In Florida, the results
were quick and positive: seagrass coverage in Sarasota and Tampa bays returned to World War II-era levels,
primarily because utilities quit dumping raw sewage into those waters, and treated it instead.

Sea-level rise and more extreme wet weather events flood septic tanks and overwhelm sewer systems. Harmful algal blooms,
like the cyanobacteria pictured, thrive off nutrients from human excrement, which also release diseases into waterways.
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Unfortunately, the majority of Florida’s wastewater treatment systems are now inadequate, ailing, or failing in
the face of sea-level rise and more extreme wet weather events such as rainier hurricanes. In some cases,
population growth has exceeded treatment plant capacities. Lateral lines–the pipes that connect our homes
and businesses to sewer mains—have rusted, cracked or decayed, depending upon what they’re made of.
Meanwhile, sewer mains and lift stations become overwhelmed during flood events caused by higher-thannormal tides and rainfall, causing raw sewage to spill into gutters that carry the pollution and contamination
into nearshore waters.
The latter issue is becoming an increasing problem as sea levels rise and climate change causes wet weather
events to become more extreme. Meanwhile, as the water table rises, it floods out septic tanks, which trap
solids but allow fluids from human excrement to flow freely through the state’s porous geology into surface
waters.
Raw or partially treated sewage is one of the most harmful sources of pollution in terms of impacts on
marine life. It provides a concentration of phosphorus and nitrogen that is “superfood” for about 24 species
of planktonic organisms – including the infamous red tide (Karenia brevis) and the blue-green Cyanobacteria
that periodically appears on Lake Okeechobee and blooms dramatically in coastal estuaries where it
encounters nutrient pollution from septic tanks and other sources of inadequately treated sewage.
Additionally, flooding related to sea-level rise carries a myriad of other pollutants into surface waters –
including synthetic fertilizers used in agriculture, animal wastes, and petrochemicals. Point-source or
nonpoint-source, all of those pollutants create water quality issues that threaten essential fish habitats such
as reefs, seagrasses and bivalves that are responsible for fisheries production.

Policy and Engineering Responses: High Costs and Big
Risks

If we are to protect our most valuable fisheries, for example, the tarpon pictured, coastal management policies must change.
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By and large, elected officials have ignored the growing threats of sea-level rise and more intense hurricanes,
or enacted or defended short-sighted policies in response to those gathering threats.
The Federal Emergency Management Agency’s National Flood Insurance Program is one of the most notorious
and contentious of taxpayer-subsidized government programs. It provides incentives for people to live in harm’s
way. For example, flood-zone residents and business owners know that the federal government will bail them
out after a disaster. They can rebuild in exactly the same place, in the same way, with the money from the
insurance payouts. Additionally, the insurance policies encourage flood-plain property owners to “mitigate”
flood risk, which could involve armoring a shoreline or draining polluted stormwater quickly into nearby water
bodies.

Tarpon are one of many species being impacted by loss of mangrove habitats.

Florida’s 1995 Bert J. Harris Jr. Private Property Rights Protection Act also creates problems for public trust
resources including ecosystems and the fisheries they support.
For example, a property owner may want to build a house that relies on a septic tank next to a creek that is
essential habitat for juvenile tarpon. But the water table will rise with even a modest rise in sea level, and/or in
the event of a strong, wet storm. This sends untreated human excrement flowing into the nursery. If a
regulating jurisdiction or agency told the property owner that he/she must not build there, the property owner
could file a lawsuit demanding monetary reparations by arguing that the government impacted her/his property
value.
While less than ten percent of Bert Harris claims are successful, just the threat of Bert Harris Act litigation
usually causes elected officials to avoid denying building permits, or restricting other activities, even when
those uses of the property will impact the value of a public trust resource—in this example the state-owned
waters where the baby tarpon spend their earliest and most vulnerable days. The costs associated with hiring
experts in this legal field are so high that government entities often cave into the property owner.
Real estate development interests have often succeeded in forcing a political narrative of climate change
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denial, which results in policies that continue to encourage people to build and live in dangerously flood-prone
areas. Also, when flooding occurs due to an extremely high tide and/or storm event such as a hurricane,
emergency permits for shoreline armoring or other “shore-protection” projects are often issued without much
consideration for environmental impacts. In fact, emergency declarations can essentially waive a citizen’s right
to oppose the project in a court of law. While some engineering responses are needed in light of sea-level
rise—such as water treatment upgrades including septic-to-sewer conversions and stormwater retrofits—
others, such as coastal armoring projects and massive dredge-and-fill projects, are usually unnecessary –
especially when we consider the costs assumed by fisheries and the ecosystems that support them.

Case Study Sidebar
If you’re interested in becoming a lawyer or a policy expert to protect fish and wildlife, the arena of law and
policy related to public trust resources and sea-level rise provides exciting new intellectual and political
challenges. Indeed, it is a blossoming arena of legal research and litigation, one where the cutting edges of
science, policy, and law meet. Early case law decisions – a set of past rulings by tribunals to be cited as
precedent – are now being set. A precedent provides judges with guidance on future, related legal questions.

Climate change has caused hurricanes to intensify in terms of wind speeds, storm surge, and rainfall. Sea-level rise only adds
to the flooding and pollution.

One of the early precedents, the famous Jordan vs. St. Johns County, known as the “Castles in the Sand” case,
involved a beachfront road that provided a handful of property owners with access to their properties. Road
building by the state had encouraged more development on a spit of sand between the Atlantic Ocean and a
local river. The “new” road continuously washed out, and St. Johns County decided it was neither possible nor
affordable to continue to maintain it. The property owners sued, arguing that failing to maintain the road
constituted taking of their properties. One judge ruled, importantly that a taking must be “affirmative in
action.” In other words, the fact that the road fell into the ocean was a fault of the waves – not of the county’s
willful intent to damage property values.
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Armoring
Seawalls, bulkheads, and other manmade hard structures are usually built near the water’s edge along barrier
island beaches and shorelines of lakes, rivers and estuaries. Developers, builders and engineers often replace
natural features such as vegetated sand dunes, mangroves, and marsh grasses with such structures, destroying
habitats that provide far superior ecosystem benefits of fisheries production and storm and flood protection.

Seawalls destroy beaches by reflecting waves that scour out the beach, causing it to lose elevation, width and ecological
functions.

—Sand dunes, which provide essential habitats for animals such as ghost crabs and sea turtles, absorb waves
during storm events the way a punching bag responds to a fist: the sand moved by the energy is just
redistributed left, right, and to the rear. Vegetation such as dune grasses, railroad vines, and sea grapes helps
hold sediment in place.
—Red mangroves are sometimes called “walking trees” because their roots run out into the water, trapping
sediment beneath them, and holding the shoreline in place. They provide an effective first line of defense
against sea-level rise and storm surge. Black and white mangroves also offer protection shoreward of red
mangroves.
—Marsh grasses, such as Spartina sp., also hold sediments in place and slow the advance of rising waters,
especially during storm surges which are magnified by sea-level rise.
On the other hand, coastal armoring replaces all of those natural functions with rigid barriers that accelerate
erosion and increase turbidity. When waves from storms and boat wakes smash into seawalls and other hard
structures, the waves are reflected back into open water or along the shoreline without absorbing any energy
or allowing sediments to pile up in helpful places. In fact, these hard structures accelerate erosion. The
“backwash” waves scour out shorelines in front of the structures. And the waves rush back out into open water,
churning up the sediments they dragged out there, leaving sand and silt in long periods of suspension that
reduces the amount of light that can reach seagrasses and other organisms that need direct sun rays.
16

Eventually, after costing a stretch of natural shoreline or beach most of its natural functions, seawalls and
other hard structures, eventually fail. Lacking any “give,” powerful waves can collapse them, or scour under
the structures, allowing water to rush beneath them and into the property they’re supposed to protect.
Regardless of their short-term efficacy in terms of protecting property and infrastructure, sea levels rises
ineluctably through the porous subterranean sand and limestone.

Dredging Policy
Most “beach nourishment” or “re-nourishment” projects involve a powerful dredge stripping the seafloor of
sediment which is then pumped to the shore through large pipes and bulldozed into nearshore waters and on
the beach. The idea is to artificially elevate and broaden the beach primarily for shore-protection purposes,
which means the protection of public and private property.

Massive dredge-and-fill projects disguised as “beach nourishment” kill food sources for bonefish and permit that live in the
sand, damage reefs, and cause chronic turbidity. Source: World Wide Metric.

The impacts to benthic (bottom-dwelling) organisms are immediately lethal, and scientists do not fully
understand how long it takes for sediment-dwelling organisms such as worms, crabs and sand dollars to
recover and to what extent – if at all. Dredges often kill sea turtles, and if the dredging activity takes place
too close to a reef, then turbidity can impact corals and other important reef-building and reef-dwelling
organisms.
Additionally, the act of bulldozing the sediment in and near the beach routinely buries a very important type of
reef habitat called “nearshore hardbottom,” or NHB. The projects initially smother beach-dwelling
invertebrates – coquina clams, worms, and mole crabs, a.k.a. “sand fleas” – which are important forage
sources for bonefish, permit, and many other surf-zone species. Recovery times for those organisms depend
on latitude, temperature, and – most importantly – the compatibility of the dredge spoil to natural beach
sands. Many critics complain that the state’s sand compatibility rules aren’t strict enough to prevent rapid
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erosion and chronic turbidity, nor do they address impacts to beach-dwelling invertebrates, nesting
shorebirds, and nesting sea turtles.

Fisheries Impacts

A rare and important type of reef, nearshore hardbottom, attract many fish species, including forage fish and the prized snook,
the big fish shown in the foreground here.

Though difficult to estimate, scientists have documented negative dredging impacts to species such as permit
and bonefish that spend parts of their lives in the surf zone. These include:
—Trophic impacts, or “food web” impacts, play a role in the types and amounts of forage available in an
ecosystem. Dredge-and-fill projects can limit the availability of forage for juvenile bonefish and permit,
which include worms and tiny crustaceans called amphipods and isopods. They can also limit the availability
of forage species like coquina clams and mole crabs for adult surf zone fishes.
—Because of sediment incompatibility issues, water clarity often suffers persistently near dredge-and-fill
sites. Turbidity can limit the abilities of predator fishes to forage, especially when they are young.
—Habitat loss, especially the burial of nearshore hardbottom, deprives juvenile fishes of cover and forage,
including diverse species of worms and crustaceans.
Many leading geologists contend that the only way to preserve natural beaches is to let the rising seas take
their course, and let the beaches respond as they have in the past. That will inevitably require a plan for
strategic relocation of buildings and infrastructure through a combination of tactics including buyouts, land
swaps, and land condemnations. As of now, federal insurance policies, laws designed to protect private
property rights, and an over-reliance on costly coastal engineering practices, all stand in the way.
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Habitat Restoration Sidebar
Well-designed habitat restoration projects can improve ecosystem productivity and provide flood protection in
cost-effective ways. For example, Everglades Restoration Projects may help stem the tide of sea-level rise, while
promoting better fishing and nature-based tourism activities. Living shorelines, where organisms such as marsh
grasses, mangroves, and oysters can be constructed to block waves and storm surge while creating new natural
areas that support fish and wildlife.
Laws and policies don’t improve unless determined citizens convince elected officials that they must. To make
a difference, you can call or write your elected officials and deliver the following messages:
—Greenhouse gas emissions continue to increase dramatically, which compounds the severity of the sealevel rise threats significantly. Please put a price on greenhouse gas emissions in a system that dramatically
reduces emissions.
—State and federal laws and policies must be changed to give us the flexibility to adapt to sea-level rise. In
particular, Congress needs to remove incentives for floodplain development offered by federal flood insurance.
Florida needs to do a better job of balancing property rights with the public interest, in terms of protecting our
natural resources.
—We aren’t going to engineer our way out of sea-level rise and intensifying hurricanes. Instead of permitting
and funding armoring and dredging projects, we should use the funds to leverage buyouts and legitimate
habitat restoration projects with real flood-protection benefits.

Links and Resources from this reading:
Videos:
The greenhouse effect: https://www.youtube.com/watch?v=VYMjSule0Bw
Coastal erosion time-lapse: https://www.youtube.com/watch?v=bEumDAFWnqw

Articles:
Arctic sea ice minimum: https://climate.nasa.gov/vital-signs/arctic-sea-ice/
Predicting sea level rise: https://sealevelrise.org/forecast/
Ten thousand Islands: https://www.fws.gov/refuge/ten_thousand_islands/
FEMA’s National Flood Insurance Program: https://www.nwf.org/Our-Work/Habitats/Floodplains
Castles in the Sand: https://www.flseagrant.org/wp-content/uploads/Castles-and-Roads-In-theSand_2018_48_ELR_10914.pdf
Everglades restoration: https://www.noworneverglades.com/about-us/
Florida living shorelines: http://floridalivingshorelines.com/
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Highlighted Vocabulary from student reading:
Assemblages:
Sub subsets ecological communities that occur together. For example, the collection of reef fishes of multiple species that occurs on a
coral reef is called a reef fish assemblage.

Case law:
The collection of previous legal decisions focusing on an issue, which are cited as precedents in dealing with current legal cases about
that issue.

Colonization:
The occupation of a new area, habitat, or territory by a species or an individual.

Fauna:
The collective name for all animal life of a certain region or time.

Feedback loop:
A process in which actions or the result of actions cause responses which reinforce, hinder, or modifies the system in which the
actions occurred.

Flora:
The collective name for all plant life of a certain region or time.

Fossil records:
The history of life as documented by fossils, which are the remains or imprints of organisms from earlier geological periods preserved
in sedimentary rock.

Greenhouse gases:
Gases that absorb infrared radiation, trapping heat in earth’s atmosphere

Groundwater sources:
The water found underground in the cracks and spaces in soil, sand and rock. Groundwater originates from rain and melting snow and ice,
and as it moves through porous soil and rocks, it fills aquifers.

Industrial Revolution:

The Industrial Revolution was the transition from an agrarian and rural society to a more urban society based on manufacturing
using fossil fuels to fuel new industry. This is generally considered to be the time period from 1760 to 1840. The Industrial
Revolution also led to an unprecedented rise in the rate of population growth.

Internal combustion engine:

An engine the generates power by burning fuel with air (oxygen) in a chamber, which produces hot gases that move a piston or other
component as the gas expands.

Precedent:

A judicial decision that serves as an authority for deciding a later case.

Probability distributions:
A statistical function that estimates the possible outcomes of an occurrence
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Phytoplankton:
Photosynthetic microscopic organisms that live in freshwater and saltwater, and drift with water currents.

Random variables:
A function that maps the outcomes of an unpredictable process to numerical quantities, typically real numbers. It is a variable
(specifically a dependent variable), in the sense that it depends on the outcome of an underlying process providing the input to this
function. It is random in the sense that the underlying process is assumed to be random.

Sediment cores:
A sample of the many layers of sediment below the surface, collected by a long, narrow metal (generally aluminum) tube.

Spatial resolution:
A measure of the finest detail that can be resolved from an image or sensor used to assess a surface.

Stilling well:
A compartment within a larger body of water connected, through multiple small inlets to the larger body of water, designed to
dampen (still) waves and turbulence.

Subsidence:
The sinking of the ground or surface
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Sea Level Rise - Tic Tac Toe Choice Board
Instructions: Using the board below please choose two additional activities to complete. ALL STUDENTS
must complete box 5.
1 Experiment.
In the lab, students fill containers
of water to a certain level, and
measure the water temperature.
They place the water on a burner. As
the water heats, the students take the
temperature and measure how much
higher the water stands in the vessel
every two minutes. Teachers explain
the atomic dynamics of thermal
expansion as the water and
water temperatures rise. Students then
add measured amounts of ice to the
vessel, melt them while increasing the
heat, and determine rates of additional
rise in the vessel.

2 Write
Using the referenced journal article
about the “Castles in the Sand” case,
students identify the implications of one
to three of these rulings for future
coastal management. Students write
short essays about one, two, or three
rulings.

3 Research and Write
Students visit or research a
greenhouse, learn how one works, and
write a short essay comparing a
greenhouse to the earth’s atmosphere.
Essays must include at least three
vocabulary words provided in this
lesson.

4 Create
Students create an infographic for the
general public about the causes and
effects of SLR. This should include a
“hook” title, should briefly describe one
or two causes of SLR (there are many
causes, but keep it simple!) in simple
terms, and focus on ONE major effect of
SLR. The infographic should also include
a “call to action” that tells the audience
what THEY can do to help.

5 Create and Experiment

6 Research and Write
Students research and write fiveparagraph essays that explore how sealevel rise and two other stressors
discussed in this lesson work together to
damage essential fish habitats.

7 Report
Students visit a site with essential fish
habitat including seagrass, mangroves,
and nearshore reefs, and then visit a sea
wall or other hard structure. They then
team up to create a short public outreach
presentation on the relative benefits they
observed as provided by natural
resources vs. manmade structures. This
may be in the form of a video or in-class
presentation, but should include one
recommendation of how the public can
help.

8 Write Letters
Students write letters to their members
of Congress articulating their concerns
about sea-level rise and other climaterelated stressors.

Students in groups build a beach with
sand in a paint pan or plastic tub, leaving
a few inches for the “beach” to migrate
backwards. Fill the pan with water so that
it overlaps the beach. Create waves using
a fan or other instrument, and observe
how the beach behaves. Next, rebuild the
beach in its original position. Then, using
blocks or any hard material, build a
“seawall” on the beach face.
Turn the fan back on and report on the
differences in how the beach responded.
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9 Create
Create a visualization of the impacts of
SRL on a geographic location of your
choice. This may be a map in GIS, an
image created with an editing software,
a drawing, a piece of art, or anything
else you can think of that someone can
look at to see the effects of SLR on a
community.

Sea Level Rise

Where will the water go?

Grade Level: 9th – 12th

Project Activity Assessment

Lesson Summary:

SC.912.L.17.4 – Describe changes in
ecosystems resulting from seasonal variations,
climate change and succession.

Student choice is an excellent way to help your students dive
deeper into complex issues such as sea level rise. Giving
students the ability to choose their learning path allows for
greater buy-in on their part as well as improved final product
quality. This Tic Tac Toe activity is developed in a way that
learners of various types of abilities and interests have the
opportunity to choose what activities they will complete. There
are activities that require additional research; some require
creative ability while others only require the student to use the
information presented in a video or reading. Students drive
their own, personal learning experience in learning menus. If
done digitally, this format also allows for the creation of a
Google folder on sea level rise for a digital gallery walk of
student work. This would allow students to see each other’s
responses and learning related to the topic.

SC.912.L.17.12 – Discuss the political, social,
and environmental consequences of
sustainable use of land.

Procedure:

Climate change has a multitude of effects, one
being the increase in sea level. This lesson
explains why sea levels are rising, explains the
impacts on coastal communities, and explores
some of the laws that could be making the
situation worse. Students perform three tasks
related to the topic through a “Tic Tac Toe
Choice Board.”

Standards:

SC.912.L.17.14 – Assess the need for adequate
waste management strategies.
SC.912.L.17.16 – Discuss the large-scale
environmental impacts resulting from human
activity, including waste spills, runoff,
greenhouse gases, ozone depletion, and
surface and groundwater pollution.
LAFS.1112.WHST.3.8 – Gather relevant
information from multiple authoritative print
and digital sources, using advanced searches
effectively; assess the strengths and limitations
of each source in terms of the specific task,
purpose, and audience; integrate information
into the text.
LAFS.1112.WHST.3.9 – Draw evidence from
informational texts to support analysis,
reflection, and research.

• Students should read the “Sea Level Rise” document prior to
class, taking notes and referring to the vocabulary listed at
the bottom of the reading.
• Refer to the “Tic Tac Toe” choice board, and explain that
each student must complete 2 boxes in addition to box 5. By
all students participating in box 5, you have the ability to
start here, come back together for a class discussion before
moving on or coming together after assignment completion
for the discussion.
• Below you will find a brief overview of each block, the
purpose of the task as well as additional extension activities
if you choose to add them.

Sea Level Rise Lesson Instructions:
Box

Purpose of the task

Extension activities

1 Experiment.
In the lab, students fill containers of
water to a certain level, and
measure the water temperature.
They place the water on a burner. As
the water heats, the students take the
temperature and measure how much
higher the water stands in the vessel
every two minutes. Teachers explain
the atomic dynamics of thermal
expansion as the water and water
temperatures rise. Students then add
measured amounts of ice to the vessel,
melt them while increasing the heat,
and determine rates of additional rise in
the vessel.

This activity demonstrates the idea of
thermal expansion, and also
demonstrates what happens when ice is
present, such as in Arctic ecosystems.
This also reinforces the importance of
temperature in any system- warmer
temperatures make ions move faster,
and colder temperatures slow ions
down.

You could make this into a more formal
scientific experiment by having students write
up their hypothesis about what they expected
to see and why; describe their experimental
set up and protocols; and incorporate controls
(non-heated water).

2 Write
Using the referenced journal article
about the “Castles in the Sand” case,
students identify the implications of one
to three of these rulings for future
coastal management. Students write
short essays about one, two, or three
rulings.

This activity allows students to dive
deeper into the laws behind
environmental protections, using
“Castles in the Sand” as a case study.
This may be well suited to students
that are more comfortable working by
themselves or prefer to read and write,
and students who are interested in
law.

You may have students work in groups,
and have each group present to the class
about one of the rulings. Ideally,
students would be divided into three
groups, where each group would present
about one of the three rulings.

3 Research and Write

This activity allows students to learn
about the greenhouse effect and how it
works through individual investigation.
This activity is ideal for students
struggling to understand this concept, as
the greenhouse effect is an important
part of sea level rise and climate change
as a whole.

Students may create a model
greenhouse to see the greenhouse effect
for themselves. To do this, they can cut
the tops off of two 2L soda bottles, put
soil and a thermometer in each, and
leave one soda bottle uncovered while
covering the other soda bottle with
plastic wrap and securing it with a
rubber band. Alternatively – let the
student get creative and make their own
model!

Students visit or research a greenhouse,
learn how one works, and write a short
essay comparing a greenhouse to the
earth’s atmosphere. Essays must include
at least three vocabulary words provided
in this lesson.

Materials necessary: Glassware, Bunsen
burner, thermometer, water, ice, tool
for measuring

4 Create

This activity is well suited to creative
students interested in public outreach,
Students create an infographic for the
education, and marketing. This is a fun
general public about the causes and
way for students to learn about SLR in
effects of SLR. This should include a
“hook” title, should briefly describe one or more depth, and also become familiar
two causes of SLR (there are many causes, with tools such as PowerPoint.
but keep it simple!) in simple terms, and Infographics such as this can be made
easily as a single slide in PowerPoint,
focus on ONE major effect of SLR. The
infographic should also include a “call to
and it is recommended that the students
action” that tells the audience what THEY look at other infographics to get an idea
can do to help.
of what theirs might look like.

This can be expanded into a “lightning
talk,” where students have 3-5 minutes
to explain their infographic to the class.
Their talk should explain why SLR occurs,
how it affects their chosen system, and
what the public can do to help.
Questions by the audience are
encouraged!

5 Create and Experiment

This is a fun way to see how coastal
erosion works, and help them
Students in groups build a beach with
sand in a paint pan or plastic tub, leaving a understand that erosion is natural. The
unnatural structures will provide a great
few inches for the “beach” to migrate
backwards. Fill the pan with water so that visual of how humans interfere with
it overlaps the beach. Create waves using nature, and the consequences of wellintentioned actions when it comes to
a fan or other instrument, and observe
how the beach behaves. Next, rebuild the our environment.
beach in its original position. Then, using
blocks or any hard material, build a
Materials necessary: Water-tight
“seawall” on the beach face.
container, sand, water, fan, hard
Turn the fan back on and report on the
materials to simulate seawall.
differences in how the beach responded.

Students can glue toothpicks to the
bottom of the pan around the area
where the “beach” is, or further up on
land. These will represent mangroves
and other rooting plants. They can
create different sections of beach where
mangroves are very abundant and where
mangroves are sparse or absent.
Students should explain (orally or in a
short essay) how mangroves prevent
erosion based on what they observed.

6 Research and Write

The student could take the information
researched and create a short news
story, blog post or other written product
which could be shared in a school
newspaper, a class newsletter or similar
outlet.

Students research and write fiveparagraph essays that explore how sealevel rise and two other stressors
discussed in this lesson work together to
damage essential fish habitats.

This item is ideal for students who
prefer to work by themselves, and still
provides a great opportunity to learn
more about the topic.

7 Investigate

This item is geared towards students
with an interest in relationship building,
Students visit a site with essential fish
public speaking or conservation. This is
habitat including seagrass, mangroves,
an opportunity to see the effects of
and nearshore reefs, and then visit a sea
coastal development firsthand, and
wall or other hard structure. They then
team up to create a short public outreach build a direct connection between the
presentation on the relative benefits they lesson and the students’ own
observed as provided by natural resources community.
vs. manmade structures. This may be in
the form of a video or in-class
presentation, but should include 1
suggestion of how the public can help.

This task may be expanded into a mini
campaign that includes fliers, a video
posted on YouTube or the school
website, or other public outreach
activities that involve sharing
information from the lesson in a creative
form to people other than classmates.
This is recommended as a group project.

8 Write Letters

Students can research ways to get
involved with local government, and in
groups or as a class field trip attend a
public event. This is an excellent way to
encourage students to get to know their
community and their local politicians, as
well as understand local legislature
relating to climate change and SLR.

This is an opportunity for students to
Students write letters to their members of participate in making change in their
Congress articulating their concerns about community. Students must gain a firm
understanding of the topic and write a
sea-level rise and other climate-related
well-crafted letter to convince the
stressors.
Congress member to support their
cause. More information, contact
information for government officials,
and a recommended outline can be
found here:
https://citizensclimatelobby.org/writecongress-about-climate-change/#/7/

9 Create
Create a visualization of the impacts of
SRL on a geographic location of your
choice. This may be a map in GIS, an
image created with an editing software, a
drawing, a piece of art, or anything else
you can think of that someone can look at
to see the effects of SLR on a community.

This task is specific to a student who
enjoys being creative, and is very openended. This gives the student an
opportunity to use a tool they enjoy to
teach others about this lesson.

Combine with topics from other lesson
plans and have students participate in an
art show for parents and friends to
attend. Topics could include climate
change as a whole or anthropogenic
effects on the earth.

Project Activity Rubric
AREA

1
Does Not Meet
Expectations

2
Partially Meets
Expectations

3
Meets
Expectations

4
Exceeds
Expectations

Science Content

NONE. Student
does not exhibit or
express the
concepts of SLR
with clear and
defined examples.

SOME. Student
exhibits a basic
understanding of
SLR but does not
convey its
problems.

MOST. Student
grasps the
concepts SLR but
lacks mastery of
the subject.

ALL. Student
grasps the
principles of SLR.
Student can draw
comparisons.

Use of Scientific
Vocabulary

NONE. Student
does not use any
introduced concept
or use scientific
vocabulary to
form thoughts and
narrative.

SOME. Student
attempts to use
scientific jargon,
but fails to use
it properly or in
context. Shows
some mastery of
science language,
but fails to use
effectively.

MOST. Student
uses significant
scientific jargon,
but fails to identify
all principles
and concepts.
Student exhibits
some mastery of
scientific concepts
and vocabulary.

ALL. Student
effectively
communicates
using scientific
jargon and
vocabulary to
convey narrative.
Student has
achieved mastery
of vocabulary and
concepts.

Project
completeness

Project was missing
more than one major
component OR
prompts were not
answered.

Project was missing
one major component
OR prompts were not
fully answered.

Project contained all
components but they
were not as complete
as they should have
been, OR answers to
prompts were missing
a few key details.

Project or answer to
prompt was fully
completed, and all
important
information was
present.

Conventions

Spelling,
capitalization, and
punctuation issues
are significant and
distract from clear
communication and
narrative.

Spelling,
capitalization, and
punctuation errors
are present and
distract from the
story’s narrative.

Few spelling,
capitalization, and
punctuation errors.

No spelling,
capitalization, or
punctuation errors.

