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FROM THE EXECUTIVE DIRECTOR

Groundwork for Grand Challenges

Autumn flew past. Now come the holidays, which arrive more
quickly every year.

It is also elementary science experiment season for 2nd and 4th
graders. I have fond memories of my own requisite volcanoes, bug
collections, and plant dissections. I'm not as sure how my parents recall
those weeks of brainstorming with a final few days to execute and deliver
a poster board. Although, I've got a pretty good idea now. Perhaps, it was
not as rosy for them throughout the process. On the upside, 'm learning a
lot about rabies (and also pumpkin decomposition after Halloween) in the
company of family. That’s something to be thankful for!

Paths to accessing and enjoying science — and seeing applications in
one’s own life — take many forms, come along at different times, and use
varied avenues. North Carolina Sea Grant continues to engage students,
faculty, and communities through science, technology, engineering, and
mathematics (STEM) research and educational opportunities. Now we are
expanding to a STEAM focus, as we strive to provide engaging efforts to
integrate the arts into our programming.

In 2020, our Sea Grant program and the N.C. Water Resources
Research Institute are among the cosponsors of Water/Ways, in
partnership with the North Carolina Humanities Council. This
Smithsonian touring exhibit dives into water — as a key component of
life on our planet, environmentally, culturally, and historically.

Water/Ways clearly adds the A in STEAM. The series is part of the
Humanities Council’s “Museums on Main Street” program that offered
small-town museums, libraries, and cultural organizations a chance to
catalyze community conversations about water’s impact on American
culture. The exhibit explores water as an essential natural resource that
allows us to travel, determines where we live, controls what we eat and
drink, and inspires culture.

Six host sites, from the mountains to the coast, will showcase the
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North Carolina’s diverse coast and inland terrain offer countless interesting subjects.
The story settings in this issue include Guilford County, Croatan Sound,
and the Cape Fear River, as well as much of the North Carolina coast.

exhibit in their respective communities, and will add local information
and programming to highlight the topic. The tour begins in Burnsville in
May 2020, then travels through 2021 with stops in Franklin, Wake Forest,
Washington, Wrightsville Beach, and Graham.

I'encourage you to attend one of these events, and bring your family
and friends. Early and consistent access to and enjoyment of science, and
seeing its local applications, is a critical factor for future engagement.
Those early steps build an understanding of how, collectively, we can
address grand challenges facing us here in North Carolina and elsewhere.

You'll learn about a few of these current challenges in this issue.
Communities are coming together to address repetitive storm-flooding
impacts. Teams are working towards improving water quality conditions.
Partners, including Sea Grant specialists, are enhancing aquaculture
and fisheries economies here in North Carolina. Engaging science and
culinary arts, our Sea Grant partner and New Bern native Ricky Moore
shares his cultural culinary expertise, inviting those new to cooking
seafood to join him in a new adventure.

Additional challenges and potential solutions were highlighted at
our N.C. Coastal Conference in Wilmington in November. We were
grateful to engage and learn from the nearly 200 attendees. I was
especially pleased to see so many students and young professionals join
us, and I look forward to learning how their opportunities to network and
to present their own research will open new doors for their careers.

Strengthening science literacy requires work on many levels to
encourage folks to interact with and see science impacts as relevant to our
communities and our lives. I'll keep you posted on our family’s science
fair projects. I also welcome you to share your thoughts with me at
snwhite3@ncsu.edu. Tell us how North Carolina Sea Grant can continue
to expand our STEM and STEAM efforts.

— Susan White, Executive Director, North Carolina Sea Grant
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RESEARCH TO Focus
ON ALGAE TOXINS

Haley Plaas, a doctoral student in environmental science and
engineering at the University of North Carolina at Chapel Hill,
will conduct new research on algal blooms as the recipient of
the 2020 joint fellowship from North Carolina Sea Grant and
the Albemarle-Pamlico National Estuary Partnership (APNEP).
The fellowship, now in its fifth year, supports graduate students
atinstitutions in North Carolina who conduct applied research

within the state’s portion of the APNEP region.

John Fear, deputy director of North Carolina Sea Grant
and the state’s Water Resources Research Institute, says Plass

N G S

will explore multiple issues related to cyanobacteria toxins in the  Haley Plaas, the recipient of the 2020

Chowan River and Albemarle Sound.

Jjoint fellowship from North Carolina

“This is a very timely project, as the water quality issues in Sea Grant and the Albemarle-Pamlico
this region are re-emerging after decades of calm,” says Fear. “This  National Estuary Partnership
work will help us understand how the algae toxins in the water
respond to nutrient inputs and are translated into airborne molecules.”

Wind currents can transport airborne toxins inland from the waterfront, Fear explains. “This
work also can be rapidly utilized by the state’s working group on nutrient criteria, which is now

focusing on the Albemarle Sound area.”

Bill Crowell, director of APNEP, says harmful algal blooms are a water quality and
environmental health concern in the Chowan River-Albemarle Sound region.

“Ms. Plaas’ research will increase our understanding of the threat that cyanotoxins produced
by these blooms pose to human communities,” Crowell says.

Plaas will announce and explain her findings through educational videos and a short film.

Fellowships and funding opportunities: ncseagrant.ncsu.edu/funding-opps/

— Katelyn Vause & Dave Shaw

SCIENTISTS AND COMMUNITIES
MEET ABOUT ALGAL BLooMs

Scientists and community leaders discussed
harmful algal blooms in northeastern North
Carolina during an information session that
North Carolina Sea Grant led earlier this year
in Edenton. State officials had issued multiple
warnings over the summer for residents and
visitors to avoid contact with algae on waters
in the region.

Held at the College of the Albemarle,
the session included presentations and input
from partners at universities and community
organizations, as well as federal, state and
local agencies.

“Over 80 people attended, from many
different sectors, including farming and the
U.S. Coast Guard, with some traveling from
as far away as Southern Shores and Wake
County,” says Gloria Putnam, coastal resources
and communities specialist at North Carolina
Sea Grant. “It was clear from the questions and
comments there is a strong interest to learn
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and engage on this regionally importantissue.”

With Community Collaborative Research
Grant funding, partners on the outreach
program included scientists from NC State
University and the University of North Carolina
at Chapel Hill, as well as Chowan Edenton
Environmental Group.

Additional partners included the N.C.
Department of Environmental Quality,

Water Resources Research Institute, National
Oceanic and Atmospheric Administration’s
Beaufort Laboratory, N.C. Department of
Health and Human Services’ Division of Public
Health, Albemarle-Pamlico National Estuary
Partnership and Town of Edenton.

In advance of the Edenton meeting,
Putnam led development of a research-based,
two-page fact sheet, Algal Blooms: Things to Know.

Read the fact sheet: go.ncsu.edu/algal-blooms

Access presentations from the forum:
go.nesu.edu/bloom-talks — Katie Mosher

Economics, fishing industry training, and oyster harvests are the primary focuses of three new initiatives.

N orth Carolina Sea Grant extension specialists
are heading three new research projects, thanks
to grants from the N.C. Commercial Fishing
Resource Fund. The projects cover economics,
fishing industry training, and oyster harvest
enhancements.

“We are pleased that the funding reflects the
strength of the research proposals and the project

teams assembled,” says Frank Lopez, North
Carolina Sea Grant’s extension director.

Lopez will lead a team looking to confirm
“spat on shell” demonstration sites to enhance
wild oyster stocks and potential harvests. The
N.C. Farm Bureau is a key partner on the project,
along with the N.C. Fisheries Association.

Jane Harrison, North Carolina Sea Grant’s
coastal economist, will lead a study of the
economic impacts of wild-caught commercial
fisheries’ harvests. The team includes Barry Nash,
Sea Grant’s seafood technology and marketing

specialist, as well as economists Chris Dumas
at UNC Wilmington, Eric Edwards and Sara
Sutherland at NC State University, and John
Whitehead at Appalachian State University.

In addition, North Carolina Sea Grant
fisheries specialists Sara Mirabilio and Scott
Baker will host a networking and skill-building
workshop for a rising generation of men and
women involved in commercial fishing. The
project builds on previous North Carolina
Sea Grant workshops — “Fish Camps” — that
looked at aging in the fishing fleet as younger
people seek jobs outside the industry.

Workshops kick offin January 2020
and cover business management, fisheries
science, North Carolina seafood in the global
marketplace, and more. Partners include UNC-
TV, Barbara Garrity-Blake at Duke University
Marine Laboratory, and freelance journalist
Susan West. — Katie Mosher

NEw PROJECTS BooST NC AQUACULTURE

Several North Carolina efforts are among 43
research projects and collaborative programs
that the National Sea Grant College Program has
funded to advance sustainable aquaculture.
Susan White, executive director of
North Carolina Sea Grant, says that seafood
consumption continues to rise, which means
that wild-caught fisheries alone cannot meet the
demand for seafood in the United States.
“Aquaculture’s role in the Blue Economy
is becoming more and more important,” White
says. “Along with North Carolina Sea Grant’s
ongoing initiatives in support of aquaculture,
these new efforts will help enhance and expand
the industry in our state.”
The new projects include collaborations
among North Carolina Sea Grant experts
with researchers at a host of institutions and
organizations along the East Coast and beyond.
Frank Lopez, North Carolina Sea Grant’s
extension director, leads a tri-state project to

expand comprehensive shellfish aquaculture
training opportunities. In addition, NC State’s
Whitney Knollenberg heads a team that works
to advance shellfish mariculture tourism.

Luke Fairbanks at Duke University and
his team are exploring the social dimensions
of aquaculture in Florida, Maine and North
Carolina. The N.C. Shellfish Growers
Association and the East Coast Shellfish
Growers Association also are partnering,
researching development of a crop insurance
product for oyster growers from Georgia to
Maine.

“Our country imports 85% of its seafood,”
White says. “There’s tremendous potential for
the aquaculture industry to increase its share of
the market in North Carolina and more broadly
across the United States. These projects take
steps toward that goal.”

Read more: go.ncsu.eduy/boost

— Katie Mosher & Dave Shaw
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Marae Lindquist, with a mist net extraction of a
seaside sparrow on Masonboro Island

WiLL CHANGING
SEA LEVELS AFFECT

SPARROW HABITAT?

North Carolina Sea Grant and the
NC Sentinel Site Cooperative have
announced Marae Lindquist as their
2019 joint fellow. Her research focuses
on modeling sea level rise in order to
determine how changes in habitat will
affect winter populations of saltmarsh
and seaside sparrows.

The NC Sentinel Site is one of five
cooperatives under the National Oceanic
and Atmospheric Administration’s
Sentinel Site program. These cooperatives
bring together science, management and
technology to address the impacts of sea
level changes on coastal communities.

“The NC Sentinel Site Cooperative
is very excited to fund Marae to study
the impacts of changing sea levels on
marsh bird populations and habitats in
one of the newly expanded regions of
the cooperative,” says Sarah Spiegler,
cooperative coordinator and marine
education specialist for North Carolina
Sea Grant. “Marae is our second joint
graduate fellow. Her research will
contribute to a better understanding of
how sea level rise will affect NC coastal
ecosystems.”

John Fear, deputy director of North
Carolina Sea Grant, says Lindquist’s work
helps mark the cooperative’s next phase
in a wider coastal region. “This is the first
year that the research results will be from
within that new geography,” Fear says.

Learn more about the North
Carolina Sea Grant/NC Sentinel Site
Cooperative Joint Graduate Fellowship:
go.ncsu.eduyjoint-fellowships.

— Katelyn Vause
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A forensic science class at the University of
North Carolina at Chapel Hill found 35% of shrimp
samples were mislabeled as North Carolina products.

How PREVALENT
Is SEAFOOD FRAUD?

Cases of seafood fraud have made news
recently. A North Carolina crabmeat
processor pleaded guilty in federal courtin
New Bern on charges the company falsely
labeled millions of dollars’ worth of cooked
crabmeat from Asia and South America as
“Product of the USA.”

In addition, a forensic science class at
the University of North Carolina at Chapel
Hill found 35% of shrimp samples obtained
from 60 grocery stores and seafood
markets across the state were mislabeled as
North Carolina products. The mislabeled
shrimp actually was a farmed species
imported from the eastern Pacific.

Numerous investigations have
shown several kinds of fraud can occur
as seafood moves from fishermen to
consumers. These deceptions range from
flagrant attempts to increase profits to
simple misunderstandings or a lack of
information.

The UNC-Chapel Hill study, for
instance, noted the average price for
mislabeled shrimp was $11.00 per pound
compared to $13.20 per pound for
correctly-labeled shrimp, which suggests
the mislabeling likely was unintentional
rather than economically driven.

But just how widespread is seafood
fraud?

Estimates vary, butin 2012 the U.S.
Food and Drug Administration started an
investigation into seafood mislabeling. The
investigation found 85% of the seafood
they tested was properly identified.

More information, including how
consumers can verify seafood authenticity:
go.nesu.eduy fraud — Barry Nash
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ScIENTISTS TEST DEVICE
TO DETER SHARKS

North Carolina Sea Grant is collaborating
on a new project to keep sharks away from
commercial fishing gear. Researchers are
partnering with the private sector to pilot
test a state-of-the-art electronic device that
deters the predators.

“Several sharks are overfished orare
experiencing overfishing on the U.S. East
Coast,” says Sara Mirabilio, a fisheries
extension specialist with North Carolina
Sea Grant. “Populations of scalloped
hammerhead, dusky, sandbar and blacknose
sharks all could benefit from an effective
deterrent from commercial fishing gear.”

Most often, sharks are caught
unintentionally, Mirabilio explains. That’s
why she and her colleagues, including
Richard Brill at the Virginia Institute of
Marine Science and Peter Bushnell at Indiana
University-South Bend, plan to test a device
that produces a small electric field around a
baited hook.

Mirabilio says their approach has
shown promise in the laboratory. The team
is partnering on the project with Ocean
Guardian, the company that pioneered
“Shark Shield®” technology, to manufacture

Electrical impulses can keep fishing gear free of sharks
like this juvenile dusky, caught at Ocean Isle.

the first field-ready prototype.

“To an approaching shark, even a weak
electrical impulse can be disorientating or
physically painful,” Brill explains.

Mirabilio says reducing shark-gear
interactions will bring savings to commercial
fishing operations.

“Sharks eat the fishing boat’s intended
catch before it can be brought aboard,”
explains the team’s industry partner, Captain
Charlie Locke, who owns the F/V Salvation.
“Also, when sharks are going for the tuna
or other fish, they often damage, or even
destroy, fishing gear.” Locke adds that sharks
can increase the amount of time it takes to
retrieve gear, as well as the time to sort the
catch on-deck.

More on sustainable fisheries and
aquaculture: go.ncsu.eduy/Fish

— Katie Mosher & Dave Shaw

WETLAND CHEMICAL COMPOSITIONS CHANGE HOURLY

Nitrate levels in wetlands fluctuate throughout the day, according to a new study from researchers

at NC State University. The findings have implications for how to measure and account for nitrate,

which can originate from fertilizers and sometimes can act as a pollutant.

Michael Burchell from NC State’s Department of Biological and Agricultural Engineering

says the findings provide new insights about nitrate concentrations in wetlands constructed for

pollutant removal.

“Agricultural drainage water can be pumped from farms into constructed wetlands as a way

to remove pollutants from the water,” Burchell explains. “It’s important we gain an understanding
of how nitrate levels change in these systems over time.”

New sensor technology allowed Burchell and his team to make hourly measurements, which
revealed that nitrate levels in wetlands fluctuate during certain times of the day, even though overall

the levels tend to decrease.

Burchell says microorganisms and utltraviolet light break down organic matter, releasing

internal sources of nitrogen that likely cause the hourly fluctuations that his team identified.

“This research overall helps practitioners predict how much agricultural drainage water they

can pump into a wetland,” Burchell says.

North Carolina Sea Grant, the North Carolina Water Resources Research Institute, and other

groups funded the study.

Read the full study in Ecological Engineering: go.ncsu.edu/wetlands-study
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An albino alligator at the North Carolina Aquarium at Fort Fisher

AQUARIUM PROVIDES SENSORY INCLUSIVE EXPERIENCES

-I-he North Carolina Aquarium at Fort
Fisher wanted to make exploring a little
easier for visitors with sensory sensitivities,
including people on the autism spectrum,
as well as people with sensory processing
disorders, post-traumatic stress disorder,
and other needs.

The aquarium recently earned its
Sensory Inclusive Certification in partnership
with KultureCity, a national nonprofit that
focuses on sensory-inclusive technology and
spaces. Aquarium staff from all departments,
as well as many volunteers, completed training

to better understand and interact with guests
with differing sensory characteristics.

“This illustrates our team’s commitment
to making the aquarium a place all people
can experience and enjoy,” says educator
Erin Gross, who led the certification initiative
and training.

Where possible, the N.C. Department of
Natural and Cultural Resources offers assistive
listening devices, Braille signage, wheelchairs,
accessible facilities, and other features at
museums, parks, and attractions.

Read more: www.ncdcrgov — Katelyn Vause

STuDY EXPLORES CLIMATE ADAPTATION

Rural communities already have seen the chaos hurricane flooding can bring when septic systems
overflow into nearby land and water. The National Oceanic and Atmospheric Administration is
supporting a new project looking at impacts of climate change for onsite wastewater treatment

systems in North and South Carolina.

“Ultimately, we want to help coastal communities prioritize climate adaptation investments,”
says Jane Harrison, North Carolina Sea Grant’s coastal economist, who will lead the study.

The mulitcampus and interdisciplinary team also includes Charles Humphrey and Michael
O’Driscoll of East Carolina University; Eric Edwards and Jared Bowden of North Carolina State
University; and Katie Hill of the University of Georgia.

“High-tide flooding and extreme precipitation events, as well as sea level rise, can bring
immediate and long-term losses of system functionality,” says Humphrey. “If septic systems and

other onsite technologies fail to process contaminants, results may include human illness, ecosystem

damage, and ultimately the un-livability of communities that depend on them.”
The study will focus on fecal bacteria, phosphorus, and nitrogen in partnership with the Town

of Nags Head and City of Folly Beach.

“The effort builds on existing understanding of decentralized wastewater infrastructure
functionality by wastewater facility operators, private septic experts, and coastal community
decision makers,” Harrison explains. “The team will develop protocols that coastal decision makers
and adaptation professionals can use to plan and prepare for climate change with regards to

decentralized wastewater infrastructure.”

More about Nags Head’s pioneering town planning: go.ncsu.ed/ TheLongView

COASTWATCH

— Katie Mosher

Flooded maintenance buildings at Cape Lookout

DORIAN BRINGS
9-FOOT STORM SURGE
TO CAPE LOOKOUT

Earlier this year, The Guardian reported
that when Hurricane Dorian struck the
Bahamas as a Category 5 hurricane, it
was the strongest storm on record to hit
the country and caused the worst natural
disaster in the islands history.

Dorian made landfall on Cape
Hatteras a few days later as a Category
1 hurricane, but the storm’s impact on
some parts of coastal North Carolina
also was severe. Ocracoke Island, for
instance, received devastating storm surge,
damaging homes, businesses, roads and
infrastructure such that access remained
limited for more than a month.

At Cape Lookout National Seashore,
superintendent Jeff West says Dorian’s
damage was unlike anything he had
experienced while with the park. The 7-foot
storm surge that came across Portsmouth
wrought havoc on the village's historic and
modern maintenance structures.

“I'have not seen total building impact
like this to a historic district anywhere or
anytime in my career,” says West. “All of
the infrastructure for the cabin camp was
completely destroyed.”

An even greater storm surge — 9 feet
— washed over most of North Core Island
from the sound side and left over 54 inlets
that cut through the Island from sound to
ocean. At the end of September, some of
the larger ones still had remained active.

“This is personally hard,
professionally difficult,” says West, who
lives on Harkers Island. “At the same time,
itis an opportunity to inject sustainable
design and operations into the process
of learning to live within new weather
patterns, rather than fighting it.”

Within a week, Dorian had sped up
the East Coast, into Canada, and out to
sea, dissipating near Greenland.

— Sarah Spiegler & Dave Shaw
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ortheastern North Carolina’s
coastal system embodies the best of water,
wildlife, and wildness — an energetic,
complex, and diverse waterscape superimposed
on the geologic and biologic landscape. This
landscape also is overlain with a rich but
conflicted human history. The many different
human groups inhabiting this world-class
coastal system for millennia have witnessed the
natural dynamics of change and left a cultural
history based on these dynamics.

Where the western boundary of the
vast Atlantic Ocean intersects the irregular
topography of the North Carolina landmass
today, a broad and shallow coastal system
occurs (Figure I). This land-water interface
forms the modern North Carolina coastal
system that is still dominated by and the
product of energetic storms that build, maintain,
and obliterate it; these are the forces that drive
coastal evolution. The result is a complex
network of diverse geomorphic features and
associated aquatic ecosystems in which change
is the only constant.

The wild and beautiful coastal system
of North Carolina (Figure 2) has always had a
magical draw for human occupation and, most
recently, has become an essential component
for ever increasing economic growth and
development. However, continued expansion in
a dynamic coastal system dominated by high-
energy storms and change has set economic
growth and community development on a
collision course with natural processes.

A new vision must emerge, one in which
society adapts to and lives with the ongoing
processes of dynamic change. This can
only happen if society integrates scientific
understanding with our cultural needs into a
new paradigm for the “North Carolina Land
of Water.!

The North Carolina Coastal Plain is
bordered on the Atlantic Ocean side by its
drowned partner, the submarine continental mar-
gin, and on the inland side by the “Fall Line” that
separates the Coastal Plain from the Piedmont
and Appalachian Provinces (Figure ).

The Piedmont and Appalachians are
ancient landforms resulting from severe
mountain-building processes more than
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* Fisure 1 (Topr): IF THE ICE ON GREENLAND AND ANTARCTICA WERE TO MELT ENTIRELY, THE
SEA LEVEL WOULD RISE, FLOODING THE COASTAL PLAIN TO THE “FALL LINE” AT THE EDGE OF
THE PIEDMONT PROVINGE AND INTERSTATE 95 — WHERE THE OCEAN WAS BEFORE. TODAY,
RIVERINE DRAINAGE SYSTEMS FLOW OFF THE PIEDMONT ACROSS THE COASTAL PLAIN PROVINCE
(DARK RED-BROWN TO LIGHT BLUE). THE VAST ESTUARINE SYSTEM FORMS AS RIVERS REACH SEA
LEVEL AND MIX WITH THE ATLANTIC. * FIGURE 2 (BoTToOM): THE LAND OF WATER COASTAL
SYSTEM EXTENDS WESTWARD TO THE PALED-SUFFOLK SHORELINE AND ASSOCIATED RIVER
SYSTEMS (THE RED DASHED LINE). YELLOW TO RED AREAS REPRESENT SHALLOW SHOALS

SLIGHTLY BELOW SEA LEVEL; BLUE AREAS INCREASINGLY ARE BELOW SEA LEVEL.

250 million years ago. They have substantial
elevation above modern sea level and are
composed of ancient metamorphosed

sedimentary rocks and crystalline granitic
and basaltic rock types. The Atlantic Ocean
started to form about 200 million years ago
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¢ FiGUrRE 2 (ToOR): MOUNTAIN-BUILDING PROCESSES FORMED THE APPALACHIAN AND PIEDMONT
PROVINCES, AND WEATHERING AND EROSION THEN PRODUCED RIVER SYSTEMS THAT DELIVERED
SEDIMENT TO THE COAST. THE DEPOSITS ACCUMULATED, CREATING THE COASTAL PLAIN AND
CONTINENTAL MARGIN, AND BY ABOUT 3,000 YEARS AGO PORTIONS OF THE MODERN BARRIER
ISLANDS HAD BEGUN TO FORM NEAR THEIR PRESENT LOCATION. °* FIGURE 4 (BOoTTOM):
ANALYSES OF MICROSCOPIC ORGANISMS AND ISOTOPIC DATING AT SALTWATER MARSHES ON
ROANOKE ISLAND (SAND POINT) AND CEDAR ISLAND (TuMP POINT) PROVIDE A RECORD OF

GRADUAL SEA LEVEL RISE MORE THAN 2,000 YEARS LONG.

and accumulated vast thicknesses of marine above modern sea level.

sediments, which range from a few feet at the The topography of North Carolina’s

Fall Line to 10,000 feet at Cape Hatteras, and modern Coastal Plain is the direct product of
to about 40,000 feet on the outer continental previous coastal systems as sea level rose and
margin about 50 miles off the present barrier fell, causing the coastal system to migrate back
island system (Figure 3). This sediment wedge  and forth across the continental margin. The

is composed of marine deposits and associated ~ processes of climate change — fluctuations in
fossils (such as oysters, clams, mussels, corals, sea level, ocean dynamics, and frequency and
crabs, and shrimp) that today extend inland to intensity of storms — dictated when coastal
form the Coastal Plain and that occur in part waters flooded or drained the river valleys,

when shorelines advanced or receded, when
ecosystems evolved or migrated, and when barrier
islands moved landward or seaward.

The historical evolution of the ancient to
modern coastal systems has been extensively
analyzed and mapped, such that now these
processes of change can be projected into the short-
term future with a certain level of confidence.

Sea level rise by itself is a fairly slow and
gentle process that is like filling a bathtub. The
scientific record of sea level change in coastal
North Carolina has been well established over
the last 50 years by a vast array of coastal marine
scientists of many different disciplines dissecting
the North Carolina coastal system (Figure 4).

Sea levels have risen and fallen for as long
as there has been an Atlantic Ocean along North
Carolina’s eastern shore. Today, fossil beds
of marine shells in our estuarine bluffs occur
well above modern sea level. For instance, one
such bed — full of finger corals, oysters, and
articulated clams — is located about 10 to 15 feet
above present sea level in the west banks of the
Chowan River Estuary.>* To produce this deposit,
the relative level of the sea in the recent past must
have been substantially higher than at present.

However, frequent coastal storms superim-
posed upon rising sea level contain the energy
to build, modify, and migrate coastal systems.
These storms are drivers of change that erode
shorelines, move barrier islands, and cause eco-
systems to evolve. For many millennia, before the
first English explorers landed on Roanoke Island
in 1584, extra-tropical storms, tropical storms,
and hurricanes played substantial roles in chang-
ing and rearranging the natural coastal system.
About 1,500 tropical storms have occurred in the
North Atlantic in the last 160 years alone, with
many inpacting the North Carolina coastal system
(Figure 5).

During the late 1960s and early 1970s, my
colleagues and I began studying the dynamics
and evolutionary history of the Albemarle-
Croatan-Pamlico region.’ This initial research
project was largely funded by the newly founded
North Carolina Sea Grant Program in 1970
through 1974. The project involved running
subsurface surveys, drilling deep core holes, and
analyzing age-dated sediments. We developed
a summary of the physical dynamics operating

Continued
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within this coastal system and a preliminary
map documenting the evolutionary history
of Croatan Sound.*7 Subsequent research
established the details of how Croatan Sound
evolved from a drowning creek, surrounded
by vast coastal marshes, to a relatively wide
and deep estuary 200 years after closure
of the northern Outer Banks inlets —
dynamic change that had significant human
consequences.®

Additional research by numerous
scientists over the next 45 years has further
documented the formation of the entire
North Carolina coastal system — including
the inner continental shelf, barrier island-
estuarine system, and associated riverine and
adjacent Coastal Plain uplands.’ The origin
and evolution of Croatan Sound (Figures 6
and 7),for instance, clearly demonstrate the
details of sea level rise and resulting change in
coastal ecosystems through time. The scientific
result provided the first detailed 10,000-year
history of sea level rise in North Carolina’s
coastal system and supplied initial data for
subsequent sea level studies within the scientific
Community.lo' 11,12,13,14,15

Although the record of sea level change is
scientifically well known, this phenomenon is

* Fisure 5 (Tor): FROM 1851 To 2017,
ABOUT 1,500 TROPICAL STORMS OCCURRED
IN THE NORTH ATLANTIC, INCLUDING MANY
THAT DIRECTLY AFFECTED THE N.C. COASTAL
SYSTEM. * FIGURE 6 (MIDDLE): SEISMIC AND
DRILL CORE DATA, AS WELL AS RADIOCARBON
DATING, SHOW HOW CROATAN CREEK EVOLVED
FROM A FRESHWATER CREEK TO AN ESTUARINE
SOUND OVER 10,000 YEARS. °* FIGURE 7
(BOTTOM): WITH CLOSURE OF ALL NORTHERN
INLETS IN THE EARLY 1800s, THE ROANOKE-
ALBEMARLE DISCHARGE FLOWED THROUGH
THE CROATAN NARROWS AND FLOODED THE
ROANOKE MARSH INTERSTREAM DIVIDE.
BATHYMETRIC SURVEYS HAVE REVEALED THE
SUBSEQUENT INCREASE IN EROSION, THE
PROCESS THAT FORMED THE MODERN CROATAN
SOUND. FIGURE 7'S DASHED BLACK LINE,
WITHIN TODAY’S MUCH BROADER AND DEEPER
SOUND, MARKS THE BED OF THE OLD CROATAN

CREEK, WHICH FIGURE 6 REPRESENTS IN BLUE.

NOAA'’s National Hurricane Center
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* FIGUrRE 8 (Tor): THIS 1590 MAP SHOWS THE FIVE INLETS AND OUTLETS (IN RED) FOR THE

ROANOKE-ALBEMARLE DRAINAGE SYSTEM (BLUE ARROW) IN THE REGION NORTH OF ROANOKE

ISLAND. THESE PASSAGES WERE TRANSIENT — OPENING, MIGRATING, AND CLOSING AT DIFFERENT

TIMES IN RESPONSE TO STORMS. °* FIGURE 9 (BEoTTOM): THE BLACK BOXES MARK THE

ROANOKE MARSHES INTER-STREAM DIVIDE, WHICH ERODED AWAY AND OPENED CROATAN SOUND

TO CONNECT ALBEMARLE AND PAMLICO SOUNDS.

not well understood by the public. Nonetheless,
sea level change has left a major record of
its overwhelming impact upon the history of

coastal cultures, especially in northeastern
North Carolina. (See “A Timeline of Natural
Changes and Human Responses to Sea Level

Rise, 1706-1867" on page 12.)

From 1584 to 1587, Sir Walter Raleigh
and his English settlers sailed into the salty
estuarine waters of Currituck, Roanoke, and
Albemarle sounds looking for the “New
World.” There were at least five ephemeral
inlets through the Outer Banks barrier
islands north of Roanoke Island at the time,
as indicated on a 1590 map by John White
and Theodor de Bry (Figure 8). These fickle
openings through the barrier islands were inlets
for the settlers and outlets for the Roanoke-
Albemarle drainage discharge and the shipping
industry.

The English ships probably came
through the “Roanoke Inlet,” which at that
time was located just south of Jockey’s Ridge
in Nags Head and followed a deep channel
to the northwest, passing adjacent to the high
bluffs and overlying dune field along the north
shore of Roanoke Island. The Roanoke Island
shoreline then extended well over one-half mile
farther north than today’s shoreline, which is
still severely eroding.*

During the first three centuries of
European settlement, the riverine and estuarine
waterways were highways and inlets through
the barrier islands crucial for shipping between
the newfound colonies and the old world. Early
maps demonstrate the dynamic changes that
were taking place to the waterways during this
time period. The ephemeral inlets through the
highly mobile barrier islands routinely opened,
migrated, and closed in response to individual
storm events.!17-18.19

When the colonists were exploring coastal
North Carolina in the late 16th century, sea level
was at least 3 feet lower than today but rising
(Figure 4). The Pamlico and Albemarle Sounds
were saltwater estuaries, and the two sounds
were barely connected to each other by only a
few tidal channels for small boats (Figure 9A).

Croatan Sound, which today connects
the two drainage systems, did not yet exist
(Figure 11). Rather, it was a drowning Croatan
Creek that occupied the “Croatan Narrows,”
flowing off the shallow-water marshes on the
inter-stream divide known as the “Roanoke
Marshes” — which still connected Roanoke
Island to the mainland (Figures 94, 9B, and
9C). The detailed geologic history of the
evolution of Croatan Sound is supported by
the historic maps and oral traditions of early

Continued
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As the natural dynamics of sea level rise
and storms brought evolutionary changes to
the coastal system, it severely impacted the
course of human settlement in the region. The
scientific record of sea level change in coastal
North Carolina is underscored by the state
legislature’s relentless efforts to prevent coastal
change and control the dynamics of water.
The historical record of the North Carolina
Colonial Assembly and State Legislature
document long and unending efforts to tame
the wilderness and contain the ongoing
processes of natural climate change, such as
sea level rise and storm dynamics.

In to , Bath, located
on the Pamlico River estuary with access to
the Atlantic Ocean via Ocracoke Inlet, was
incorporated as North Carolina’s oldest town.

In , the North Carolina Colonial
Assembly established Edenton as North
Carolina’s first capital due to availability
of shipping through the northern inlets and
because of its proximity to Jamestown,
Virginia, and Chesapeake Bay.

By the , changing coastal
storm activity caused the northern inlets to
become increasingly unreliable for shipping,
rapidly jeopardizing Edenton’s access to the
ocean. The North Carolina Colonial Assembly
determined that the more stable Ocracoke Inlet
would be established as the major port for
northeastern North Carolina.

In , the North Carolina Colonial
Assembly established the town of Portsmouth

Wanchese residents, which chronicle how they
walked the Roanoke Marshes to the mainland
with only a few planks to cross small tidal
channels.

As mentioned earlier, the evolution
of Croatan Creek into Croatan Sound over
200 years is a direct product of ongoing sea
level rise and subsequent flooding across
the Roanoke Marshes inter-stream divide
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S HAMILTON FULTON’S 1820 ENGINEERING MAP DETAILS WATER DEPTHS,

PROPOSED ROCK DAMS OR EMBANKMENTS ACROSS THE SHALLOW WATERS OF CROATAN SOUND

AND ROANOKE SOUND, AND THE PROPOSED NEW ROANOKE INLET THROUGH THE OUTER BANKS

OPPOSITE ROANOKE ISLAND.

on North Core Banks (southwest side of
Ocracoke Inlet) and platted it for development.
In , Governor Tryon moved
the capital of colonial North Carolina from
Edenton, which was rapidly becoming
landlocked, to the new port city of New Bern
on the Neuse River with direct access to
shipping through Ocracoke Inlet.
In , construction began on
the 22-mile Dismal Swamp Canal, built by
enslaved Africans to open up shipping from
Albemarle Sound to Chesapeake Bay and
beyond. This canal was completed for small

boats in and enlarged by for
larger vessels.
From to , the Raleigh

Company was established by the state
legislature to re-open the deteriorating
Roanoke Inlet from Roanoke Sound to the
Atlantic Ocean.

By only Roanoke Inlet remained

that separated the Albemarle and Pamlico
drainage basins*# (Figure 11). In addition to
the rising sea level, this drowning process was
enhanced by the final closure by 1817 of all five
ephemeral inlets that had cut through the Outer
Banks north of Roanoke Island (Figure 8).
These inlets were the primary discharge points
for the Roanoke-Albemarle drainage system
into the Atlantic Ocean.

NCSEAGRANT.ORG

open from Roanoke Sound (Figure 9C).

By , Roanoke Inlet was in its final
stages of closing, and Archibald Murphey, a
North Carolina politician known as the state’s
“Father of Education,” developed a plan to
re-establish ocean-going navigation for the
Albemarle Sound region.

The ephemeral Roanoke Inlet, the last
inlet to allow discharge of the Roanoke-
Albemarle drainage basin into the ocean,
finally closed by in the vicinity of
Whalebone Junction (Figure 9C). As a result:

* Without any inlets, the Albemarle and
Currituck Sounds and their tributary estuaries
became freshwater along with major shifts in
both the flora and fauna.

* Without a direct outlet to the ocean, the
freshwater discharge from the Roanoke-
Albemarle drainage system was forced to flow
through the Croatan Narrows, flooding across
the inter-stream divide into the Pamlico Sound

The final closure of these northern inlets
forced the full power of the Roanoke-Albemarle
discharge, the state’s largest river, through
Croatan Creek and Roanoke Marshes into
Pamlico Sound and out through southern inlets.
In the process, the large flow dramatically
eroded Croatan Sound both laterally and
downward to produce the wide and deep estuary
that exists today (Figures 6 and 7).

drainage system with its outlets to the ocean
(Figures 6 and 7).

¢ The human response was that the
coastal system could be engineered and
managed to benefit society without regard to
the ongoing natural dynamics of a high energy
coastal system. Murphey developed plans for
doing so by maintaining a system of canals.

In , English engineer Hamilton
Fulton was employed by the legislature to
produce a map (Figure 10) and a plan to
re-open Roanoke Inlet permanently. His
plan required building rock dams across
the shallows of both the newly forming
Croatan Sound and Roanoke Sound to force
the Roanoke River discharge through the

H# |

proposed Roanoke Inlet with its rock hardened
shorelines. Fulton believed the fickle waterways
could be engineered.

In , the legislature authorized the
Roanoke Inlet Co. to build the dam structures
and inlet as laid out on the Fulton
engineering map. The effort failed.

Five more detailed surveys were
authorized by the state legislature in

s , , ,and in
, all based on Fulton’s map,
but with new depth survey data, slight project
modifications, and new dates. All efforts failed.

In ,a storm opened the present
Oregon Inlet south of Roanoke Island. The
ongoing rise of the sea level had flooded

Outer Banks History Center

o
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L THE ROANDOKE MARSHES SCREW-PILE LIGHTHOUSE STOOD AT THE SOUTH ENTRANCE

TO CROATAN SOUND ON AN ERODING MARSH ISLAND FROM 1867 TO 1955.

Total closure of inlets north of Roanoke
Island had other major consequences. Prior to
1817, Albemarle Sound was a brackish-water
estuary, much like Pamlico Sound is today.
However, no barrier island outlets for the
continuous seaward flow of fresh Roanoke
River and brackish Albemarle basin waters
also meant no inlets for inflowing ocean
water. Thus, Albemarle Sound and associated

tributary estuaries became freshwater estuaries.

Because salty water is toxic to all land-
based trees in the mid-Atlantic climate zone,
prior to two centuries ago there were no
submerged trees living in the water along the
shorelines, not even bald cypress. However,
with the rising sea level and the closing of
the outlets, the coastal swamp forests slowly
drowned — all trees, that is, except the bald

COASTWATCH

over the top of the “Croatan Narrows” and
“Roanoke Marshes,” which allowed the
Roanoke-Albemarle drainage discharge to
flow through Croatan Sound and connect the
Albemarle and Pamlico drainage basins. This
increased flow rapidly amplified the erosion
rates of the Croatan Sound shorelines and its
bottom depth (Figures 6 and 7).

In ,the U.S. Congress made
$50,000 available to dredge a new Roanoke
Inlet, but the project ended later that year when
the inlet filled faster than it could be dredged.

By the start of the Civil War in s
Croatan Sound was already a major body of
water with established navigation channels that
allowed General Ambrose Burnside to bring
13,000 troops and 67 ships through Roanoke
Marshes to carry out the largest naval battle in
North Carolina on the north shore of Roanoke
Island (Figure 9D).

In , Congress built two screw-
pile lighthouses at Roanoke Marshes and
Colington Shoals, the south-channel and
north-channel entrances to Croatan Sound,
respectively, as it became a major navigational
waterway to the southern Outer Banks inlets
(Figure 9D).

The historic freshwater Croatan Creek
evolved into a saltwater tidal creek, occupying
“The Narrows™ on maps from to

maps (Figures 8 and 9) before
becoming today’s relatively wide and deep
Croatan Sound, now a major waterway in
North Carolina (Figure 2). This 200-year old
body of water is a dramatic example of coastal
system change in response to persistent storm
activity and the ongoing rise of sea level.

* THIS TIMELINE RELIES ON DATA
SUMMARIZED FROM THE AUTHOR’S RESEARCH
AND TEACHING CAREER IN COASTAL NORTH

CAROLINA FOR OVER A HALF CENTURY.

cypress. Although this tree must germinate on
land, after a certain young age the bald cypress
can continue to live, although stressed, under
permanently flooded, freshwater conditions.
This evolutionary change put a critical
data point on the reality of ongoing sea level
rise that is dramatically documented by the
hundreds of thousands of bald cypress trees
Continued
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permanently under water and rimming the
entire Albemarle estuarine system. Thus, the
closing of all inlets north of Roanoke Island
by 1817, along with the ongoing upward march
of rising sea level, created massive changes

in the physical and chemical dynamics of the
Albemarle Sound water bodies, causing major
shifts in plant and animal life of the associated
coastal ecosystems.

This is absolute evidence of coastal
change in response to ongoing sea level rise.
When Albemarle and Currituck Sounds
became freshwater estuaries, the surrounding
coastal region experienced the emergence
of new bass fishing and wildfowl hunting
industries.

Both historical and recent economic
development in North Carolina’s coastal
system have largely ignored the dynamics
of natural change. Centuries of engineering
the low swamplands and the more recent
introduction of an upland style of business
economy — including highways, mega-houses,
hotels, and condominiums — on mobile piles
of barrier sands has created the potential for a
catastrophic failure in response to a large-scale
hurricane. Escalating urbanization within this
dynamic system almost guarantees massive

Jed Record/CG-BY-2.0 generic

economic losses in the case of every major
storm event.

North Carolina’s coastal economy is
largely dependent upon a mixed commerce
of agriculture, forestry, and tourism that is
perched on a dynamic system of low wetlands
and mobile barrier islands. Large portions of
these ecosystems are overwhelmed by storms
in a period with a rising sea level as the coastal
population has boomed in the 21st century.
North Carolina finds itself in the throes of a
“Perfect Conflict™ an escalating battle between
alteration of landscape-waterscape resources
and the natural dynamics of coastal change.

North Carolina’s unique coastal system
has challenged the engineering prowess of
many great minds through the centuries:
Thomas Harriot and John White, who mapped
northeastern North Carolina for Sir Walter
Raleigh in 1585; George Washington, who
initially tried to drain the great Dismal Swamp
in the latter half of the 18th century; Archibald
Murphey’s antebellum efforts to reopen
inlets through the Outer Banks; and the U.S.
Army Corps of Engineers, who have fought
the dynamics of nature from the 19th to the
21st century. With a fuller understanding of
the science behind the state’s coastal region,
North Carolina’s future challenge is to devise a
coastal management and development system

Roanoke River

y Late Ploistocene Uplands
e =" Late Pleistocene Drainages,
20 km

¢ FIGURE 11: THIS MAP SHOWS THE MAJOR
INTER-STREAM DIVIDE ABOUT 9,000 YEARS
AGO, WHEN SEA LEVEL WAS SUBSTANTIALLY
LOWER. PAMLICO CREEK, CROATAN CREEK,
AND ROANOKE RIVER WERE PRE-CURSERS
OF PAMLICO SOUND, CROATAN SOUND, AND
ALBEMARLE SOUND RESPECTIVELY. FOR
REFERENCE ONLY, THE FIGURE INCLUDES THE

DOUTER BANKS, WHICH DID NOT THEN EXIST.

that can advance in harmony with the realities
of change within this magnificent natural
resource system.

* ABOVE: BALD CYPRESS TREES WITHIN THE ALBEMARLE-CHOWAN ESTUARIES GERMINATED IN SWAMP FORESTS ON LAND AND SUBSEQUENTLY

SURVIVED PERMANENT FLOODING IN RESPONSE TO ONGOING SEA LEVEL RISE.
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