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FOREWORD

The purpose of this report is to inform other Service personnel and
interested organizations and individuals outside of the Service of the
natural science studies being conducted on areas administered by the
National Park Service during calendar year 1969.

The first part of this document consists of a selection of narrative
reports on work conducted by Service personnel and by people under
contract.

The second part is a listing of projects, funded by the National Park
Service and/or other sources, which are being conducted in the National
Park System.

The third part of the report is a list of publications and final reports
concerning natural resources of the National Park System that have been
received by this Office in 1969.

Inquiries for further information on projects mentioned in this report
should be addressed to the appropriate investigator. Information on the
acquisition of reports or publications listed in the bibliography, or
additional copies of this report, can be obtained directly from this Office.
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ECOLOGICAL STUDIES PROGRAM

OCEANIC OVERWASH AND ITS ECOLOGICAL IMPLICATIONS
ON THE OUTER BANKS OF NORTH CAROLINA
(CALO-N~-1 and 2)

INVESTIGATOR: Paul J. Godfrey

Where the land meets the sea, terrestrial organisms face rigorous
conditions imposed by the oceanic environment. Such areas have long been
of interest to ecologists, and many investigations have dealt with the
problems faced by communities at the edge of the sea. The effects of salt
spray (Wells and Shunk, 1938; Oosting and Billings, 1942), moving sand
and storm damage are generally well known (Oosting, 1954). Coastal plant
communities characteristically show the effects of salt spray; Wells (1939)
was moved to call such communities "salt-spray climax" in the Clementsian
sense of subclimax. Other subclimaxes have been described for various
situations, such as "fire climax'" in the S. E. coastal plain (Oosting, 1956)
and in certain western areas. On the low barrier islands of the North
Carolina coast, particularly in Carteret County, another environmental
factor has created a subclimax of sorts, and coupled with salt spray, is
a rigorous force indeed. This is overwash. The concept of overwash as
as ecological factor, and "overwash climax'" as a vegetation type, will be
considered in this paper.

The vegetation that survives on low barrier islands is well adapted
to conditions of overwash -- the process whereby storm driven sea water
completely inundates the barrier islands and sand moves from the beach
face toward the back of the island. Not only is the vegetation well
adapted, but it also plays a critical role in the structure of these
islands and the sea-sand-plant system demonstrates a well ordered natural
balance that survives the vast power of storm driven waves. It shows a
remarkable flexibility that ensures the survival of this barrier island
ecosystem, as well as the estuarine ecosystem the islands protect. Contrary
to generally accepted interpretations, this process is not destructive,
but constructive, if undisturbed by man. It is the means by which the
ocean builds and moves the barrier islands, and this movement is essential
for their continued survival. This paper will attempt to put the concept
of an "overwash climax'" into a perspective that can be applied to those
management situations. where permanent installations along barrier islands
are not present.

. The area of study is the barrier island system of North Carolina
between Beaufort Inlet and Ocracoke Inlet (the region that will become
the Cape Lookout National Seashore). These islands have provided an
excellent opportunity to study the ecology and physiography of barrier
islands still in their natural state. This paper will propose that man
is the barrier island's worst enemy, not the sea. Barrier islands have
an intrinsic mechanism for surviving enormous oceanic forces. Man's
interference with this mechanism with the thought he is improving or
restoring the ''matural ecology' may, in fact, lead to the very breakdown
he is trying to prevent.


http://ecol.og.ists

Barrier islands are relatively common features around the world where
sandy substrates and gradually sloping land surfaces front on the sea.
Barrier islands have also formed seaward of terminal moraines such as
Long Island and Cape Cod. These islands all have certain features in
common: they are made of sand, are highly changeable, experience
severe storms and wave attacks, are bathed in salt spray and often
flooded with sea water, front on the surf and protect lagoons between
them and the mainland, and, in most areas, especially along the Atlantic
Coast, are receding. Barrier island systems in North America are common
features along the coast from the Gulf of Mexico to Cape Cod. The
North Carolina ''Outer Banks' are the most extensive series of barrier
islands in the world, and Cape Hatteras projects farther out to sea
than any other. Their position makes them highly wvulnerable to the
hurricanes that move through the western Atlantic. The Outer Banks
which are the subject of this paper are the last extensive island
system along the east coast which has not yet been developed. They
are roadless, with only one permanent settlement, at Portsmouth Village,
and extend from Ocracoke Inlet to Beaufort Inlet, a distance of 82.7 km.
(51 miles). 1In contrast, the island system to the north -- from Ocracoke
to Virginia -- has many towns and is readily accessible by automobile.
The natural processes that can be seen in the Cape Lookout National
Seashore no longer occur in the Cape Hatteras region because of the
highways, towns, and man-made barrier dune systems there. The undeveloped
nature of Cape Lookout thus has great value in providing a control with
which the two barrier island systems can be compared. This alone is a
major reason for preserving the increasingly rare resource we have in
Cape Lookout National Seashore in as close to its natural state as
possible, and still manage it for appropriate recreational purposes.

The barrier island system of the Cape Lookout National Seashore
(Fig. 1) consists of four basic units: Shackleford Banks, Cape Lookout,
Core Banks, and Portsmouth Island. Shackleford is the only unit of the
system with a general east-west orientation, while the rest trends in
a northeast-southwest direction. Except for portions of Cape Lookout,
Shackleford has the greatest land mass of the Seashore, and subsequently
the most variety. It is the only unit with a typical maritime forest
which runs along the inside of the island for about 4 miles of its
western half. What was once forest, seaward of the living woodland,
is now a rather scenic 'ghost forest.'" This half has the largest and
most extensive dune system in the Seashore. The eastern half of Shackle-
ford is much more like the rest of the Seashore islands than it is like
the western half. It is low, covered with grasslands rather than forest,
and with a single dune system along the beach. In the past this eastern
half of Shackleford was heavily forested but during the last 70 years
the woodland has been eliminated (Fig. 2). The western end of Shackle-
ford has shown a remarkable build-up of land surface into Beaufort Inlet
in recent years. Shackleford was connected to Cape Lookout by a neck
of land that was breached in the 1933 hurricane, forming Barden's Inlet.



$ray waremYaAY

J'&l-.t“ ‘ N . i

z BATIONAL

reReaT

NORTH

OVERWASH »
STUDY AREA
(CODOs CREEK)

igure 1.

Fi : CAPE LOOKOUT NATIONAL SEASHORE—

» A

s

NORTH CAROLINA Ny
MoghoTI0  sEPT. 1963 w0 ;& \'mhﬂ




a L

pos
I 4
®

o 0 w - »
<0 6\’
0‘x 1966 survey s

Figure 2. Changes on Shackleford Banks and Cape Lookout 1850-1966.
(U.S. Coast and Geodetic Survey)
' 4



Cape Lookout has a roughly triangular shape with dunes to 30 feet
high. The Cape has changed in both shape and position over the last
100 years. It has shortened and widened, swung east and then back
west, and is now growing westward, creating a large hook (Fig. 2).
The Cape has the greatest number of buildings on the Seashore except
for a fishing camp complex on Core Banks opposite Davis, N. C., and
Portsmouth Island, and is likely to receive the greatest visitor impact
in the future. The vegetation is primarily grass and shrubs; except
for several thousand pine trees planted there by local interests last
year and in times past. None are of tree size yet. Cape Lookout grades
into Core Banks, and the line of demarcation between the two is ambiguous.
Generally, we refer to the island north of the lighthouse as Core Banks.

Core Banks presents a rather uniform and monotonous structure as it
runs toward the northeast. The island is low, with a single line of
low dunes fronting on a bare berm. Behind the low dunes are bands of
grassland and then extensive salt marshes forming a fringe behind the Banks
as well as islands of variable size in the sound. In these marshes, one
gets the impression of endless wet prairies. Salt marsh shrubs,
thickets of scrub, and one relatively large stand of maritime forest
comprise the woody vegetation on Core Banks; grasslands predominate.
Core Banks is broken by Drum Inlet, about two-thirds of the way to
Portsmouth Island, opposite Atlantic, N. C. This inlet also opened in
the 1933 hurricane. North of Drum Inlet, Core Banks is narrower and has
less grassland. Dune building experiments have been done on this part
of the Seashore by the Army Corps of Engineers and North Carolina State
University (Savage and Woodhouse, 1968). Core Banks ends at Swash Inlet,
a highly fickle inlet that opens and closes unpredictably. North of
Swash Inlet, Portsmouth Island continues northeastward toward Ocracoke.
The island gradually widens north of Swash Inlet and becomes increasingly
barren. At Portsmouth Village is the widest part of the Seashore.
However, nearly all of the island, except for the village proper, is
barren, and awash at high tides. Several marsh islands exist as separate
units on the back side of the bank. Storm tides wash freely across the
island carrying sand back and forth.

A most significant feature of barrier islands is their pronounced
tendency to move, particularly by recession. This movement relates to
their origin, present circumstances, and the forces that act on them.
Two major theories on the origin of barrier islands are now being
discussed by geologists. One is the drowned beach ridge theory of Hoyt,
and the other is the spit theory proposed in the 19th century and now
supported by J. Fisher and others. Hoyt's (1967) proposal holds that
the islands originated 4000 - 5000 years ago when the rapid post-
Wisconsin sea level rise slowed down (Milliman and Emery, 1968).
Various dating techniques, primarily C-14 (Newman and Munsart, 1968),
indicate that the present barrier island system is not older than 5000
years. The slowing down of sea level rise permitted beach ridges (dune
lines) to build up along the coast that existed then. As the sea



continued its present slow rise (in the N. C. area it is about 20cm/

100 years), the low areas behind the beach ridges were flooded, creating
lagoons and an isolated series of islands (Fig. 3a). These islands were
then continuously reworked by the sea and pushed back. The distance of
the island from the mainland is related to the slope of the coastal plain.
The spit theory (Fisher, 1968) proposes that the islands are actually
elongating spits which form on the down drift side of headlands as the
sea rises (Fig. 3b). That such growth occurs is readily evident on the
north side of Drum Inlet, on the elongating hook at Cape Lookout, at

the west end of Shackleford, and from the fact that old dune lines on
Shackleford follow the same pattern as the new dunes at the end of the
island. Woodlands on Shackleford have developed on the old curving dune
lines, suggesting that Shackleford developed as a westward-growing spit.
There is ample evidence for both theories and both are apparently operating.

Dolan (pers. comm.) has pointed out that sea level change is variable
and times of rise may be followed by times of fall, with the overall
trend a general rise. Such fluctuations can result in the widening of
islands and the seaward march of forest vegetation as new dune lines
are formed when sea level drops for a period of time, followed by erosion
of the seaward side when the sea rises again. Another modification of
formation theories was proposed by J. Pierce (1964). He suggests that
Cedar Island, parts of the town of Atlantic, Harkers Island, and Shackle-
ford all formed as westward oriented !spits growing from Cape Lookout,
which he proposes has been moving southward from a starting point east
of Cedar Island. Left unexplained in this interpretation, however,
are the intervening mainland Pleistocene deposits which show no recent
oceanic activity. Nonethéless, the similarities between the sites
listed above are striking and the suggestions that they were formed in
the same manner are difficult to reject.

The 1919 theory of Johnson, which held that the islands formed as
of fshore bars, has no experimental or field evidence and is largely
unaccepted by geologists today.

These theories provide us with an excellent explanation of how
vegetation reached the barrier islands. With the Banks having been
connected to the mainland in the recent past, the vegetation we see can
be of three types: 1. relic mainland vegetation on islands not severely
modified by the sea, 2. true maritime vegetation which can develop on
barrier islands subjected to infrequent modification, and 3. maritime
vegetation adapted to the most extreme conditions of frequent modification.
All three types are represented in Carteret County, and species diversity
decreases drastically from the first type to the last. Type 1 (relic)
is well represented on Bogue Banks, particularly in the Emerald Isle
area (but is rapidly being destroyed by man), and on this stable, well
developed island Burke (1962) listed 520 species. Shackleford Banks has
the greatest variety of plant life within the Seashore and is an area of
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