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Summary

Shackleford Bank was selected for this study because of: (a) a pressing
need of ecological information before the island is developed as a part of
the Cape Lookout National Seashore; and (b) it is a convenient site for
investigating ecological processes of the maritime vegetation.

The objectives of the present study are: (a) to know the present status of
the vegetation on the island; and (b) to understand the ecological factors
determining the existence of such vegetation.

A classification of the plant communities on the island is proposed, with
a general description for each community and a vegetation map. The
successional relationship of major vegetation types is also discussed.

Geologic factors determine the unstable nature of the island and the
characteristics of the substratum. Historical factors, mainly human ac-
tivities, inflicted serious damage upon the vegetation in the past.

The general climate of the island is milder than corresponding inland
areas. Because of adequate rainfall and the even distribution of rainy days
throughout the year, no prolonged drought exists.

Although the general climate on the island is favorable for plant growth,
the microclimate of the dune environment is extreme in many aspects: high
temperature in the air as well as on the ground surface, wide temperature
fluctuation, high light intensity due to the reflective sand, low vapor
pressure deficit in the atmosphere during daytime, and active air turbu-
lence caused by a prevailing southwest sea breeze in summer. For these
reasons, only a few species with special adaptions can grow well in such
harsh dune environments.

The southwest sea wind dominates in summer, but the prevailing wind
shifts to the northwest or to the north in winter. The maximum wind
velocity is considerable and varies little in a year. More accumulated air
movement is recorded in summer than in winter on the island, possibly due
to the constant southwest winds.

The wind has manifold influences on the vegetation: (a) wind-borne salt
spray kills susceptible species growing close to the ocean; (b) abrasive sand
blast created by strong winds causes tissue wounds on plants, which
enhance the toxic effect of salt spray; (c) constant and excessive wind may
induce desiccation of leaves; (d) strong wind inflicts mechanical injury on
plants such as breaking branches or defoliation; (e) winter storms cause
salt-water erosion and flooding to the strand vegetation; and (f) shifting
sands caused by wind bury and destroy all vegetation in their way.

Although measurable sand movement was detected after a year on a
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dune transect, sand encroachment upon the forest has subsided and is not
an imminent threat to the forest in a normal year. The amount of sand
movement depends on the vegetational cover rather than the distance from
the ocean.

The soils on the island have developed from medium to coarse sand and
thus are well drained. The soil surface dries quickly after a rain, but ample
water is always present in the subsurface layers. The soil developed on the
fore dunes is characterized by coarser texture and a large amount of shell
fragments. No appreciable amount of salt can be detected in dune soils.
However, there is a trend of decrease in pH further away from the ocean.

The organic matter in soils varies from a rich 5% by oven-dry weight of
maritime forest to less than 0.01% on the fore dunes. Dune soils are also
low in nitrogen and phosphorus components. The accumulation of humus
in such sandy soils is extremely slow, with no improvement in the soil
structure.

A comparison between the soils on the island and inland Sandhills soils
reveals a richer calcium and magnesium content in the former, possibly
due to the marine origin of the coastal soils. The discrepancy in chemical
properties of soils is suggested as an explanation for the absence of the
Sandhills species and the disjunct distribution of red cedar (Juniperus
virginiana) which is absent from the Sandhills.

Topography is regarded as an important environmental factor because of
its effects on the gradients of other factors.

Livestock have done considerable damage to the vegetation on the
island.

Measurements of water potential of 16 species show that they do not
develop as high a water stress as that of either xerophytes or halophytes. A
lower water potential is generally detected among tree species in the
afternoon. Dune species under study also show some drought resistance.

The xeromorphic characteristics among dune species are due to the high
stress of evapotranspiration in the air rather than the lack of water supply in
the soil. Coastal dune species thus should not be considered as xerophytes
in the same sense as those occurring in deserts.

Plants of dune species growing close to the ocean are generally tolerant
to salt spray, but not to salt water in the soil. Hence, they cannot be
classified as halophytes.

Complete nutrient solution greatly enhances the growth of dune plants.
Low fertility of dune soil may be a limiting factor and explain the open
vegetation on the dunes.

In addition to salt spray, the chemical properties of soil and lower limit
of temperature are proposed to be effective in determining the distribution
of live oak (Quercus virginiana).

Itis concluded that no single factor can explain satisfactorily the occurr-
ence of coastal vegetation. The present status of such diversified maritime
vegetation on the island is the result of the interactions among various
environmental, biotic, geologic, and historic factors.
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Introduction

Shackleford Bank, located approximately at mid-point of the North Carolina coast (Fig.
1), is one small section of a chain of barrier islands (Price 1951) bordering the southeast-
ern United States. These barrier islands or offshore sand bars, separated from the main-
land by shallow sounds and extending from Cape Henry, Va., to Bogue Inlet, N.C., are
locally called Outer Banks.

Shackleford Bank is east-west oriented, almost 9 miles (14.5 km) long, 0.20-0.65 mile
(0.3-1.0 km) in width, and has a total area of 2280 acres [923 hectares (ha)]. It is separated
from Cape Lookout at its eastern end by Barden Inlet and from Bogue Banks at the
western end by Beaufort Inlet and is bounded by Back Sound on the north and the Atlantic
Ocean on the south.

The island has been relatively undisturbed by people during the last 60 years due to its
geographical isolation. Two miles of water (Back Sound) separate the island from the
nearest residential areas, Harkers Island and the town of Beaufort. All means of public
transportation are lacking. The prevailing onshore wind and occasional hurricanes pro-
duce a unique and peculiarly insular vegetation. For as long as it retains its remoteness and
wilderness, Shackleford Bank will provide ecologists with an extremely valuable location
for continued study of maritime vegetation.

A half century ago the vegetation of Shackleford Bank was described in detail by Lewis
(1917). Since then, except for a brief description of Engels (1952), no vegetational survey
has been done, to say nothing about the inquiry of ecological processes on the island.
Since the vegetation could have changed a great deal in the ensuing 50 years due to its
unstable environment, a new appraisal of the vegetation and the flora seemed desirable.
Moreover, since it is planned for Shackleford Bank to be a part of a National Seashore
Recreation Area in the near future, it could be subject to extensive use by the public.
Therefore, there is a pressing need for a comprehensive ecological survey before the
possibility of an acute disturbance. Accordingly, the objectives of the present study are,
first, to investigate the structure of the vegetation as well as the flora on the island; second,
to measure several of the most important environmental factors; and, finally, to measure
plant responses both in the field and by controlled experiments.

To provide a predevelopment record of Shackleford Bank, a detailed vegetation map
was prepared with: (1) a classification of plant communities; (2) a list of vascular plants,
bryophytes, and lichens collected on the island; and (3) a description of plant com-
munities. To understand the environment-vegetation complex, the general climate of the
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Fig. 1. Outer Banks photographed from Apollo 9 showing the location of Shackleford Bank, with
inserted index map from Fisher (1967).

area, the striking wind, and edaphic factors were investigated in detail. Also, plant
response to drought stress, to salt water and salt spray, and to the nutrients in the
substratum were investigated. Hopefully, we will gain a better ecological understanding
of the island, one that will be useful in any land management plan. Furthermore, we may
acquire some knowledge of how complex environmental factors operate together to define
the characteristics of plant communities on the coast. Since the interaction of the various
factors is exceedingly complex, this study can only draw attention to several of the

principal environmental factors influencing maritime vegetation and thereby provide a
basis for future studies.
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Literature Review

Though a large number of publications concerning the sand-strand vegetation and
maritime forest of the eastern United States has been published, Qosting’s (1954) excellent
review summarized our knowledge of coastal ecology up to that time. Thus, this informa-
tion need not be duplicated here. This book is confined principally to more recent develop-
ments, particularly those concerning North Carolina.

Just a year after Cowles’ (1899) classic papers on sand-dune ecology at Lake Michigan,
Kearney (1900) published a detailed account of the strand vegetation on Ocracoke Island.
He presented a system for classifying strand vegetation, discussions of environmental
parameters, and notes on the anatomy of some strand species. Johnson (1900) described
briefly the flora in the vicinity of Beaufort and Lewis (1917) gave a comprehensive
description of the vegetation on Shackleford Bank. Coker (1918) visited Smith Island and
noted the northernmost limit of cabbage palmetto (Sabal palmetto).

Wells and Shunk (1937) recognized that the flag form of seaside shrubs and trees is due to
the killing effect of wind-borne salt spray to the growing shoots. They (1938) further
emphasized that the salt spray is the most important factor in determining the distinctive
composition and succession of the dune community. Wells (1939) explained the live oak
forest of Smith Island on the basis of tolerance to salt spray and called the forest the ‘*salt
spray climax.”

By means of cheese-cloth traps, Oosting and Billings (1942) measured wind-borne salt
spray on the dunes at Fort Macon and noticed the correlation between the intensity of salt
spray and the zonation of dune grasses. This was checked experimentally by spraying potted
plants of these grasses with sea water. No significant correlations could be detected with
regard to soil moisture, soil temperature, soil pH, air temperature, relative humidity,
evaporation, and soil salinity. Oosting (1945) further tested the tolerance of strand plants
with artificial salt spray and observed again that they are relatively tolerant to salt spray.
Boyce (1954) demonstrated clearly the source, the distribution, and the physiological
effects of salt spray on some species. By that time, salt spray as the most effective factor for
limiting the distribution of strand plants growing close to the ocean was well established and
commonly accepted. However, it has not been demonstrated that salt spray is equally
important in limiting the distribution of tree species in the maritime forest.

Engels, in the course of investigating the vertebrate fauna of Ocracoke Island (1942) and
Shackleford Bank (1952), described briefly the vegetation of those two areas. He (1952)
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discussed the paths of hurricanes and their damaging aftermath on Shackleford Bank.
Rondthaler (1952) also studied the vegetation and flora of Ocracoke Island. More recently,
the vegetation and flora of the Outer Banks were described by Brown (1959). Bourdeau and
Oosting (1959) carried out a phytosociological study of live oak forest in North Carolina
with description and measurements of edaphic factors. Burk (1962) collected specimens
extensively on the northern sections of the Outer Banks. The only comprehensive
autecology of sea oats (Uniola paniculata) was studied by Wagner (1964), who investigated
its life cycle and determined how the species is instrumental in the formation and mainte-
nance of dunes.

Other papers dealing with the strand vegetation outside North Carolina but on the East
Coast were published by Davis (1942), by Kurz (1942) and Laessle and Monk (1961) for
Florida, by Martin (1959) for New Jersey, and by Egler (1942) for Cape Henry, Va. As a
whole, more coastal studies have been done in North Carolina than in any other eastern
state. Also, far more papers have been published concerning coastal vegetation on the East
Coast than on the West Coast of the United States. Of the latter, the investigations of
Olsson-Seffer (1908, 1909a, b), Ramaley (1918), and Purer (1936) are representative.

Early research on dune communities in Britain was carried out by Oliver (1912), Farrow
(1919), Salisbury (1922, 1925), and Rempel (1936). After World War II, the dune
community received much attention from British ecologists, notably Gimingham (1951),
Robertson and Gimingham (1951), Salisbury (1952), Gillham (1953, 1957), Gorham
(1958, 1961), Ranwell (1958, 1959, 1960), Willis et al. (1959a, b), Wilson (1960), Willis
and Yemm (1961), Willis (1963, 1965), Scott (1965), and Etherington (1967). They
commonly emphasized the important roles of edaphic factors and sand movement. Until
recently, only one paper concerning the effects of salt spray on the vegetation in Britain has
been published (Edwards and Holmes 1968), although the measurement of salt spray was
reported by Edwards and Claxton (1964) and Rutter and Edwards (1968).

A large amount of research on dunes and maritime forest has been done by Japanese
ecologists such as Numata et al. (1948), Numata and Nobuhara (1952), Tsuda (1961),
Nobuhara et al. (1962), Nobuhara and Toyohara (1964), Saito et al. (1965), and Mitsudera
etal. (1965). Their approaches generally followed those of American ecologists in attention
paid to the damaging effects of salt spray and sand movement on the dune community.
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Description of the Area

Geology

The geological origin of Shackleford Bank is a relatively recent one. Milliman and Emery
(1968) stated that the sea level was approximately at the present level about 30,000 to
35,000 years ago during the last interglacial stage. Due to the subsequent growth of the
glaciers, the mean sea level was lowered to about —130 m at the climax of the Wisconsin
regression which occurred about 16,000 years ago. According to Richards (1950), the
shoreline was then some 90 miles east of the present beach. Milliman and Emery (1968)
suggested that Holocene transgression probably began about 14,000 years ago. For the next
7000 years the sea level rose rapidly as the ice sheets melted. Thereafter, the rise was more
gradual and the shoreline advanced to its present position. From the evidence of old sod and
stumps along the coast, Richards (1950) believed that the sea level is probably still rising but
at an almost imperceptible rate.

Johnson (1919) proposed a classical theory concerning the formation of the Outer Banks
in terms of two stages. In the early stage, sea-water encroachment eroded the sea bottom by
means of onshore waves. These eroded materials were deposited locally to form offshore
submarine sand bars. Subsequently, through deposition of materials by longshore currents,
a chain of barrier islands was built, largely of loose sand and, of course, totally barren on
emergence. The theory has been questioned by recent coastal geologists. Fisher (1967)
discussed in detail the arguments against the submarine origin of the Outer Banks. How-
ever, Johnson (1956) and Shepard (1963) indicated the possibility of an offshore supply of
beach sand due to wave action.

The beach erosion study (U.S. Congress 1948) reported that 6 miles of the shoreline of
Shackleford Bank has retrograded an average of 1.55 ft (45 cm) per year and another mile
has prograded 0.24 ft (7 cm) per year. Engels (1952), from the comparison of the U.S. Coast
and Geodetic Survey maps of 1851-53 and 1949, discerned that the ocean beach of
Shackleford Bank has moved northward (landward) from 40 to 150 yards (37-137 m) along
virtually its entire length. However, the inner beach did not have a comparable landward
movement as Johnson (1919) had proposed. Similarly, Pierce (1964), from a comparison of
the U.S. Coast and Geodetic Survey charts of Core Banks from 1856 to 1957, found a
general shoreward movement of the coastline and he confirmed such long-term coastal
changes with data obtained from borings. He also discovered that most of the sediment
supplied to the barrier islands is coming from the north as longshore drift.

Recently, a new hypothesis concerning the origin of the Outer Banks was proposed by
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Fisher (1967). The Outer Banks are considered to have developed primarily as distal
prograding spits beginning 5000-7000 years ago when the sea level was stillstand. Since
that time, the sea level has fluctuated no more than 6 m around mean high tide. The
fluctuation even diminished to less than 1 m about 3750 years ago. The migration and
growth of these coast-parallel spits were the result of a dominant longshore movement from
north to south and the reworking of the near-shore bottom material. No new offshore
material is now available and barriers are undergoing worldwide erosion. Fisher (1967)
further suggested that the age of Cape Hatteras is about 1200 years and the age of the Outer
Banks is probably double that, i.e., about 2400 years. Since this recent hypothesis is based
onintensive field studies, it probably represents a more accurate account of the formation of
the Outer Banks.

Recent History

During the past century, Shackleford Bank has received more than its share of both
biological and physical abuse. The island was almost completely covered by forest until at
least 1853, according to the U.S. Coast and Geodetic Survey map. It was quite suitable for
human habitation and hence was one of the earliest settled areas on the Outer Banks.
According to Lewis (1917), former inhabitants remembered that it was ‘‘possible to sit in a
tree and cast a fishing line into the water,”” demonstrating the closeness of the forest to the
ocean. According to Stick (1958), the first permanent house was built in the 1760s. By
1885, about 600 people lived on the island. There were 500 residents of Diamond City,
which is situated at the eastern end of the Bank near Cape Lookout on Core Banks. The
population made its livelihood primarily from whaling and fishing. However, due to the
intrinsic nature of human inhabitancy, such as cutting trees for homes and ship building,
burning for cultivation, and raising livestock, the once luxuriant woodland vegetation
gradually degenerated and dwindled away.

In August 1899, a severe hurricane struck the island. The sea level rose so high that the
sea covered most of the island and killed most of the remaining forest. Having found the
island to be unsafe, the islanders emigrated and most of them settled on Harkers Island
across Back Sound. Within 3 years, Shackleford Bank was completely deserted. Because of
the lack of vegetational cover, successive storms moved the loose sand from the ocean side
across the island. As the sand moved, it covered dead and live trees in its path, and only dead
trees remained when the sand dunes moved on. Lewis (1917) estimated that the sand wall
was advancing at a rate of 4-12 ft (1.2-4.0 m) per year. Uncovered tree skeletons make up a
unique scenery—"‘ghost trees’” or **graveyard forest’’—on the Outer Banks. Today, there
are no permanent residents and less than 5% of the island is covered by forest.

Physiography

Although Shackleford Bank scarcely exceeds 2000 acres (810 ha), considerable diversity
in plant habitats can be found — from the driest dunes to the wettest fresh marshes and ponds
— depending on the closeness of ground surface to the water table. Nevertheless, only three

major types of vegetation are here recognized: the woodland, the grassland, and the
marshland.
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Plate 1

(1) Outer beach: wide and barren, with abundant shell fragments; (2) Embryonic dunes developed on
newly deposited land at the western end of the island; (3) Heavy salt spray moistening the leaves of sea
oats at the windward side of fore dunes (visible as reflective white area on leaves); (4) Massive root
system of sea oats is an excellent sand binder; (5) Sorting effect of wind on sand particles. Notice darker
colored (coarser) particles in the trough and white (finer) particles on the slopes of the fore dunes; (6)
Uncovered formerly buried forest, south of Mullet Pond; (7) Grassy dunes on the western half of the
island; (8) **Ghost trees’'—remaining skeletons of red cedar.
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Plate I

(9) A dune marsh (formed by ‘‘blow-outs’’) during dry period; (/0) Same dune marsh with a
temporary freshwater pond, formed after prolonged rain; (//) Sand wall, a contact zone of the grassy
dunes and maritime forest, is actually the lee slopes of the rear dunes; (/2) Another view of the sand
wall; (/3) Goats, the most destructive mammal on the island, roaming along the sand wall; (/4) Sheep
grazing on the back of the rear dunes; (/5) Animal path extending from the sand wall to the forest. The
activities of goats and sheep apparently accelerate sand invasion to the forest; (/6) Inner beach at low
tide.
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Plate III

(17) Maritime forest, with Spanish moss hanging on the branches of live oak; (/8) Another view of
maritime forest (the picture is orientated sideways); (/9) A flag-form red cedar, caused by wind-borne
salt spray as well as sand blasting; (20) A wet thicket behind rear dunes, with abundant climbing vines;
(21)Juniperus-Myrica scrub flat, a successional stage leading to maritime forest; (22) Inner beach. At
this particular location, 10 ft of maritime forest have been undercut by wave erosion in the winter of
1967-1968. The standing dead tree in the distance was killed by sea water; (23) A stand of Juncus
roemerianus on the grassy sand flat; (24) The winter aspect of grassy sand flat with Spartina patens as
dominant. Cows graze on the grasses in the distance.
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Plate IV

(25) Mullet Pond, the largest freshwater pond on the island, with Typha marsh on the far side and
Hydrocotyle bonariensis covering the foreground; (26) Dune marsh in close-up; (27) Cladium stand of
a freshwater marsh; (28) A wet depression on grassy sand flat with many hydrophytic species; (29)
Horses grazing on salt marsh (Spartina alterniflora) at the sound side of the island; (30) Creek marsh,
with Distichlis spicata at the right foreground, Spartina alterniflora on left midground, and Juncus
roemerianus in front of maritime forest in the distance.
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The general features of the vegetation and topography of the island are illustrated by two
transects in Fig. 2.

At the western third of the island, as depicted in the upper transect, the sequence of
physiographic pictures from ocean to sound is: a wide and bare outer beach (PI. I-1); fore
dunes; occasional patches of grassy flat; dunes proper (PI. I-7); rear dunes; a narrow belt of
marsh-like depressions; maritime forest (PI. III-17, 18) with intra- or inter-forest marshes;
and a narrow inner beach (PI. 1I-16). There is generally a fairly sharp transition from one
type of vegetation to another.

The outer beach and possibly the fore dunes are subject to occasional inundation during
storms. Behind the fore dunes, occasionally one can find small depression areas called
“‘slacks’” or ‘*swales’’ where the ground water approaches the surface of the sand and often
forms a temporary shallow pond after heavy rains. Storm waves also find their way between

)

the fore dunes to the rear ‘‘slacks,”” which are flooded in times of heavy storms.

The dunes proper are a series of irregular grassy ridges running soundward (northward)
with increasing elevation, primarily colonized by sea oats. Here and there appear *‘ghost
trees” (Pl. 1-8) — the uncovered skeletons of red cedar. The dunes, under the constant
impact of wind, are continually changing their shape, particularly in areas lacking vegeta-
tional cover. Hollows or ‘‘blow-outs’’ are produced by wind erosion and some of these
depressions become dune marshes (P1. 1V-26) while others are just exposed, bare sand flats.
As a result of heavy rainfall, the hollows become temporary ponds (Pl. 11-9, 10). The
topography becomes more stable as one approaches the rear dunes.

The highest land on the island is represented by the rear dunes, usually about 30-40 ft
(10-13 m) above sea level. The soundward slope of the rear dunes is called the ‘‘sand wall”’
(PL. II-11, 12), occasionally possessing a 20-30° inclination on some steeper slopes. The
sand wall is slowly advancing in a few places, mainly along the larger animal trails (PI.
I1-15) where tongues of sand advance from the sand wall to the forest. Behind the rear dunes
in this portion of the island, there is a marshy belt about 10-30 ft (3-10 m) wide.

The rest of this section is covered partly by woodland vegetation, varying from very
dense maritime forest to dwarf dry thickets, and partly by fresh marshes (Pl. 1V-25),
brackish marshes, and creek marshes (Pl. IV-30). Though the original forest cover of the
island has been largely destroyed, the forest remnant confined here represents a good
example of the distinctive maritime forest of the southern Atlantic coast. Marshes are
distributed between thickets or on the soundward side of the forest. Also, wherever the
ground surface approaches or is lower than the water table inside the forest, wet thicket (PI.
111-20) or fresh marsh (Pl. 1V-27) is formed. As a result, maritime forest, thickets, and
marshes compose an intricate vegetational pattern.

The inner beach is much narrower than the outer beach. Although the water of Back
Sound is generally calm during the summer, the north to northeastern winds in winter create
forceful waves which undercut the beach at places and wash out dead trees killed by salt
water (Pl. 11I-22). This erosion process apparently occurs every winter and consequently
produces an unstable inner beach in certain locations. During the winter of 1967-68, 1
observed that 10 ft (3 m) of maritime forest at one location were lost through wave erosion.

Another area deserving specific mention is the western end of the island to which 150
acres (60 ha) of land have been added in the past 10 years (1956-66). The newly added
portion is basically a loose, sandy waste but small dunes have recently appeared (PI. 1-2).
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The physiographic appearance of the eastern two-thirds of the island is much simpler, as
shown in the lower transect of Fig. 2. Here, salt marsh (Pl. 1V-29) substitutes for inner
beach bordering the sound. A slightly elevated, grassy sand flat (PI. I11-23, 24) or meadow
occupies most of the area instead of woodland or dunes, and low grassy dunes less than 10 ft
(3 m) in height rise along the ocean front. Scattered on the grassy flat behind the low fore
dunes are a few shallow depressed areas (Pl. IV-28) on which numerous hydrophytic
species thrive. Except for several stumps in one small area, all traces of the previous forest
have vanished from the eastern two-thirds of the island.
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Flora and Vegetation

Flora

A full list of all plants collected on the island by me as well as by W. R. Anderson and R.
L. Wilbur is appended. The specimens are deposited in the herbarium of Duke University.

For vascular plants, the nomenclature of Guide to the Vascular Flora of the Carolinas
(Radford et al. 1964) is followed except where another authority is cited. The nomenclature
for mosses, liverworts, and lichens is based on A4 List of the Mosses of North America (Crum
et al. 1965), List of Hepaticae Found in the United States, Canada, and Arctic America
(Evans 1940), and A Third Checklist of the Lichens of the Continental United States and
Canada (Hale and Culberson 1966), respectively.

The scientific-common name index was compiled from Gray's Manual of Botany
(Fernald 1950), the author’s list appended, and The Lichen Book (Nearing 1962).

Due to diverse physiographic features, 281 species and varieties of vascular plants
belonging to 83 families, 14 species of mosses, 2 species of liverworts, and 21 species of
lichens (foliose and fruticose) have been collected on the island. The number of vascular
plants is relatively large as compared with other areas on the Outer Banks; Kearney (1900)
recognized 135 species on Ocracoke, N.C., and Harshberger (1900) observed 228 species
in the New Jersey strand flora. Small and Martin (1958) reported 267 species of vascular
plants representing 63 families at Island Beach State Park, N.J. — a peninsula of almost the
same size (2300 acres) as Shackleford Bank (2280 acres).

Lewis (1917) listed 241 species of vascular plants in his paper. In the present checklist
there are 87 species of vascular plants not found or recognized by Lewis, while 47 species in
Lewis’ list were not found in this study. By applying Jaccard’s (1912) formula for the

community coefficient ( = 100, w is the number of species on both checklists, a is

2w

a +B
the number of species in the old checklist, and b is the number of species in the present
checklist), a coefficient of 74.3 is obtained. In other words, there is about 74% similarity
between these two checklists. Some species listed in Lewis’ paper appear to be misiden-
tified, and the present checklist is based on a more thorough opportunity for collecting
specimens. Nevertheless, the coefficient of 74 may indicate that the flora of the island has
undergone some change in the past 50 years under relatively unstable environmental
conditions. Consequently, the appended checklist will serve as a background against which
future changes may be viewed.
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Vegetation
Vegetation map

The base map was obtained by tracing the outline of a series of serial photographs of
1:7920 scale taken in 1964. Though major vegetation types could be recognized from the
aerial photographs, the validity of lines from tracing and various plant communities were
checked and defined by personal reconnaissance in the field as well as color aerial
photographs taken by the author.

Classification of plant communities

Detailed classifications of strand vegetation on the Outer Banks of North Carolina have
been proposed by Kearney (1900) on Ocracoke, by Lewis (1917) on Shackleford Bank, by
Rondthaler (1952) on Ocracoke, and by Brown (1959) on the Outer Banks in general. Their
systems of classification are listed as follows in comparison with a new system that 1
proposed.

Kearney (1900):

I. Sand strand vegetation
1. Treeless (open)
a) Beach formation
b) Dune formation
2. Evergreen trees and shrubs
a) Tree formation
b) Thicket formation
II.  Salt marsh vegetation
1. Creek marsh (close) formation
2. Dune marsh formation
3. Tidal flat (open) formation
III.  Pastures and ruderal plants
IV. Cultivated plants

Lewis (1917)

I. Sand strand vegetation
1. Treeless (open)
a) Inner beach formation
b) Outer beach formation
¢) Dune formation
2. Trees and shrubs (closed)
a) Thicket formation
b) Thicket woodland formation
¢) Woodland formation
II. Marsh vegetation
1. Salt marsh formation (closed)
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Rondthaler (1952)

II.

I11.
Brown (1959)

III.

Au (1968)

II.

2. Creek marsh formation (closed)

3. Dune marsh formation

4. Tidal flat formation (closed)

Sand strand vegetation
1. Fore dune

2. Beach proper

3. Back of the beach
4. Dune

5. Thicket and woodland
Marsh vegetation

1. Salt marsh

2. Creek marsh

3. Tidal marsh
Roadside and field

Sea beach
Dunes
1. Live dunes
2. Grass-covered
3. Wooded
Sand flats
1. Interdunal, restricted
2. Open
a. Dry
b. Moist
a. Freshwater
b. Brackish to saline
Tidal marshes
Ponds

Grassland vegetation
1. Outer beach
2. Inner beach
3. Grassy dunes
4. Grassy sand flat
Woodland vegetation
1. Forest
2. Thicket

a. Dry thicket
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b. Wet thicket
3. Scrub flat
III. Marshland vegetation
1. Freshwater to brackish marsh
a. Dune marsh
b. Freshwater marsh
c. Brackish marsh (converted saline marsh)
2. Creek marsh
3. Salt marsh

Description of plant communities

Principal plant communities in each type of vegetation are named according to their
dominant species. The number after each community indicates its locations on the vegeta-
tion map (Fig. 3, located at the back of the book). In fact, the plant communities which
belong to the same vegetation type are alike in physiognomy, species composition, and
habitats. The only difference among them is a shifting in importance of the dominant
species.

I. Grassland vegetation

Outer beach: Spurge (Euphorbia maculata) and spike grass (Uniola laxa) community (1).
Itis typically a flat and barren sandy waste above the mean high-tide line (PI. I-1), about 30
m wide, covered with an abundance of large shell fragments deposited by occasional floods
during winter storms. Very little vegetation occurs on the drifting sands except for a few
small clumps of sea oats which build up incipient dunelets, and sparsely scattered individu-
als of seaside spurge (Euphorbia polygonifolia). The latter is, in fact, the species occurring
nearest to the sea. It may be aided in its adaptation to salt spray by its prostrate growth form.
Other species found here are sea rocket (Cakile edentula), common saltwort (Salsola kali),
and seabeach amaranth (Amaranthus pumilus). As a whole, the vegetation of the outer
beach is exceedingly sparse.

Inner beach: Cordgrass (Spartina), spike grass, and water pennywort (Hydrocotyle)
community (2). Between the mean high-tide line and the grassy dunes or maritime forest on
the sound side is a narrow strip of inner beach which is also largely barren (PI. I1I-22). Here,
the more common species are saltmeadow cordgrass (Spartina patens), sea oats, silver-leaf
croton (Croton punctatus), and seaside pennywort (Hydrocotyle bonariensis). Other
species frequently found are seabeach evening primrose (Oenothera humifusa), sandspur
(Cenchrus tribuloides), ground cherry (Physalis maritima), horseweed (Conyza canaden-
sis), and smartweed (Polygonum glaucum). Common saltwort grows occasionally in
abundance along the upper edge of the inner beach. Very close to the water is sea beach
orach (Atriplex arenaria), a species which withstands temporary submergence and thus is
one of the strand’s most halophytic species.

Grassy dunes: Spike grass, beardgrass (Andropogon), and croton (Crotongglandulosus)
community (5). The dune environment presents one of the most unstable plant habitats. Sea
oats, a successful dune builder and stabilizer, occupies more than 90% of the vegetated dune
area (Pl. 1-7). Secondary components are dune bluestem (Andropogon littoralis),






