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Executive Summary

Maritime forests can be defined as the woody plant communities that develop as an end result of
primary succession on coastal barrier islands. Maritime forests generally develop on stabilized dune
systems located on the sound-side of islands whose width, topography and crientation provide
sufficient protection from storm exposure. Maritime forests are composed of a unique assemblage
of species adapted to survive and reproduce under the harsh conditions associated with a coastal
barrier system such as: salt spray, wind shear, nutrient poor soils and low water availability.

From early native American settlements to current condominium construction, maritime forests
along the North Carolina coast have experienced centuries of use and abuse by man. Today, these
unique forests are virtually gone and what remain are a series of isolated tracts, encroached upon
yearly by an ever increasing tide of coastal development. As presented in this report, there are less
than 25 large maritime forest sites (i.e., greater than 20 acres) remaining on the barrier islands (sce
Fig. 1}. Il we exclude northern Currituck Banks (5,000 acres of indiscrete sound side forest fringe)
these sites total less than 7000 acres. Of these sites, 18 are partially or entirely in private ownership
(see Appendix B). Given the current rate of barrier island development, most of this privately
owned forest will be destroyed or significantly altered within the next decade. The goal of this
report is 10 provide the information necessary to allow future management decisions 10 be made on a
scientifically sound and comprehensive basis so that maritime forests can be conserved as part of our
coastal heritage.

This report represents the first assessment of what remains of the maritime forest ecosystem in
North Carolina. A total of 24 forest areas were surveyed on 16 barrier islands in North Carolina (see
Fig. 1). Potentially forested areas were first identified from large-scale acrial photos. Field trips
were then made to each of these areas to verify the existence of intact forests, Each site was
described from an ecological standpoint, surrounding land uses were recorded and boundaries of the
intact forest arcas were delineated. Tax records were then used to compile a list of landowner names
and addresses, as well as acreages for each surveyed parcel.

General information concerning the history of forest use on different islands was obtained from
the literature, town halls, and personal communications, and is described in the forest sile
summaries. In addition to an inventory of specific forest tracts, this report also contains a general
review of the ecology, conservation biology, and current management of maritime forests in this
state.

One of the important facts we are only now beginning to realize about maritime forests is that
they are particularly susceptible 1o the deteriorating effects of fragmentation. This is largely due 10
the severe environmental conditions under which they exist. Patches of maritime forests that are left
in areas that have been partially cleared for development, rapidly deteriorate due to the sudden
exposure 1o sall spray, wind shear, alticred drainage, the invasion of weedy species and other factors.
This deterioration siarts at the forest edges and works inward. Substantially larger areas than one
would normally leave inland, must be left intact during development if the ecological integrity of a
maritime forest stand is to be maintained.



One result of fragmentation is the loss of continvity with other forest areas and with other habitatl
types. This is a critical loss to animnal species that depend on the mainienance of forest transition
areas for their survival. Fragmentation isolates forest populations by resticting dispersal and
preventing gene flow. This can ultimately lead to increased homozygosity and a build-up of lethal
recessive genes within a population.

By being located on islands, maritime forests are already isolated 1o a certain degree.
Fragmentation dramatically compounds the ecological effect of this isolation by essentially creating
islands of forest within islands. The greater the density of development allowed, the more the forest
will become fragmented. There is a minimal area at which a forest fragment is still capable of
maintaining itself in terms of seedling recruitment into the canopy population. There is also a
minimum area which will support the same number of plant and animal species as would a
comparable area of undisturbed forest. Below this minimum size, species will be lost, and those still
present may no longer be capable of replacing themselves. The loss of species and individuals will
continue until the forest fragment no longer retains any of its original character.

Unfortunately this theoretical "minimum area” is site specific and depends upon a variety of
environmental conditions. Since in practical ierms it is ofien necessary to specify an ecologically
sound minimum area, il is best 1o err on the safe side and allow a very wide margin of buffer
between clearings. As a rule, lot sizes of 80,000 sq. ft. should be considered a lower limit in any
maritime forest site.

Forest clearing and filling of wetlands can alter the hydrology of a maritime forest and even the
hydrology of an entire island. Maritime forests serve to protect and recharge freshwater aquifers that
develop within barrier islands. These aquifers are often the sole source of fresh water for the
inhabitats of an island and so their protection is vital.

Maritime forests can and should be managed in a manner that avoids or minimizes harmful
impacts to the ecosystem. This protection can be acheived through the implementation of one or a
combination of the following measures:

1. Preservation through public acquisition (federal, state, or local government) or by
conservation organizations.

2. Enforcement of existing federal and state environmental regulations.

3. Resource management through designation as an Area of Environmental Concemn (AEC) by
the N.C. Coastal Resources Commission.

4, Resource management through local government zoning,

5. Conservation through development policies and land classifications prescribed in the local
land vse plan.

6. Conservation through landowner’s voluntary protection. (Possible registration with the NC
Natural Heritage Program as a prolected natural area.)
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This report reviews the current and potential effectiveness of these measures. It was generally found
that federal and local measures are inadequate and that the greatest level of future protection for
maritime forests lies at the state level,

There is a clear mandate implicit in the North Carolina Coastal Area Management Act (CAMA) -
of 1974 (N.C.G.S. 113A-100 et seq.) for the protection of maritime forest resources, State
protection for maritime forests would be available if the N.C. Coastal Resources Commision (CRC)
were to designate maritime forests as "areas of environmental concern” (AECs). CAMA authorizes
the CRC 1o manage development in AECs by requiring that development within these areas be
consistent with standards designed 1o protect critical coastat resources. While we have general AEC
categories covering the estuarine system, public trust waters and beaches, there is currently no
uniform category regulating development in the maritime forest ecosystem, even though itis a
important component of the barrier dune system as specifically covered under CAMA,

The CRC could decide to create a new maritime forest AEC category and establish management
objectives and generat use standards for new development proposed within the AEC. This would be
a preferred option over the designation of specific areas on an independent basis, since a set of
uniform state standards would provide the most comprehensive regulation and would the most fair
since since no one forest arca would be treated differently from another.

‘We are at a critical juncture in the fate of maritime forests in North Carolina. Major changes in
policy need to be made soon to prevent the loss of this unique ecosystem. It is highly recommended
that the following actions be taken towards maritime forest protection and preservation in this state:

1. Development of maritime forests should be slowed down; uniform standards should be
imposed on a state-wide basis to insure adequate protection. Area of Environmental
Concermn status, such as has been given to salt marshes and other imporiant natural systems,
should also be applied to the maritime forest ecosystem as a whole (as delineated in this
report).

2. Current and future regulations need to be more rigorous with regard 10 the conservation of
maritime forests. Regulations, whether they be local development standards, AEC use
standards or Comps 404 wetland regulations, should be strictly enforced.

3. Attempts should be made at the state and federal level to purchase priority forest arcas (Sce
Appendix B). Those sites with the highest habitat diversity and largest size should be the
initial focus of this drive.

4. Future research in maritime forests needs to be encouraged; public awareness and education
programs are needed to convey the importance of maritime forests as an essential part of the
barrier island environment and as a unique component of our coastal heritage.
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EREFACE

In the 16th century when European explorers first set foot
on what is now the North Carclina coast, the forests they
initially encountered were the magnificent maritime forests of
the coastal barrier islands. These original forests, composed of
enormous spreading live oaks and red cedars, had served as
traditional Native American hunting grounds for thousands of
years prior to the advent of Europeans. It was within the
protective cover of the maritime forests that the historic towns
of Buxton, Ocracoke, Portsmouth and Diamond City developed and
flourished during the 18th and 19th centuries. In the second
half of the 20th century, it was the stable maritime forest areas
that provided the alternative sites for vacation homes,
condominiums, and shopping malls when the prime beach-front real
estate had been developed or had eroded away. Today, after
centuries of use and abuse by man, the maritime forests are
virtually gone. What remain are a series of isolated tracts that
are being encroached upon yearly by an ever increasing tide of
coastal development. The continued existence of the maritime
forest ecosystem in North Carolina (and along the rest of the
U.S. Atlantic Coast) is in question and management decisions made
over the next several years will be critical in the determination
of its fate.

It is the intent of this report to provide the information
necessary to allow these management decisions to be made on a
scientifically sound and comprehensive basis. This report
represents the first assessment of what remains of the maritime
forest ecosystem in North Carolina. In addition to an inventory
of specific forest tracts, this report contains a general review
of the ecology and current management of maritime forests in this
state. It is our hope that this report will serxve not only as a
catalyst for additional studies of maritime forests; but that it
will provide the foundation for a new set of uniform policies and
protective measures designed to insure the preservation of this
uniqgue part of our coastal heritage.

The authors wish to thank the following individuals and
organizations for their support and assistance in making this
study possible: Alan Weakley and Michael Schafale, North
Carolina Natural Heritage Program; Kent Turner, Cape Hatteras
National Seashore; Bill Brooks, The Bald Head Island Conservancy;
Henrietta List, Nags Head Woods Ecological Preserve, The North
Carolina Nature Conservancy; John O. Fussell III, Environmental
Consultant; Letha Baucom and Daisy Smith Moore, Swansboro
Historical Society; Duke University Marine Laboratory; North
Carolina Department of Natural Resources and Community
Development, Division of Coastal Management.
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I. The Ecology of North Carolina Maritime Forests
Introduction

Maritime forests are the woody plant communities that
develop as an end result of primary succession on coastal dune
systems. Maritime forests, unlike inland forests, develop
adjacent to and under the influence of an oceanic exposure. 1In
North Carolina, maritime forests are generally restricted to the
coastal barrier islands. However, not all barrier islands have
maritime forests. Maritime forests generally develop on
stabilized dune systems located on the sound-side of islands
whose width, topography and orientation provide sufficient
protection from storm exposure (Bourdeau and Oosting 1959).
Maritime forests are composed of a unique assemblage of species
adapted to survive and reproduce under the harsh conditions
associated with a coastal barrier system. These conditions
include salt spray, wind shear, nutrient poor soils and low water
availability (Barbour et al. 1985).

There is considerable variation in species composition and
abundance within a given forest area on an island and among
forests of different islands. 1In general, maritime forests in
North Carolina represent a floristic transition between the
subtropical, broad-leaf evergreen species of the southern coastal
forests and the temperate deciduous elements of the northern-
forests. Bald Head Island, for example, represents the northern
most range for the palmetto palm (Sabal palmetto) while American
beech (Fagus grandiflora) is only found in the maritime forests
north of Nags Head. In North Carolina, maritime forests are most
typically associated with two important tree species: live oak
(Quercus virginiana) and red cedar (Juniperus virginiana). A
third species, loblolly pine (Pinug taeda), is a common early
successional species that becomes established following
disturbance events. All three of these species are found
throughout the range of maritime forests in this state.

While general climatic conditions affect maritime forest
species composition along a latitudinal gradient, other factors
such as an island’s age, geomorphology, distance from mainland
and history of disturbance also contribute greatly to the
ecological variation among islands (see Evans and Lopazanski
1988). Environmental gradients corresponding to topography are
largely responsible for the heterogeneity of species composition
found within a given maritime forest tract. Forest areas
characterized by a dune ridge-swale topography are often
characterized by dramatic changes in soil moisture. Swales,
being close to the water table and more protected, host a greater
diversity of species than dry ridge tops. In swale areas where
the ground surface elevation is below the watertable most of the
year, a swamp forest community develops characterized by Acer
rubrum, Fraxinus tomentosa and Magnolia virginiana. More
extensive swamp areas are dominated by a shrub thicket vegetation
(Salix and Cornus spp.) rather than trees. Exposure to salt
spray and wind shear are also important factors in determining



species composition within a forest. The leading edge of a
maritime forest, which forms the transition to the open dunes,
has the greatest exposure to these factors and is characterized
by a low species diversity and stunted growth forms. This part
of the forest is often called the "shear forest".

As will be discussed shortly, natural and man-induced
disturbances also contribute greatly to the heterogeneity within
a forest. There are many unique.transitional plant assemblages
associated with the ecotones between the maritime forest and
other important barrier island plant communities such as sait
marshes, fresh~water marshes and open dunes. These ecotones
serve as important wildlife habitats for many animal species
whose niches span both community types.

Forest Succession

There have been no published studies on the specific
ecological processes associated with the development of maritime
forests on coastal dune systems. What is generally known about
maritime forest succession has been obtained from observational
data only. As initially defined, maritime forests represent an
end phase to dune succession. The process of dune succession
involves a slow amelioration of conditions that severely limit
the growth of plants on dunes such that an environment is
produced that can ultimately support tree growth. Primary
succession, in general, is usually associated with: 1) the
development of a soil structure, 2) an increase in soil nitrogen
and 3) an increase in mature plant height (Crawley 1986). The
accumulation of soil nitrogen is generally considered the most
important rate-limiting factor in primary succession (Marrs et
al. 1983, Vitousek et al. 1987).

In coastal dune systems most macro- and micronutrients are
supplied to plants on a continuous basis through salt spray (van
der Valk 1974; Art 1976; Proffitt 1977; Barbour et al. 1985) .
Available nitrogen, however, is initially restricted to pockets
of rapidly decaying organic material (Evans 1988) or is
biologically fixed (Stewart 1967). Inorganic nitrogen leaches
quickly through the sand subtrate and is lost to the system.
Only with the development of organic soils is there a uniform
increase in nitrogen availability. A critical level of nitrogen
must be reached in order for a soil to sustain the grow of large-
sized organisms such as trees.

Colonization rates and species composition during primary
succession depend, to a certain extent, on the proximity of seed
sources and seed dispersal agents. Of the three common early
tree colonizers of dunes: Pinug taeda is wind dispersed, Quercus
virginiana is mammal dispersed and Juniperus virginiana is bird
dispersed. The dispersal and colonization events that shape the
progress of plant succession are poorly understood for barrier
islands and are in need of study. It is not known, for example,
whether the limited presence of many common mainland species in




maritime forests is due simply to infrequent colonization events
or whether abiotic or biotic factors prevent their establishment
once they arrive on a barrier island.

Buxton Woods on Hatteras Island presents a unique
opportunity to study martime forest development within the
context of dune succession. Since the southern flank of Cape
Hatteras has been accreting over the past 1000 years (Fisher
1967), a series of parallel dune ridge-swale systems have been
produced whose vegetation span a developmental segquence of dune
succession. Studies currently being conducted by one of the
authors (Evans) indicate that forest development differs with
regard to dune topography and hydrology.

Tree growth and establishment occurs faster within swales.
Prior to and during tree establishment, swales are colonized by
Myrica cerifera a clonal shrub which is known to host nitrogen-
fixing actinorrhizal symbionts (Morris et. al. 1974). It is
likely that Myrica cerifera provides a substantial input to the
overall biological availability of nitrogen in swales
facilitating the early establishment of tree species. (A similar
facilitation process has been demonstrated invelving Myrica fava
on volcanic ash in Hawaii (Vitousek et al. 1987) and has been
hypothesized for Myrica pensylvanica in the coastal dunes of New
England (Morris et al. 1974)).

Loblolly pine (Pinus taeda) is one of the first tree species
to appear in open swales. Once pine forms a closed canopy,
Myrica begins to die out and is replaced by a developing
understory of Ilex opaca and Persea borbonia (Persea often
becomes established concurrently with loblolly pine but grows
more slowly). Laurel oak Quercus laurifeolia and other hardwoods
become established under the protective microenvironment of the
pine canopy. Since loblolly pine does not regenerate in its own
shade (Chapman 1945), these hardwoods eventually replace the pine
as dominants in the canopy.

Dune ridges have a much slower rate of forest development
and they are initially colonized by a different set of tree
species. Dune ridges present a harsher environment for tree
establishment compared to swales. They are characterized by: 1)
greater exposure to wind sheer and salt spray, 2) a greater
potential for sand erosion and accretion, and 3) lower water and
nitrogen availability. Around the same time pine begins to
appear in the swales, live oak (Quercus wvirginiana) and red cedar
(Juniperus virginiana) become established on the dune ridges.
Young individuals of these two species often appear stunted or
"sheared" with finely branched canopies depending on exposure to
prevailing winds.

Both live oak and red cedar have been described by Wells
(1939) as being tolerant of moderate salt spray. It has been
suggested that this tolerance allows these species to survive in
exposed areas where other more typical inland tree species would
be killed (Wells 1939; Bourdeau and Oosting 1959). These authors



claim that the reason Quercus virginiana is not found inland is
that it would be out-competed by faster growing hardwoods,
implying a trade-off between competitve ability and salt-
tolerance. Although this hypothesis has been widely posited in
the coastal literature (e.g., Godfrey and Godfrey 1976), it has
never been specifically tested.

The forest that develops on the dune ridges is different
from that which develops in the ‘swales, both in terms of species
composition and tree morphology. Live ocak and red cedar almost
exclusively dominate the canopy on dune ridges. These trees tend
to have a low stature and are highly branched (partly as a result
of low density establishment on the dunes). The loblolly pine
and mixed hardwoods in the swales tend to be taller and less
branched. These two stand types form a mosaic pattern within the
forest corresponding to topographic change. There is generally a
mixture of the two different types on dune slopes.

The fate of live oak and red cedar in older, mature maritime
forests is not clear. It seems that neither species is able to
- regenerate successfully in mature, undisturbed forests such as
found on Emerald Isle and at Nags Head Woods. It may be that
these species are slowly eliminated from the interior of the
forest due to an absence of conditions necessary for their
recruitment. Competition with other hardwoods may also be an
important limiting factor, as suggested by Bourdeau and QOosting
(1859). Evidence for either hypothesis is confounded by the fact
that both species have been heavily logged from coastal North
Carolina forests over the past three centuries.

While there have been no studies of forest development as a
part of primary succession, there has been recent research on
secondary succession in maritime forests, particularly with
regard to disturbance regimes (Bratton and Davison 1987; Evans
and Lopazanski 1988). Maritime forests have been historically
associated with a high frequency of natural and man-induced
disturbance events including: hurricanes, fire, dune migration,
grazing and logging. Each of these disturbance regimes can have
a unique and dramatic effect on the ecology of a forest. Evans
and Lopazanski (1988) have found, for example, that on
Shackleford Banks where there has been a long history of feral
animal grazing, there are very few trees present in smaller size
classes indicating a general lack of recruitment into the canopy.
Correspondingly, there is a lower species diversity and tree
density on Shackleford Banks compared to nearby Bogue Banks which
has not had a recent history of grazing.

Bratton and Davison (1987) found that logging, grazing and
fire have significantly altered the species composition and
forest structure at Buxton Woods. These three factors
contributed to the maintenance of a predominately pine forest, an
early stage in forest succession during the past two centuries
(Settel 1937). Palececological records indicate that Buxton
woods was originally an evergreen hardwood forest. With the
cessation of these influences as part of the management of Cape



Hatteras National Seashore, Buxton Woods today is succeeding to
hardwoods once again.

Vegetative patterns on Bear Island are controlled by
migrating sand dunes. There is a patchwork of successional
stages present on the island. No patch is left undisturbed from
burial long enough to develop an intact forest cover. The
original forest that was present over much of the island a
century ago, has been reduced substantially by burial and
continues to be buried further each year. Increased forest
development on Bear Island depends on the extent to which the
migrating dune systems become stabilized in the future.
Migrating sand dunes are also an important factor affecting the
distribution and development of maritime forests on Shackleford
Banks and at Nags Head Woods.

Maritime forests have the capacity, like most forest
communities, to regenerate following natural or human
disturbances provided that these disturbances are not permanent
in nature. Substantial habitat alteration occurs following
episodes of hurricane damage, logging or grazing, but the natural
.processes of recolonization and regrowth will eventually
reconstitute a forest, given enough time. (The actual rates of
maritime succession following disturbance have never been
studied.) However, the removal of forests and other barrier
island plant communities through large-scale clearing and
commercial development results in a net loss of potential and
realized maritime forest habitat. It is this process of
fragmentation and removal associated with development that has
led to the dramatic decline of maritime forests on our coast over
the past 30 years.

Conservation Biology

One of the important facts we are only now beginning to
realize about maritime forests is that they are particularly
susceptible to the deteriorating effects of fragmentation. This
is largely due to the severe environmental conditions under which
they exist. Patches of maritime forests that are left in areas
that have been partially cleared for development, rapidly
deteriorate due to the sudden exposure to salt spray, wind shear,
altered drainage, the invasion of weedy species and other
factors. Much of the forest on Bogue Banks has been lost as a
result of this fragmentation process (Lopazanski 1987).
Substantially larger areas than one would normally leave inland,
must be left intact during development if the ecological
integrity of a maritime forest stand is to be maintained.

Habitat loss associated with the fragmentation process often
occurs as a result of the "edge effect." When permanent
clearings are suddenly created surrounding a forest stand, there
can be dramatic changes in the microclimate of the forest
perimeter such as increased intensities of light, salt spray,
thermal radiation and dry winds. These factors alter the



vegetation in a belt of microclimatic change along the edge of
the stand. Depending on exposure, this belt of change or edge
effect can cause the mortality of many tree species and allow the
invasion of weedy alien species. The die-back of live oak along
NC 58 on Bogue Banks is an excellent example of this edge effect
phenomenon. In smaller fragments, the edge effect can extend
into the center of a maritime forest stand, completely altering
its ecology.

The shear forest which forms at the leading edge of the
maritime forest, at the transition into open dunes, is a result
of long-term, gradual vegetative response to naturally created
edge conditions. The canopy of the shear forest abuts the top of
the rear dune, forming a protective closed covering over the
forest understory. On Shackleford Banks, feral animals have
created a browse line along this normally closed forest edge,
exposing the forest interior to dry winds, increased salt spray,
etc.. This process, in combination with severe overgrazing has
contributed to a decline in forest species diversity on
Shackleford Banks (Evans and Lopazanski 1988).

The edge effect can therefore lead to a further shrinkage of
forest fragments and a loss of component maritime forest species.
Fragmentation itself brings about a loss of continuity with other
forest areas and with other habitat types. This is a critical
loss to animal species that depend on the maintenance of forest
transition areas for their survival. Fragmentation isolates
forest populations by resticting dispersal and preventing gene
flow. This can ultimately lead to increased homozygosity and a
build-up of lethal recessive genes within a population (Soule
1986) . By being located on islands, maritime forests are already
isolated to a certain degree. Fragmentation dramatically
compounds the ecological effect of this isolation by essentially
creating islands of forest within islands. The shrinking of
forest size increases the ecological effect of disturbance
events. For example, the effect of a hurricane on a large stand
may be the formation of gaps in the canopy while the same storm
by partially if not entirely destroyed a small stand. The same
arguments hold true for grazing, fire, and other disturbances.

It is not known how large an area of maritime forest habitat
is required to maintain viable populations of any of the
component plant or animal species. This is difficult information
to obtain, especially since most species are dependent on other
species for survival. For example, ocaks and hickories are
dependent, to a certain extent, on squirrels for the dispersal of
their seeds. One might ask the following question: what is the
critical forest habitat size necessary to maintain a viable
population of squirrels that will adequately disperse the seeds
of ocaks and hickories, maintaining viable populations of these
species as well? No data are currently available to answer this
type of question.

Forest clearing and filling of wetlands can alter the
hydrology of a maritime forest and even the hydrology of an



entire island. Maritime forests serve to protect and recharge
freshwater aquifers that develop within barrier islands. These
aquifers often are the sole source of fresh water for the
inhabitats of an island and so their protection is vital.

Finally, it is important to point ocut that much of the
information presented here on conservation biology is
theoretical. It is based a working knowledge of the limited
information &vailable for maritime forests. There have been no
specific studies published pertaining to the conservation biology
of maritime forests. Extensive research is needed, therefore, in
such areas as the determination of critical habitat sizes and the
mean viable population numbers of important maritime forest
species so that management recommendations can be based on a more
complete scientific foundation. Unfortunately, the pace of
maritime forest destruction in this state far exceeds the pace of
scientific research. It can not do for managers to sit back and
wait for additional scientific information. Actions must be
taken now, based on what we do know, to prevent further loss of
maritime forest habitat.



Part II: Management of Maritime Forest in North Carolina

Introduction

The location of many of the oldest villages along the OQuter
Banks attest to the fact that original colonists were drawn to
the beauty and protection of the maritime forests. Early
settlements such as 0ld Nags Head, Ocracoke, Portsmouth, and
Diamond City were established within these island "oases." .. ..0-
It was within the maritime forests that early settlers found
homesites that were less susceptible to flood waters, high winds,
and harsh temperatures. Abundent shell middens provide evidence
of even earlier use of these areas by Native Americans.

Maritime forests were not preserved by these early
inhabitants; on the contrary, over the vears these areas were
subject to a high frequency of man-induced disturbances such as
fires, logging, and grazing of animals. Fortunately, like most
forest communities, maritime forests have the capacity to
regenerate following human or natural disturbances provided that
these disturbances are not permanent in nature. However, as more
.and more of the forests are subdivided into developed lots, the
impact of human disturbance will be cummulative and largely
irreversible.

Maritime forests can and should be managed in a manner that
avoids or minimizes harmful impacts to the ecosystem. This
protection can best be achieved through the implementation of the
following measures:

1. Preservation through public acquisition (federal, state,
or local government) or by conservation organizations.

2. Enforcement of federal and state environmental
regulations.

3. Resource management through designation as an Area of
Environmental Concern (AEC) by the N.C. Coastal
Resources Commission.

4. Resource management through local government zoning.

5. Conservation through development policies and land
classifications prescribed in the local land use plan.

6. Conservation through landowner’s voluntary protection.
(Possible registration with the NC Natural Heritage
Program as a protected natural area.)

These options vary in their ability to protect the resource
depending on the level of authority (federal, state, or local),
the effectiveness of the regulations in controlling the loss of
critical resources, the enforcement of those regulations, and the
landowner’s desire to protect the area in lieu of government
regulations.



Federal and State Management

The most effective strategy in terms of prov1d1ng the
greatest amount of protection is to purchase significant areas of
maritime forest and preserve them as natural areas. However,
public acquisition depends on the availability of funds and a
willingness on the part of the landowner to sell or donate his or
her land. Other, less costly alternatives 1nc1ude bargain sales,
conservation easements, and land donations. ook

In the late 1970s the N.C. Nature Conservancy acquired 360
acres of Nags Head Woods, now managed (along with 350 acres owned
by the town of Nags Head) as an ecological preserve. Another
example of maritime forest preservation was the purchase of
almost 1,000 acres of Buxton Woods by the federal government for
1nc1u510n in the Cape Hatteras National Seashore. The State of
North Carolina is currently adding to this effort by purchasing
key portlons of the privately owned forest (330 acres so far) and
preserving them as natural areas within the North carolina
Coastal Reserve. The incorporation of Shackleford Banks in the
Cape Lookout National Seashore took this protection option one
step further by acquiring a complete maritime forest system (as
well as the entire island), rather than just a portion of the
forest as in the case of Nags Head Woods and Buxton Woods.
Shackleford is managed as a wilderness area by the National Park
Service.

Federal protectlon for fresh-water wetlands, an important
component of maritime forest ecosystems, is provided under
section 404 of the Clean Water Act. The U.S. Army Corps of
Engineers is responsible for granting or denying permits to
discharge dredged or fill materials into wetlands. According to
the Corps’ definition, areas of maritime forest that fall under
its jurisdiction are "those lands that are innudated or saturated
by surface or groundwater at a frequency and duration sufficient
to support, and that under normal circumstances do support a
prevalence of vegetation typically adapted for life in saturated
soil conditions.” Since most maritime forests are interlaced
with various sized wetlands, this measure has the potential to be
an effective regulation of destructive development practices
in maritime forest areas. Unfortunately, enforcement of the 404
wetlands regulations is a problem; the Corps regulatory branch is
understaffed which means that the filling of smaller, isolated
wetland areas often goes undetected. In addition, there is a
high degree of subjectivity involved in the wetlands delineation
process, allowing it to be influenced by nonscientific criteria.
Furthermore, because the tremendous increase maritime forest
property values in recent years, it is not inconceivable that
developers could incorporate 404 wetland violation fines into
development costs and pass it on to the buyer. Flnally, the lack
of regulatory jurlsdlctlon over certain dredging activities
within maritime forests is a also significant shortcoming.

There is a clear mandate implicit in the North Carolina
Coastal Area Management Act (CAMA) of 1974 (N.C.G.S. 113A-100 et



seq.) for the protection of maritime Fforest resources. The
primary goal of CAMA is: " to provide a management system
capable of preserving and managing the natural ecological
conditions of the estuarine system, the barrier dune system and
the beaches, so as to safeguard their natural productivity and
their biological, economic and esthetic values" (Section 113A~
102(b) (1)). State protection for maritime forests would be
available if the N.C. Coastal Resources Commision (CRC) were to
designate maritime forests: as "areas of environmental concern" -
(AECs). CAMA authorizes the CRC to manage development in AECs
by regquiring that development within these areas be consistent
with standards designed to protect critical coastal resources.
While we have general AEC categories covering the estuarine
system, public trust waters and beaches, there is currently no
uniform category regulating development in the maritime forest
ecosystem, even though it is a important component of the barrier
dune system as specifically covered under CAMA.

The CRC could decide to create a new maritime forest AEC
category and establish management objectives and general use
standards for new development proposed within the AEC. This
‘would be a preferred option over the ‘designation of specific
areas on an independent basis, since a set of uniform state
standards would provide the most comprehensive regulation and
would the most fair since since no one forest area would be
treated differently from another.

Individual forest sites, however, can be given AEC
designations under the existing Natural and Cultural Resource
category, if they are judged to be a uniquz natural area of
statewide significance. One such area, Buxton Woods, a 3,000-
acre maritime forest on Hatteras Island was nominated under this
special AEC category in 1986. Over the following two years, the
CRC considered an AEC designation for Buxton Woods (the state’s
largest maritime forest)., Its designation would have set a
precedent for future maritime forest AECs elsewhere on the coast.
However, in March 1988, Dare County adopted a strict zoning
ordinance, similar to the AEC standards, designed specifically to
protect the Woods. Satisfied that adequate protection for the
Woods was now available through local land use regulations, the
CRC decided to table the Buxton Woods AEC proposal. A recently
expanded water supply AEC in the woods and a new state initiative
to purchase key portions of the forest also played key roles in
the CRC’s decision. To date, Dare County has taken a cautious
approach in implementing its ordinance. Zoning, however, by its
nature is an ephemeral form of land management, easily changed by
political and economic pressures. It does not have the lasting
regulatory enforcement provided by a CAMA AEC designation.

Local Management

As evident in the outcome of the Buxton Woods issue, limited
protection of maritime forest areas can be achieved through local
government policies and regulations. Local zoning ordinances and
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land use plans can be effective tools for managing these
environmentally sensitive areas. Whereas state and federal
regulations can provide generic standards to protect certain
categories of fragile resources (e.g., coastlines, wetlands,
public trust waters), local governments have the authority to
adopt and enforce stricter development regulations. Moreover,
local regulations can be tailored to protect resources that are
unique to a particular area. As stated above, the problem with
local ‘regulations '‘is that they are subject-to change depending-on
the attitude of the current town or county administration. Also,
variances can be granted with little opportunity for public
notification and comment.

Land use plans provide local leaders with an opportunity and
responsibility to establish policies that will guide the
development of their community. In North Carolina under the
auspices of CAMA, each of the coastal counties and municipalities
are encouraged to develop a land use plan which includes, among
other things, policy statements on a number of resource
protection issues. While these policies reflect the local goals
and development priorities with regard to the protection of
fragile resources, they are generally not considered enforceable
regulations. Local ordinances need to be adopted in order to
implement the various policies. (Part III of this report
includes a discussion of the local maritime forest protection
policies for each forest site surveyed.)

Local ordinances that are intended to protect the maritime
forest ecosystem should include provisions designed to keep
building density as low as feasible, thus allowing the greatest
amount of forest to remain intact. Roads and utility lines
should follow natural contours; freshwater ponds should not be
dredged, filled, or otherwise altered; and trees should only be
cut if they interfere directly with home construction and access.
Limiting the percentage of the lot which may be cleared and using
only native shrubs for ornamentation and stabilization will also
help in maintaining the natural forest vegetation. Setbacks can
also be helpful to buffer wooded areas from encroaching
development. Finally, it is important that only those uses that
will have the lowest environmental impact be allowed in forested
areas. These uses may be limited to single family residential
housing, clustered housing, watershed conservation areas, and
compatible recreational uses., (See Table 1 for a summary of
current local protection measures in North Carolina maritime
forests.)

Presently, the level of resource protection associated with
clustered housing versus detached housing units is still in
question. Scientist do not know if concentrating development in
one area will have less of an impact on maritime forests (in
terms of increased light, wind, and salt spray) than scattering
the development on more evenly spaced parcels, say half-acre or
one-acre lots.
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As discussed in Part I, the greater the density of
development allowed, the more the forest will become fragmented.
There is a minimal area at which a forest fragment is still
capable of maintaining itself in terms of seedling recruitment
into the canopy population. There is also a minimum area which
will support the same number of plant and animal species as would
a comparable area of undisturbed forest. Below this minimum
size, species will be lost, and those still present may no longer
be capable of replacing themselves. The loss of species and :
individuals will continue until the forest fragment no longer
retains any of its original character.

Unfortunately this theoretical "minimum area" is site
speciflc and depends upon a variety of environmental conditions.
Since in practical terms it is often necessary to specify an
ecologically sound minimum area, it is best to err on the safe
side and allow a very wide margin of buffer between clearings.

As a rule, lot sizes of 80,000 sq. ft. should be considered a
lower limit in any forest slte. (See Table 1 for a comparison of
existing local protection measures for maritime forests.)
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Part III: Maritime Forest Assessment By Island

Introduction

A total of 24 forest areas were surveyed on 16 barrier
islands in North Carolina (see Fig. 1). Potentially forested
areas were first identified from large-scale aerial photos.
Field trips were then made to each of these areas to verify the
existence of intact forests. Each site was described from an
ecological standpoint, surrounding land uses were recorded and
boundaries of the intact forest areas were delineated. Tax
records were then used to compile a list of landowner names and
addresses, as well as acreages for each surveyed parcel (see
Appendix C). While, only those tracts greater than 20 acres were
generally considered, some smaller tracts of particular interest
were also included.

The site information was recorded in the form of short,
detailed site reports. These reports (available from the
authors) contain the following information for each forest site:

—a general ecological description
-significant natural features
-topographic relief

-s0il type and profile

-site integrity (degree of disturbance)
-successional status

-characteristic community type
—~threats to ecological integrity
-current management (zoning, etc.)

The history of land use in the maritime forests of each
island was obtained from the literature, town halls, and personal
communications, and is described in the forest site summaries.
Current forest management information was gleaned from local
zoning ordinances and land use plans and was incorporated into
the following forest site summaries.

This report presents a complete inventory of all maritime
forest tracts remaining in North Carolina, greater than 20 acres
in size. Such an inventory thus constitutes a delineation of the
maritime forest ecosystem as it exists today in the state of
North Carolina. The report, however, does not address potential
or unrealized maritime forest habitat.
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