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EXECUTIVE SUMMARY

INTRODUCTION

In spite of a suite of laws enacted during the 1970s, many of the nation’s critical coastal ecosystems are
in serious decline. Public attention has turned once again to threatened estuarine systems -- Chesapeake
Bay, Narragansett Bay, Buzzards Bay, Long Island Sound, Puget Sound, and San Francisco Bay -- areas
in which decades of population concentration and industrial development have resulted in the
contamination of sediments, and the dramatic declines of living resources.

The Albemarle-Pamlico (A/P) estuarine system in North Carolina had become another one of these
threatened systems. It is the second largest estuarine complex in North America and a key nursery area
for east coast fisheries. In 1987, the A/P system was designated as an estuary of national significance
and was selected to be studied, along with those mentioned above, as part of the Environmental
Protection Agency’s (EPA) National Estuary Program. Thus, the Albemarle-Pamlico Estuarine Study
was initiated, a cooperative research and management program between EPA and the State of North
Carolina’s Department of Environment, Health, and Natural Resources.

The purpose of the A/P Study is to find out how serious environmental problems are in North
Carolina’s estuaries and how the estuaries can be preserved and managed to maintain their
environmental integrity and maximize the use and pleasure people derive from them. The A/P Study’s
efforts are focused and guided by four committees composed of concerned citizens and people with
knowledge of environmental science, management, and law. For more than three years, scientists funded
by the A/P Study and other state and federal agencies have focused their research efforts on the
characterization of and changes in the A/P system. This report is a compilation of the results of those
studies and many previous years of estuarine research.

Any attempt to understand and rectify the problems of the A/P system must be based on an
understanding of the dynamics of the system. The A/P system is made up of Albemarie Sound
(including Currituck and Croatan Sounds), Pamlico Sound (including Core, Roanoke, and Bogue
Sounds), with their many tributaries, marshes, swamps, and wetlands. On the western side of the system,
numerous rivers discharge fresh water into the sounds. On the eastern side, a chain of barrier islands
with only a few inlets in the southern portion of Pamlico Sound, hold back the Atlantic Ocean. River
flow, winds, and tides are the most important forces at work in this system. These dynamic forces act to
push, pull, mix, stratify, and remix the water and affect numerous physical, biological, and chemical
processes such as fish recruitment, stratification of the waters, and sedimentation.

People who live near the rivers and estuaries have seen striking changes in the environment. In places
along the riverbanks, submerged grasses once grew in beds so thick that it was necessary to cut paths to
pass between the open river and the shore. Today, in many places, the grasses are gone and with them
the young fish and shellfish that grew and were nurtured among them. Often, the river waters are turbid
and dirty looking. Vast swamp area once inhabited by snakes, bears, and other wildlife, have been
cleared, drained, and planted as extensive fields of soybeans, wheat, and corn. Shopping centers and
condominium complexes have sprung up near fragile marshlands, once nursery areas for fish and
shellfish. Shellfishing areas have disappeared or have been closed to harvests because of contamination
by human waste. Fishing catches have declined. many fish and crabs suffer skin and shell diseases and
so cannot be sold for human consumption. Large algae blooms occur periodically in many of the
estuaries, rendering some areas unfit for swimming or fishing. Anoxic events have decimated local
populations of fish and shellfish.



How people view changes in the A/P system depends on how they want to use its resources.

Increasingly, conflicts are arising among the uses and the users of the estuarine resources. Boaters may
think that a quiet accessible harbor is a perfect place for a marina, but people who harvest shellfish from
the area may be concerned about contamination from human waste, marine fuels, and other toxicants. A
recreational fisherman may be happy to pull a shrimp trawl and take home a few dozen pounds of
shrimp, but a commercial shrimper may be upset when thousands of recreational fishermen do the same
thing and compete for the available resource. A farmer may want to use a small stream as a drainway
to help lower the water table under one of his fields to keep his crops from drowning, but fishermen
may regret the changes that the fresh water brings to a once productive primary nursery area.
Commercial clammers may think that using a propeller wash to dislodge clams from the bottom is
simply a more effective method of harvest, but those who understand the ecological value of submerged
grasses and the harm that "clam kicking" can do, may think otherwise.

Use conflicts extend far upstream, too. Residents of inland cities and towns see "their" streams as water
supplies and waste disposal resources. Coastal residents, however, expect those same streams to be clean
when they reach the coast and to support wetland production, fish propagation, and other vital
ecological functions.

This document summarizes the conditions and the trends that have been found in the A/P system and
what is known about their causes.

CRITICAL AREAS

Submerged Aquatic Vegetation (SAV):

Status: SAV occurs in shallow low-salinity waters, in narrow bands along the eastern shores of
Albemarle and Pamlico Sounds and in broad swaths across much of Core, Back, and Bogue Sounds.
SAV habitat supports populations of bay scallops and numerous other species of shellfish, fish, and
birds.

Trends: Scant historical observational records indicate an almost complete disappearance of SAV in the
Pamlico River and Back Bay. In Currituck Sound major shifts in density and species assemblages have
occurred; currently, SAV beds are greatly reduced in density and extent. In the western portion of
Albemarle Sound significant (though unquantified) declines have also been documented. In the eastern
portions of Albemarle and Pamlico Sounds, SAV appears to be quite stable.

Causes: On the western shores of the A/P system, the primary cause of the decline of SAV is believed
to be related to increasing freshwater runoff, increased turbidity (from sediment-laden runoff,
bottom-disturbing practices, and algal blooms), and encrustation by algae. Turbidity and encrustation
effectively reduce the amount of light available to the plants for photosynthesis. On the eastern shores,
decline is caused primarily by physical destruction or disturbance by dredges, boat propellers, and illegal
fishing practices. If these conditions and practices continue, SAV will likely continue to decline.

Wetlands:

Status: There were an estimated 12,100 acres of tidal salt marsh (regularly flooded marsh) and 138,000
acres of non-tidal brackish marsh (irregularly flooded salt marsh) within the study area, according to a



1962 report (Wilson, 1962). The same report estimated that approximately 38,700 acres of nontidal
freshwater marsh existed in the area. Significant tracts of riparian/alluvial forested wetlands ("wooded
swamps and bottomlands") also exist; as of 1954 it was estimated that there were roughly 804,000 acres
of these wetlands within the study area. Inland wetlands (pocosin and related wetlands and nonriverine
swamps) also exist in significant numbers. Richardson (1981) estimated that as of 1979, 695,000 acres of
pocosin wetlands remained in their natural state within the North Carolina portion of the study area; an
additional 808,000 acres were either partially developed or, at the time, scheduled for development.

Trends: While mapping is incomplete and historical records are inadequate, there is evidence of
extensive localized reduction of ecologically important emergent wetlands and inland wetlands. Tidal salt
marshes and fringe swamps are now protected by regulations and quite stable in areal extent, but it is
estimated that 25-50% of wetlands that line tributaries or lie well inland have been lost to development
or altered so significantly that their functioning has been severely impaired. By 1979, 33% of the state’s
original pocosin acreage had been drained and the native vegetation permanently removed or altered; an
additional 36% were either partially altered or scheduled for development.

Causes: Regulatory changes have helped to reduce losses of coastal wetlands to residential and
commercial development, and losses of all wetlands to agricultural conversion and mosquito ditching.
Major losses of freshwater wetlands still occur as a resuit of draining or filling for silviculture and
commercial or residential development.

Nursery Areas and Fisheries Habitats:

Status: The suitability of protected nursery areas for fish, seagrass beds for scallops, sands or muds for
hard clams, or hard substrate for american oysters may be influenced by freshwater runoff, bottom
disturbing practices, or hypoxic and anoxic conditions. A program is in place to designate and protect
fisheries nursery areas from harmful fishing practices. Analysis of juvenile abundances, indicates that
most of these designated areas are currently functioning satisfactorily.

Trends: Scallop habitat (SAV) has declined in areas where turbidity has increased. Clam beds appear
to be generally stable, fluctuating primarily in response to climatic and hydrologic variations. Oyster
beds appear to be in decline in the Pamlico and Neuse River Estuaries due in part to disease, anoxia,
fresh water inflows, and harvest pressures. Access to historical anadromous spawning habitats (rivers and
tributaries to the Sounds) have been blocked by dams and reservoirs and limited by roads and culverts.
No long-term records exist that allow trends in the areal extent of nursery areas to be determined, but
records of juvenile abundance indicate continued health of existing nursery areas--no significant
population trends of any major species have been found. Records of water quality (e.g., dissolved
oxygen, turbidity, and salinity), however, indicate deteriorating conditions within some nursery areas.

Causes: Nursery areas and fisheries habitats, often located in shallow creeks, embayments, and
tributaries, are particularly sensitive to effects of land and water uses. Continued increases in sediment,

nutrient, or pollutant laden runoff from developed land and could further reduce these areas or impair
their functioning.

Barrier Island Habitat:

Status: Over the past 300 years, human impact has reduced the original extensive coverage of maritime
forest, shrub, herbaceous dune growth, and soundside high marsh, to remnant quantities. However,
about two-thirds of the Outer Banks is now in public ownership.
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Trends: Losses of habitat, other than intertidal salt marsh, continue at a substantial rate on private

lands. Acreage in public trust ownership or jurisdiction is increasing the protection of some of these
habitats.

Causes: Most losses result from urbanization and related development, which includes drainage removal
of vegetation, installation of hard surfaces, off-road vehicle traffic, and altering dune slopes and
configuration.

WATER QUALITY

Nutrients and eutrophication:

Status: The waters of the A/P system are phosphorous-rich and relatively nitrogen-limited. Blooms of
algae require concurrent inputs of nitrogen and adequate sunlight, salinity, and temperature conditions --
a fairly common occurrence during the summer-fall warm, low-flow months.

Trends: Total annual phosphorous loading into the Neuse River is estimated to have increased 60%
over the past century to 1.7 million kg/yr (1985). Most of that increase has occurred within the past 40
years due primarily to the increase in sewage discharge. Total annual nitrogen loading into the Neuse
River is estimated to have increased 70% over the past century to 7.8 million kgfyr (1985). After
declining in the 1950s and 1960s, loading increased rapidly as population growth overtook old gains in
efficiency of wastewater treatment plants. Despite the increased loadings, concentrations of nitrogen and
phosphorous in the water column have, in general, declined in the recent past. However, increased
concentrations of chlorophyll a (an indicator of algal abundance) may account for the declining
concentration of nutrients. Throughout the Neuse River, increased concentrations of chlorophyll a and
changes in the species composition have been noted; specifically, nuisance blue-green algae have
increased significantly. In the Pamlico River, concentrations of chlorophyll a have increased up-river
(50% in 16 years) and in middle-river segments. Trends of the frequency of algal blooms have not been
able to be documented, but species composition does not appear to have changed significantly. In the
Tar-Pamlico, algal blooms have been associated with fish kills. Increases in the concentration of
chlorophyll a have also been noted in upper Albemarle Sound and lower Chowan and Alligator Rivers.

Causes: Point sources (such as municipal wastewater treatment plants), nonpoint sources (diffuse
sources of pollutants, sediment, and nutrients such as agricultural, silvicultural, and urban runoff, and
direct atmospheric deposition), and internal nutrient cycling play major roles in determining nutrient
availability. Depending on the system, point sources can contribute as much as 75% of the annual
nutrient inputs, while in other systems, nonpoint sources have been known to contribute up over 60% of
the nutrients. Particulate deposition of atmospheric nitrogen is thought to play a large role in estuarine
eutrophication; in Chesapeake Bay, a very similar system, it is estimated to contribute 10 to 20% of the
annual nitrogen inputs in the upper portions of the estuaries and 30 to 50% of the annual nitrogen
inputs in the lower estuaries, open sounds, and coastal waters. Along with the right climatic conditions,
these nutrients can cause blooms of algae, associated hypoxic or anoxic events, changes in the food chain,
and even toxic conditions.
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Metals and Toxicants:

Status: Studies of the concentrations of toxic pollutants within the water column describe generally safe
and reasonable levels, but studies of the estuarine sediments indicate that areas of localized but severe
enrichment exist, most often associated with known point source dischargers. There is some indication
that, from parts of the A/P system, concentrations of dioxin (a probable human carcinogen) found in
finfish tissues, have declined since last year, however, half of Albemarle Sound, portions of the Roanoke
River, and the Chowan River still have health advisories posted for dioxin.

Trends: No long-term data base of sediment quality exists, but there is some indication of recent
localized degradation due to anthropogenic loadings and disturbances. With such limited data, trends in
the concentration of dioxin in sediment, water, and fish tissue are not reliable at this time. Long-term
declines in concentrations of dioxin are expected, however, due to process changes in paper mills.

Causes: Municipal and industrial point source dischargers are considered to be responsible for the
majority of localized degradation of the sediments. Long-term accumulation and biological and physical
processes act to concentrate toxicants within the sediments, but biological effects of these toxicants are

not yet known. Elevated levels of dioxin in fish tissues are primarily associated with pulp and paper mill
effluents.

Freshwater Discharge and Flow Regimes:

Status: Alteration of the natural flow regimes of the tributaries to Albemarle and Pamlico Sounds can
have significant effects upon the water quality and the health and distribution of flora and fauna in the
receiving waters. In places, drainage ditches have reduced the salinity of receiving waters and have acted
as conduits for the landward flow of brackish water. Overdraught of coastal aquifers has caused
localized intrusion of brackish water. Dams have altered patterns of salinity and sedimentation, critical
for the survival of many species of plants and animals. Construction and development have led to an
increase of impervious surfaces, and so to an increase in stormwater runoff. The now inactive saltwater

pumping station in Back Bay, Virginia caused major changes in salinity in the efforts to control the bay’s
habitat.

Trends: Mosquito ditching is no longer condoned and federal regulations have eliminated incentives to
drain land for crop production. However, ditching associated with silvicultural practices is still exempt
from 404 regions. Due to the complex hydrology of the estuarine system, precise trends of changing
salinity remain unknown, but the pace of that change appears to be decreasing.

Causes: Artificial drainage of the wet interior of the study area, the pumping of groundwater, and the
construction of dikes and dams may amplify natural hydrologic fluctuations.

Anoxia and hypoxia:

Status: Anoxia or hypoxia can stress or kill affected benthic and pelagic biota, however, such events are
usually not wide-spread and are usually short-lived. These conditions are most common in the down-
river sections of the tributaries and upper estuaries during periods of high runoff and in the up-river
sections during periods of lower flow. Anoxic and hypoxic conditions can become established, broken-

up, and reversed very quickly. These sporadic events seem to have little long-term impact on the health
of the ecosystem as a whole.



Trends: There are no apparent trends of decreasing dissolved oxygen in the past 19 years of water
quality data.

Causes: Data do not show a direct causal link between the size of the winter-spring algal blooms and
the occurrence of anoxia or hypoxia. Anoxic and hypoxic conditions are usually caused by natural
climatic and hydrologic conditions that result in concurrent warm temperatures (above 20 degrees
Celsius) and stratification of the estuarine waters. These events may, however, be exacerbated by algal
blooms caused by cultural eutrophication.

FISHERIES

Shellfish bed closures:

Status: The Division of Environmental Health, Shellfish Sanitation Branch conducts detailed Sanitary
Surveys on a continuing basis. These bacteriological, hydrological, and shoreline surveys serve as the
basis on which recommendations for closures are made to the Division of Marine Fisheries. Currently,
roughly 36,000 acres within the study area are closed to the harvest of shellfish. Additional areas may
be closed for a few days or weeks following a heavy rainfall. Within the A/P Study area, temporary
closures are usually confined to tributaries in Carteret County. An area is closed to harvest until tests
indicate a return to acceptable conditions. Bogue and Core Sounds, and select areas within Pamlico
Sound are significantly affected.

Trends: Closures due to point source dischargers (primarily wastewater treatment facilities) have
declined with improved technology and regulations, but the area subject to temporary closures due to
nonpoint source and urban stormwater runoff has increased along with increasing development, keeping
the total area closed to harvest relatively constant. Within the A/P Study area, roughly 15,000 acres are
now subject to temporary closures due to contaminated stormwater runoff, indicating continued localized
water quality degradation.

Causes: Freshwater discharge from drainage ditches can disrupt local salinity regimes and cause the
degradation of shellfish beds. Bacterial contamination from point sources, improperly sited or
maintained septic systems, urban and agricultural runoff, and marinas can cause the closure of shellfish
beds.

Diseases:

Status: Several new or epidemic diseases have been documented recently among the fish and shellfish of
the Albemarle-Pamlico region. Outbreaks of ulcerative mycosis (UM), a fungal infection primarily
affecting menhaden in the Pamlico River, have occurred biannually in epidemic proportions since its first
occurrence in 1984. "Red sore" disease first occurred among a wide variety of finfish in epidemic
proportions in 1975; periodic outbreaks are still reported. The occurrence of "MSX" and dermocystidium
("dermo"), diseases fatal to oysters, was first reported as a widespread problem in 1988. Shell disease in
blue crabs (found primarily in the Pamlico River) causes severe and aggressive lesions, it is infectious,
and is often fatal. Even when not fatal, all of these diseases can make the affected organisms
unmarketable.



Trends: Prevalence of fish diseases (especially UM) in the Pamlico River has increased dramatically
since 1984, yet in other areas, such as Core Sound, disease is not considered to be a real problem, and
in Albemarle Sound the prevalence of disease is considerably less than in the 1970s.

Causes: Causes of fish and shellfish diseases seem to be multiple and complexly interrelated, but general
degradation of water quality has been associated with outbreaks of disease. Areas with elevated levels of
toxicants such as metals in the water column or sediments have been associated with outbreaks of shell
disease and UM, but no individual contaminants have been proven to be causal agents. Phytoplankton-
produced toxins have been linked with increased mortality and susceptibility to diseases. Increased
salinity occurring during periods of drought is believed to facilitate the spread of oyster disease.
Decreased salinity has been associated with severe outbreaks of UM.

Commercial Fisheries:

Status: Dockside commercial landings data, compiled by the Division of Marine Fisheries, reflect not
only stock sizes, but regulatory and market influences. In 1989 within the Albemarle-Pamlico Study area
commercial fishermen landed a total (excluding menhaden) of 59.1 million pounds of fish and North
Carolina fishermen as a whole landed 85.4 million pounds of estuarine-dependent fish.

Trends: In general, the total catch-per-unit-effort is decreasing despite improvements in fishing gear and
methods. North Carolina’s total commercial estuarine-dependent landings (including menhaden) have
fluctuated 35 million pounds over the past five years from a low of 140.7 million pounds in 1987 to a
high of 175.3 million pounds in 1988. Since 1988, landings have declined 14% to 151.5 million pounds.

Landings of catfish and striped bass have continued to decline since the 1970s. Landings of four other
species have been in general decline since the early 1980s: river herring, American shad, croaker, and
bluefish. Landings of flounder, weakfish, white perch, bay scallops, and oysters have shown a dramatic
and sudden decline in the past one to three years. Coastal landings of flounder, for example, declined
60% in the past year. These declines may indicate declining stocks.

Commercial landings of hard clams, spot, and shrimp have remained fairly stable over time. Landings of
blue crabs and Atlantic menhaden have continued to increase.

Causes: Specific causes of the declining landings are unknown, but several factors have been associated
with the declines. Increased "effective effort” (the ability to inflict mortality) has significantly depleted
some stocks. Fishermen have a greater impact on standing stocks because of the increased size and
power of fishing vessels and improved electronics, fishing gear, and techniques. Alteration of riverine
flow regimes has significantly reduced the habitat and reproductive success of anadromous fish.
Declining water quality has been implicated in the reduced productivity of some primary nursery areas.

Although trawling bycatch may negatively affect fish stocks, such an impact had not been demonstrated
in the South Atlantic Region.

Recreational Fisheries:

Status: Recreational anglers compete for many of the same species as commercial fishermen and
account for a significant proportion of the total catch. For some species of fish, such as bluefish, red
drum, and spanish mackerel, recreational harvest probably exceeds commercial harvest. 53% of all
commercial vessel licenses are issued for recreational use.



Trends: Unfortunately, no long-term recreational landings data exist, so no trends can be inferred. In
general, however, the total catch-per-unit-effort is decreasing, despite increasing effective fishing effort.

Causes: North Carolina is unique in the freedom it offers recreational fishermen to use commercial
gear and in the scale of the recreational fishing industry. While the total number of angler trips has
remained relatively stable (or even declined slightly) over the past ten years, effective fishing effort
continues to increase with improvements in gear and techniques.

THE HUMAN ENVIRONMENT

Population:

Status: According to the 1990 Census, North Carolina A/P study area counties have roughly 1,898,000
permanent residents, an increase of 16.3% since 1980. Two of North Carolina’s three fastest growing
counties of the 1980s are within the study area: Dare County grew 70% and Wake County grew 40.5%.
Census information indicates that Virginia’s A/P counties also exceeded the Virginia state-wide growth
rate in the 1970s and 1980s. This relatively rapid growth of the permanent population and a
concomitant growth of the recreational or seasonal population places ever-increasing demands on and
creates ever-increasing conflicts over the limited and fragile resource base.

Trends: The population of the entire A/P study area is expected to reach nearly 3 million by the year
2000. The rate of growth of NC counties within the study area, while locally varied, has continued to
increase. During the 1970s these counties grew at a rate below that of the statewide average, but during
the 1980s, they grew 16.3%, 28% faster than the statewide average of 12.7%. This trend of growth will
be reflected in increasing demands on the resources and increasing costs of maintaining the quality of
the coastal environment.

Causes: The diverse resource base, healthy economy, and pleasant climate have attracted large numbers
of people to the A/P area. There is a direct correlation between the growth and development of this
region and the stress that is placed on the coastal environment.

Resource Utilization:

Status: The A/P study area offers opportunities for a wide variety of uses including: agriculture,
tourism, residence, fishing, forestry, construction, mining, defense, retail, wholesale, and service. Each of
these comprises a significant sector of the North Carolina economy. Although the A/P watershed covers
about 1/3 of North Carolina, agriculture, the largest industry in the A/P area, accounts for 50% of NC’s
hogs, 45% of NC’s cropland, and 40% of NC’s chickens. Tourism is one of the state’s largest industries;
the A/P region accounts for 32% of the state’s total tourism revenues. One-third of the state’s
woodlands are located within A/P counties. Degradation of drinking water supplies is not a widespread
phenomenon in the A/P study area, but localized problems do exist. Livestock production, agriculture,
and residential and commercial development are major industries within the Virginia portion of the A/P
watershed. As in North Carolina, these practices add to the stress placed on the estuarine system.

Trends: Land in crop production has been declining since 1980, reflecting world-wide agricultural

trends. Woodland acreage has also been decreasing, but pine plantation acreage increased substantially
from 1973 to 1984. Swine and poultry production have been increasing as a percentage of the state
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total, but have not been expanding rapidly. Tourism-related industries are expanding rapidly within the
A/P study area. Commercial fishing pressures, as measured by vessel licenses, have increased only
slightly in the recent past. Marina development, an indicator of recreational estuarine use, has continued
to increase (184% from 1970-1989). Travel and tourism are increasing within the study area (though
their revenues remain a constant proportion of the statewide travel and tourism revenues). Forested
land within the study area has been decreasing. Specific locations within certain aquifers suffer from salt
water intrusion induced by overdraught. Surface water supplies are protected by existing water quality
regulations.

Causes: Permanent and seasonal populations continue to grow throughout the A/P study area, bringing
with them ever-increasing demands on the limited resource base. Continued land development, increased
domestic and municipal freshwater demands and wastewater discharges, the increasing application of
fertilizer (despite the decreasing acreage of cropland), the growth of the poultry industry, the large scale
hog industry, phosphate mining, forestry practices, the growth of commercial and recreational fisheries,
and continued marina development have given rise to the concerns about the preservation and
conservation of habitat and living resources.
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A. THE STUDY

A. 1. Background

During the last decade, the US Environmental Protection Agency has directed its attention to
"management conferences" on estuaries of national concern in response to public concern that some of
the nation’s prominent estuaries were in stages of decline in spite of a plethora of laws and regulations
enacted in the 1970s to protect them. Chesapeake Bay in Maryland and Virginia, was the first so
designated. Later, Narragansett Bay in Rhode Island, Buzzards Bay in Massachusetts, Long Island Sound
in New York, Puget Sound in Washington, and San Francisco Bay in California, were added to the list.
The Albemarle-Pamlico Estuarine System of North Carolina was designated in 1987. A series of
activities were initiated to culminate in 1992 with a comprehensive management plan to more effectively
manage the system to reverse the trend of degradation. Considerable technical knowledge about
estuaries exists in publications, reports, and the scientific community of state, federal, and private
organizations. In addition, new information is being generated by studies supported by the Albemarle-
Pamlico Estuarine Study. Only limited efforts have been undertaken to synthesize and integrate this
knowledge into a comprehensive report. This technical report is an analysis of the status and trends and
will serve as the foundation for development of the comprehensive management plan.

The Albemarle-Pamlico Estuarine Study is composed of a Policy Committee, a Technical Committee,
two Citizens Advisory Committees, an Administrative Staff, and involved scientists and resource

managers. It is designed to represent a full spectrum of interests and talents and to be governed by
consensus.

The Albemarle-Pamlico Estuarine Study Policy Committee (on 15 August 1986) resolved that:

The goal of the Albemarle-Pamlico project will be to provide the scientific knowledge and
public awareness needed to make rational management decisions so that the Albemarle-Pamlico

Estuarine System can continue to supply citizens with natural resources, recreational opportunities,
and aesthetic enjoyment.

The objectives of the project will include, but are not limited to, generating understanding
of what is needed to maintain and, where necessary, restore the chemical, physical, and biological
integrity of the estuary, the wildlife habitat of the estuary, and the production levels of
recreational and commercial fisheries of the estuary.

This report is the starting point for achieving the goal and objectives of the Albemarle-Pamlico
Estuarine Study.
A. 2. Purpose of the Status and Trends Report
This report is an attempt to synthesize the existing information about the Albemarle-Pamlico
estuarine system and to assess the status and trends of probable causes apparent in the system. This
report will establish the foundation for the development of a comprehensive management plan for the

Albemarle-Pamlico Estuarine System.

The overall goal of this project is to provide agencies, scientists, and the public with an integrated
packet of information describing the state of knowledge of the Albemarle-Pamlico estuarine system.
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Specific objectives, therefore, were:

1. To develop an outline for each of the key issues of Critical Areas (Chapter II), Water Quality
(Chapter III), Fisheries (Chapter 1V), and Human Environment (Chapter V), and to set up a
mechanism for analysis and summarization;

2. To direct the attention of an organized group of the State’s top experts in each area to develop a
consensus of the status of each key issue;

3. To generate a narrative of the status and trends of the resources, to analyze the probable causes of
the major problems within the four key areas, and to test the conclusions against the theories of
technical experts, organizations, and leaders of public opinion; and

4. To publish the current information in a technical document and to create a general interest summary
for public use.

A. 3. Limitations of the Study

This exercise was approached through a series of work sessions in which the experts available
provided their ideas about the status and trends of issues confronting the estuary. Data files available to
and utilized by these experts form the basis for the technical analyses. Technical quality was emphasized
more than completeness, i.e., it was concluded that it was far better to relate an accurate picture than to
include every possible shred of data.

It should be emphasized that this is a "living document”; that is, further information and analyses will
be added as they become available. A comprehensive management plan will be developed from this
status and trends analysis.

A major limitation in the development of this report was the constraint of time compared to the
magnitude of the task of analyzing the status and trends. The analysis of status and trends involved the
input of a tremendous variety of interests in Albemarle-Pamlico estuarine system.

B. THE SETTING

B. 1. Geography and Boundaries

The Albemarle-Pamlico Estuarine System (A/P system) is one of the largest and most important in
the United States. Covering approximately 2,900 square miles (Table I-1), the waters of the A/P system
comprise the second largest estuarine system on the East Coast of the United States, exceeded in area by
only the Chesapeake Bay. Individual "estuarine profiles" have been completed for the Albemarle and
Pamlico systems (Copeland et al. 1983; 1984).

The A/P system comprises an extensive complex of creeks, rivers, swamps, marshes and open water
sounds, dominating northeastern North Carolina (Figure I-1). Tributaries originating in the Piedmont
serve as conduits from a major portion of North Carolina and southeastern Virginia. Albemarle Sound
is the drowned portion of the Roanoke River and its extensive floodplain. Other major, lateral
tributaries of Albemarle Sound include the Chowan, Perquimans, Little, Pasquotank and North Rivers in
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Table I-1. Comparison of Albemarle and Pamlico Sounds (from the Albemarle-Pamlico Estuarine

Study Work Plan).

Item Albemarle Pamlico
Area (km?) 2,330 5,200
(mi?) 900 2,000
Watershed (km?) 47,552 32,427
(mi?) 18,360 12,520
Percent area of state inshore total 26 56
Freshwater Inflow (ft3/sec) 17,000 32,000
Volume of Sound (billion ft3) 23.1 91.5
(million acre ft.) 53 21
Time for inflow to replace volume 6 weeks 14 weeks
Salinity low moderate/high
Fisheries anadromous/fresh marine/anadromous
Percent catch of state total 14 78
Percent value of state total 5 73
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the north; and the Scuppernong and Alligator Rivers in the south. Pamlico Sound is the drowned
portion of the Tar and Neuse Rivers and their extensive floodplains.

Several small, lateral tributaries drain off the low, flat, swampy coastal area, the largest one being the
Pungo River in the north.

Neither sound is directly connected to the Atlantic Ocean; both lay behind an extensive chain of
barrier islands referred to as the "Outer Banks". Albemarle Sound has three open-water estuaries at its
castern end that are parallel to the Outer Banks: the freshwater Currituck Sound to the north, and
brackish Croatan and Roanoke Sounds to the south. Albemarle Sound is connected to the ocean only
through Croatan and Roanoke Sounds via Pamlico Sound. As a result, Albemarle Sound is strongly
influenced by freshwater flows and only marginally by the Atlantic Ocean. Pamlico Sound is connected
to the ocean through several inlets including Oregon, Hatteras, Ocracoke, Drum, Bardon, and Beaufort.
These tidal connections exert considerable oceanic influence on Pamlico Sound.

Albemarle Sound and Pamlico Sound, as well as Core, Bogue, and Currituck Sounds and Back Bay, are
the focus of the Albemarle-Pamlico Estuarine Study and, therefore, of this report. The study area
(Figure I-1), however, encompasses the entire drainage basin for the Albemarie and Pamlico Sounds,
except for the portion of the Roanoke River Basin that lies above the Lake Gaston dam. This includes
36 counties in North Carolina (roughly 1/3 of the state) and 14 counties in Virginia (roughly 1/6 of the
state).

B. 2. Geological Origin

Sediments and sedimentary rocks of marine origin underlie the entire sound region (Brown et al.
1972). These sediments were deposited when the ocean covered portions of the coastal plain on top of
the same type of crystalline rocks that occur in the Piedmont. As the coastal system migrated back and
forth across the coastal plain-continental shelf over the last 100 million years, layers of stratified rock
were formed. The marine sediments range in thickness from 600 meters at Washington, North Carolina,
to 1500 meters near Swanquarter, to over 3000 meters at Cape Hatteras (Figure I-2).

While each in the series of formations has a distinctive textural, mineralogical, and fossil composition,
and while each was deposited during a specific period of geological time, these formations have little
direct bearing on the present-day functioning of the Albemarle-Pamlico Estuarine System. Only the
uppermost veneer of unconsolidated sediments has a direct bearing on the modern estuary. These
sediments dictate the general characteristics of the estuarine margins, bottoms, topography, soil types,
water drainage, and use of the adjacent land areas. The names and ages of formations shown in Figure
1-2 place the present-day estuary and its sediments in context.

Sediments of interest for the current Albemarle-Pamlico estuarine system include those from the Upper
Miocene to the Pleistocene and Recent. The Miocene sediments (roughly 250 million years old) contain
several fossil layers and comprise the sediments from which the phosphate mining industry along the
Pamlico River is derived. The Pliocene sediments, deposited during the time of rapidly changing
sequence in coastal environments (25 to 1 million years ago), are extremely complex and include gravel,
sands, clays, peats, and all possible combinations of these (Hartness 1977). Most of these units are not
fossiliferous or, if they have been, the fossils are often partly or completely leached out by acidic
groundwater moving through the surface aquifers. The Pliocene and Pleistocene sediments range in
thickness from a few meters up to 20 or more meters throughout the inner and middle estuarine areas,
increasing to 15 to 25 meters under the outer portions of the Albemarle-Pamlico estuarine system.

Recent sediments were formed during the Ice Ages of the Pleistocene, when the advancing and
retreating ice sheets brought about worldwide fluctuations in sea level. When the last major glacial
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advance reached its maximum about 17,000 to 18,000 years ago, the edge of the continent was about 40
km east of Cape Hatteras. The land surface sloped gently seaward and was dissected by rivers and
associated tributaries with moderately deep channels and broad flood plains. Climate and vegetation
were such that maximum surface water discharge and sediment erosion occurred (Whitehead 1981). The

products of such an environment were the coarse sands and gravels deposited on the North Carolina
Coastal Plain.

The present rise of sea level began sometime after 17,000 years before the present (ybp) when the
climate began to warm and glacial ice masses receded. The sedimentary and physical character of the
present sound system began to be defined at that time. As the climate continued to warm, the
vegetation slowly evolved into the hardwood and pine forests that characterize the southeastern United

States today. And, the estuarine system impinged landward across the continental shelf to its current
position.

A major geomorphic feature known as the Suffolk Scarp, or the Arapahoe Ridge, trends north and
south across the western portion of the A/P system and divides the area into two distinct geomorphic
provinces. This prominent sand ridge rises to 6 to 9 meters of elevation and represents an old barrier
island shoreline formed by the sea during a previous Pleistocene interglacial period when sea level was
higher than it is now. West of the Arapahoe Ridge, the terrain gently rises to the Piedmont. To the
cast lies the Pamlico Terrace, which has a low, flat surface sloping from 3 to 5 meters of elevation at the
base of the scarp eastward to 0.3 to 0.6 meters of elevation at the end of the land peninsula. This
geologic setting has resulted in low, poorly drained land with extensive swamps and pocosins composed
of organic peat soils that generally thicken eastward.

B. 3. Climate and Land

The climate in the area of the Albemarle-Pamlico estuarine system is moderately mild and moist,
creating a good environment for agriculture, forestry, and fisheries. Northeastern North Carolina and
southeastern Virginia generally receive between 47 and 56 inches (120 and 142 cm) of rain per year,
though spatial and temporal variation are great (Wilder et al. 1978). Dry years average about 35 inches
(89 cm) and in wet years may reach 78 inches (200 cm) of rainfall. Seasonal distribution of precipitation
is relatively uniform, with the highest precipitation occurring in association with thunderstorms in the
summer and the lowest occurring during fall and spring. Temperature is moderate. January
temperatures average between 6 and 8 C° (43 and 46 F°); the low seldom falls below -12 C° (10 F°).
Summers are hot and humid, with the average daytime temperature often exceeding 32 C° (90 F°) in
July and August. Although winds are variable, the prevailing winds are from the S-SW with average
velocities of 9 to 10 mph (15 to 16 km/hr) (Clay et al. 1975). Special situations arise with northern
winds of high velocities (most common in the winter), and localized thunderstorms, hurricanes, and
tornadoes (most common during the spring, summer, and fall).

The area directly surrounding the Albemarle-Pamlico Estuarine System is heavily forested; in fact,
about two-thirds of the land in the counties surrounding the sound system is in forest or under water
(Table I-2). Land use studies indicate small urban areas and a generally rural setting. Land use changes
in the area are primarily from forest to agricultural uses, not to urban development.
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Table I-2.

Land Area and Land Use (in acres) in the Counties Surrounding Albemarle-Pamlico

Estuarine System. From the US Soil Conservation Service National Resources Inventory of

1982.

Total Water Urban Crop Forest Wet-
County Acres Etc. Land (total) lands
Beaufort 612,980 86,530 20,800 131,300 333,000 43,700
Bertie 471,379 22,784 2,100 95,600 331,800 93,300
Camden 203,770 49,857 300 40,400 93,900 69,100
Carteret 673,625 337,260 22,400 53,000 93,500 48,800
Chowan 154,784 38,622 3,300 49,100 55,800 11,900
Craven 487,213 38,272 21,900 76,400 250,500 69,800
Currituck 281,082 117,505 2,800 54,200 55,400 31,200
Dare 800,601 550,495 15,800 5,200 33,978 58,078
Hyde 871,136 471,635 800 117,000 170,800 121,600
Pamlico 368,186 150,119 2,900 36,700 138,700 50,900
Pasquotank 185,203 39,283 5,800 76,100 46,400 26,400
Perquimans 208,845 51,212 2,200 96,500 52,400 11,800
Tyrrell 383,143 122,778 200 61,900 187,000 187,000
Washington 264,486 52,243 2,000 81,400 115,800 47,200
Total 5,966,433 2,128,595 103,300 974,800 1,958,978 870,778
Percent 36 2 16 33 15

B. 4. Hydrography

The Roanoke and Chowan Rivers are the main sources of freshwater for Albemarle Sound (Giese et
al. 1979). Of the approximately 17,000 cubic feet per second (cfs) net, annual average freshwater inflow
to Albemarle Sound, over half (8,800 cfs) is from the Roanoke River (Table I-3). Major sources of
freshwater into Pamlico Sound (Table I-4) are Albemarle Sound (17,000 cfs), the Pamlico (Tar) River
(5,400 cfs), and the Neuse River (6,100 cfs); the average annual inflow is 31,700 cfs (Giese et al. 1979).
Freshwater input is not evenly distributed throughout the year; the highest runoff occurs during the late

winter and early spring, and the lowest occurs during the fall.

Wind is the most important factor influencing short-term circulation in the Albemarle-Pamlico

Estuarine System, with tides and freshwater inflows from tributaries playing secondary roles (Giese et al.
1979; Pietrafesa et al. 1986). The embayed lateral tributaries are very responsive to wind tides; winds
blowing downstream may often drive most of the water from the embayment (Overton et al. 1988).
Because of the shallowness of the sounds, their long fetch, and essential separation from the ocean, wind
and wave action usually eliminate vertical stratification (especially in Albemarle Sound) except under

certain calm or high-freshwater-inflow conditions.

The total annual average outflow from Albemarle Sound is larger relative to the sound’s volume
(about 5.3 million acre-feet) than the out flow from Pamlico Sound (32,000 cfs and 21 million acre-feet,
respectively). This difference gives rise to an apparently much shorter time for inflow to replace the
volume of water in Albemarle Sound than in Pamlico Sound (Table I-1). Combined with the almost
total isolation of Albemarle Sound from the ocean, this results in very much lower salinity conditions
than in the Pamlico.
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Table I-3. Gross Water Budget (cfs) for Albemarle Sound, 1965-1975. From Giese et al. (1979).

Precipi- Evapo- Chowan Roanoke All Other Total
Month tation ration Inflow Inflow Inflow Output
January 2,800 1,000 6,500 10,000 4,200 23,000
February 3,400 1,700 9,100 12,000 5,900 28,000
March 2,900 2,200 8,600 10,000 5,600 25,000
April 2,500 3,400 6,600 11,000 4,300 21,000
May 2,800 3,900 3,700 10,000 2,400 16,000
June 3,600 4,200 2,600 8,500 1,700 12,000
July 5,400 4,100 3,000 8,000 1,900 14,000
August 5,000 3,500 3,500 7,500 2,200 15,000
September 4,300 2,800 3,000 6,500 2,000 13,000
October 2,500 1,800 2,200 6,500 1,400 11,000
November 3,000 1,400 2,500 7,500 1,600 13,000
December 2,600 900 4,400 8,300 1,300 16,000
Annual 3,400 2,600 4,600 8,800 2,900 17,000
Table I-4. Gross Water Budget (cfs) for Pamlico Sound. From Giese et al. (1979).

Precipi- Evapo- Albemarle Neuse Tar Total
Month tation ration Inflow Inflow Inflow Output
January 6,800 2,300 22,800 8,700 7,600 44,200
February 7,900 3,300 28,300 11,000 9,700 54,500
March 6,600 4,900 25,000 9,700 8,600 45,800
April 5,400 7,500 21,300 6,700 5,900 32,400
May 6,600 8,600 15,500 5,800 5,100 24,800
June 9,300 9,300 12,200 3,200 2,800 18,400
July 12,600 10,000 14,200 4,600 4,000 25,700
August 12,100 7,700 " 14,700 5,600 4,900 30,000
September 10,800 6,100 13,100 4,300 3,800 25,300
October 6,700 4,100 10,700 4,000 3,600 21,200
November 7,100 3,000 13,300 4,200 3,700 26,600
December 7,000 2,000 15,600 5,700 5,000 31,800
Annual 8,300 5,700 17,200 6,100 5,400 31,700
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B. §. Groundwater Resources and Quality

Abundant groundwater occurs in the unconsolidated sedimentary deposits (Heath 1980), which range
in thickness from a few meters along the fall line to more than 3,000 meters at Cape Hatteras (Figure I-
2). Most of the groundwater available in the coastal plain is from the upper aquifer and the limestone
aquifer (Wilder et al. 1978). The upper aquifer yields the most water and is the one most susceptible to
contamination by land use activities. The water table lies very close to the surface in much of the low-
lying areas around the sounds.

Coble et al. (1985) have reviewed groundwater resources of North Carolina. Giese et al. (1987) and
others have summarized information on groundwater quality for North Carolina. The following
discussion was drawn almost exclusively from these two sources.

B. 5. a. Overview. Groundwater supplies nearly 58% of the approximately 6.2 million people in
North Carolina; about 435 million gallons per day of fresh groundwater is used in the State.
Groundwater is economically important in the Coastal Plain province, where high-yielding aquifers
supply most municipalities, industries, rural areas, and livestock. The lack of reliable groundwater
supplies has been a limiting factor to economic growth in the eastern portion of the state, particularly in
parts of northeastern North Carolina and the Outer Banks.

Roughly 20% of the annual Coastal Plain precipitation (44-56 inches) recharges the groundwater
system in the Coastal Plain (Winner and Simmons 1977). Most of the water recharged to the
groundwater system moves laterally through shallow aquifers and discharges to streams, thereby
constituting a major part of surface water baseflow. Less than one inch per year of the recharge
typically reaches the deep aquifers in the Coastal Plain.

In general, the quality of the groundwater in the Albemarle-Pamlico Estuarine region is good and
most groundwater supplies meet drinking water standards (NC Department of Human Resources 1984).
Treatment of groundwater is required in some places, however, because of naturally-occurring or human-
induced water quality problems. The presence of salt or brackish water in all aquifers in the eastern
part of the State is the most widespread naturally-occurring groundwater quality problem in the
Albemarle-Pamlico estuarine region (Figure I-3). In locations where groundwater is pumped near
naturally-occurring saltwater, the saltwater may encroach upon pumped wells, resulting in increased
concentrations of dissolved solids in parts of the aquifer. In some areas near agricultural operations,
elevated levels of nitrates are found in shallow aquifers. Other naturally-occurring conditions which may
render untreated groundwater unsuitable for drinking include excessive hardness, extremes in pH, and
unacceptably high concentrations of dissolved solids, chloride, fluoride, iron, manganese, and sodium.
Radioactive radon gas may be dissolved in groundwater that occurs in rocks of higher-than-average
uranium content and relatively low permeability. Rocks of this type include shale, clay, granite, and
phosphate ore.

Human-induced contamination of groundwater generally results from the leachate from landfills,
seepage from waste lagoons, seepage from underground storage tanks, accidental spills of chemical
materials, and saltwater intrusion from overdraught. Aquifer recharge areas are generally the most
vulnerable to contamination and, because groundwater moves slowly, the contamination may go
undetected for years. These contamination problems are serious where they occur, but the best
information indicates that known problems are local in extent.

B. 5. b. Principal Aquifers in the Albemarle-Pamlico Region. Four of the five major aquifers in
North Carolina used for water supply are in the unconsolidated and partly consolidated sedimentary
deposits of the Coastal Plain (Figure 1-4). The four aquifers are the Surficial, the Yorktown, the Castle
Hayne, and the Cretaceous aquifers. The areal extent and characteristics of the aquifers are given in
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Figure 1-3 and Table I-5, respectively. The fifth aquifer, which lies in the Piedmont and Blue Ridge
provinces of the State, is the Crystalline-Rock aquifer.

The Surficial aquifer, which is a near-surface deposit of either marine-terrace sand and clay or of sand
dunes, is a principal aquifer for the Outer Banks and the mainland north of Pamlico Sound (Figure I-
3). Individual well yields from this aquifer typically range from 25 to 200 gpm (gallons per minute); but
may exceed 500 gpm, particularly on the mainland.

The Surficial aquifer is the only source of freshwater, other than precipitation, for much of the Outer
Banks. Because freshwater is seldom found more than 100 ft below land surface on the Outer Banks,
water supplies are usually obtained from a large number of shallow vertical wells or from shallow
horizontal wells. Even so, as a result of pumping or naturally-occurring conditions, the concentration of
dissolved solids in water pumped from this area can exceed 500 mg/l, the national secondary drinking-
water standard (US Environmental Protection Agency 1986).

On the mainland, the Surficial aquifer is between 50 and 200 feet thick, and may yield one million gpd
(gallons per day) from small well fields. Dissolved solids concentrations, which are typically lower than
on the Outer Banks, are generally less than 200 mg/l. The pH, on the other hand, may be as low as 35,
rendering the water corrosive. Large amounts of humic material in some parts of the Surficial aquifer
may make the water unsuitable for chlorination and public supply (US Environmental Protection Agency
1985). Upon chlorination, the humic material combines with chlorine to form trihalomethanes, which
are thought to be carcinogenic.

Declines in water level in the Surficial aquifer are not widespread. Pumping one million gpd from a
well near Elizabeth City resulted in no measurable decline in an observation well 0.5 miles from the well
field.

The Yorktown aquifer is typically present between 50 and 150 ft below the land surface in the northern
part of the Coastal Plain (Figure I-3). The Yorktown aquifer commonly yields 15-90 gpm to individual
wells, although yields may occasionally exceed 500 gpm. Near Elizabeth City, the Yorktown aquifer
supplies about 1.4 million gpd to a well field.

Background or naturally-occurring concentrations of sodium are higher in water from the Yorktown
aquifer than from any of the other principal aquifers in North Carolina. The median concentration of
sodium in samples from the aquifer was reported to be 38 mg/l; 25% of the samples had concentrations
of sodium in excess of 130 mg/l (Giese et al. 1987). Although no state or national standards have been
established for sodium in drinking water, the US Environmental Protection Agency (1985) proposed a
health advisory guidance level maximum of 20 mg/ for drinking water. It appears that ion exchange is
responsible for the high levels of sodium in the Yorktown aquifer (Wilder et al. 1978); calcium in the
groundwater apparently exchanges for sodium in the aquifer materials, thereby increasing the
concentration of sodium and decreasing the concentration of calcium in the groundwater.

Withdrawals from the Yorktown are generally minor and the aquifer is readily recharged.
Consequently, widespread water-level declines have not occurred in this aquifer. Near Belhaven,
withdrawals of about 1.2 million gpd over a period of about 10 years have resulted in a water-level
decline of less than 10 feet.

The major source of freshwater in the southeastern coastal area, where nearly all aquifers contain some
saltwater, is the Castle Hayne (Figure 1I-3). The Castle Hayne is the most productive of the state’s
principal aquifers. Wells that yield more than 1,000 gpm can be readily developed in the aquifer, and
yields in excess of 2,000 gpm have been documented. Even in some locations, where aquifers above and
below the Castle Hayne contain saltwater, the Castle Hayne still yields freshwater.
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Table 1-5. Aquifer and Well Characteristics in the North Carolina Coastal Plain. From Coble et al.

(1985).
Aquifer Description Depth (ft) Yield (gpm)
Surficial Sand, Silt, Clay & Gravel 40 to 175 25 to 500
Unconfined or Partially
Confined.
Yorktown Sand & Clay. Partially 50 to 190 15 to 500
Confined or Confined.
Castle Limestone, Sandy 70 to 400 200 to 2,000
Hayne Limestone & Sand. Confined.
Cretaceous Sand, Clayey Sand 100 to 800 200 to 1,400

& Clay. Confined.

Water from the Castle Hayne is generally hard (121 to 180 mg/l calcium carbonate) to very hard
(greater than 180 mg/l) and may require treatment for some uses. Hardness is lower near recharge
zones, but increases with residence time in the aquifer. Iron concentrations are more likely to exceed
the state drinking water standard of 0.3 mg/l in recharge areas, but iron precipitates out as the water
moves through the limestone formation. Silica concentrations in excess of 50 mg/l are common, and
saltwater may be found in the deeper parts of the aquifer.

The largest groundwater withdrawals in the state are made from the Castie Hayne aquifer in efforts
to decrease artesian pressure and de-water overlying phosphate ore beds at a phosphate mine in Aurora,
Beaufort County. Over 60 million gpd are withdrawn from the aquifer and, as a consequence, water
levels have declined 5 feet or more in the Castle Hayne over an area of 1,300 square miles. Near the
phosphate mine, a water level decline of over 80 feet since 1965 has been observed (Coble et al. 1985).

The Cretaceous aquifer (Figure I-3) is the most widely used aquifer in the Coastal Plain, with much
of the withdrawal coming from the central and southern parts of the province. The aquifer occurs
between 100 and 600 feet below land surface (800 feet in some sites) and is very thick relative to the
other principal aquifers in the state. Individual wells in the Cretaceous aquifer typically produce
between 200 and 400 gpm; some well fields in the aquifer produce more than one million gpd.

Water from the Cretaceous aquifer is generally soft and alkaline and requires little or no treatment
for most uses. Water from some parts of the aquifer may, however, contain fluoride concentrations in
excess of 4 mg/l, the maximum allowable concentration under national drinking water standards (US
Environmental Protection Agency 1986). The presence of excessive fluoride may limit the use of water
for drinking from some parts of the aquifer. Additionally, the Cretaceous aquifer generally contains
brackish water in the deeper parts of the aquifer (Figure I-3).

Because the Cretacecous aquifer is heavily utilized throughout the Coastal Plain, declines in water
level are widespread. An observation well in the Cretaceous aquifer near Kinston has shown water level
declines of 80 feet or more since 1968. Because of withdrawals of 35 million gpd or more near Franklin,
Virginia (about 10 miles north of the state line), water levels have declined over an area of several
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thousand square miles in northeastern North Carolina. At the state line, water levels have declined
about 45 feet since 1966 and are estimated to have declined as much as 100 feet since the early 1940s
when the extensive withdrawals began.

There are two primary freshwater aquifers in southeastern Virginia. The Yorktown is a confined
aquifer (discussed above) found at depth. There is also an unconfined aquifer in the deposits overlying
the Yorktown aquifer. Both provide good quality drinking water, though some saltwater intrusion has
occurred in the deeper parts of the Yorktown aquifer.

B. 5. ¢. Groundwater Management. The NC Division of Environmental Management (DEM) has the
major responsibility for groundwater management and regulatory programs in the state. DEM
administers the point-source permit program, which primarily regulates facilities that discharge to surface
waters, but also includes unlined basins and holding ponds that have the potential to contaminate
groundwater. The non-discharge permit program, also administered by DEM, is, in essence, a
groundwater permit program that regulates activities such as sewer extensions, sludge disposal, land-
application systems, and waste lagoons that do not discharge to surface waters. Monitoring to assure
compliance with permits, is conducted at over 750 wells, which are monitored by the owners in
accordance with the conditions of the permits.

A well construction permit must be obtained from DEM for public supply wells; industrial and
irrigation wells; wells with a designed capacity of 100,000 gpd or greater; wells to be used for injection,
recharge or disposal purposes; and non-domestic wells located in a designated Capacity Use Area (North
Carolina Well Construction Act of 1967, Article 7-87-88). A Capacity Use Area is an area in which the
renewal and replenishment of the groundwater supplies are believed to be threatened. Such areas are
designated by the NC Environmental Management Commission. All well drillers must register annually
with DEM and are required to report all well completions and abandonments.

Landfills are regulated by the NC Division of Solid Waste Management. The Division is responsible
for monitoring solid and hazardous waste disposal sites and is responsible for the human health aspects
of public water supply systems, including approval of sources of raw water and establishment of state
drinking water standards.

B. 6. The Estuary and Society

Native Indians called Albemarle Sound "Weapemeoc™ and lived around the area prior to the arrival of
European settlers in the sixteenth century. Albemarle was first explored by Sir Walter Raleigh’s
colonists under the leadership of Ralph Lane during the spring of 1586. Not unlike today, Lane’s
Albemarle Sound expedition encountered bad weather, natives fiercely proud and defensive of their
territory, and conflicts over presumed rights. While the details and characters have changed, people in
the four centuries since have been and are the product and continuation of historical Albemarle Sound
(Stick 1982).

The size and isolation of the Pamlico Sound limited early settlement by colonists. Beginning with the
settlement of Jamestown, Virginia, in 1607, early settlement began north of Albemarle Sound and later
spread southward. Settlers built homesteads along the shores, produced crops for export, and sailed
their crafts from sound to sea through the inlets of Currituck and Roanoke in the 1600s. Throughout
the seventeenth century, Albemarle Sound was the hub and heart of North Carolina, and Edenton, one
of the colonial capitals, was the center of trade (Stick 1982). Numerous communities and small towns
were established near the water, and land was cleared in ever-increasing acreage for agriculture. Fishing
thrived and timber provided raw materials for local use and export. Southern migration continued,
leading to the establishment of Bath on the northern shore of the Pamlico River Estuary in 1704. The
sounds served as important highways for the transport of goods in colonial North Carolina and Virginia.
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Even with the addition of a modern tourism economy, coastal North Carolina is still very dependent
upon agriculture, forestry, and fishing just as it was 400 years ago. It is important that policy and
management decisions be made with consideration of settlement history. The Albemarle-Pamlico
estuarine system has dominated eastern North Carolina and southeastern Virginia for centuries and is
bound to continue to do so.

C. ENVIRONMENTAL CONCERNS AND PROBABLE CAUSES

C. 1. Identification of Environmental Concerns

Definite changes have taken place in the Albemarle-Pamlico estuarine system in recent years. The
"Albemarle-Pamlico Estuarine Study Work Plan" identified a series of environmental conditions that
concern scientists, management agencies, and the public. There is a general impression that events of
concern have become more frequent and that conditions that cause definitive environmental problems
are not well understood.

C. 1. a. Declines in Fisheries Productivity. Major declines in commercial anadromous fisheries have
occurred in the Albemarle-Pamlico region since the 1970s. Striped bass, shad, and river herring landings
from the Albemarle Sound are greatly depressed from historic levels. Commercial landings of croaker,
catfish, and flounder have declined since 1980. Blue crab landings have fluctuated, with a current lower-
than-average catch. The shrimp catch, traditionally the most valuable of all North Carolina commercial
fisheries, has declined over the last decade. Recreational fishermen often complain that “fishing is not
what it used to be" and that the catch-per-unit-effort has declined over the past decade. The reasons for
these declines remain equivocal, but undoubtedly include declining water quality, critical habitat loss or
alteration, and over-fishing. Declines are expected to continue unless causes can be ascertained and
corrective steps taken.

C. 1. b. Sores and Diseases. Recent outbreaks of ulcerative mycosis in commercially important
species in the Pamlico present a major challenge. Up to 100% of the menhaden sampled in the Pamlico
River estuary during the past five years were affected; other commercially important species (such as
flounder and weakfish) were affected to a lesser extent. Recent investigations suggest that stress related
to water quality degradation is an important factor leading to disease outbreaks, but epidemiological
relationships are poorly understood. "Red sore disease” reached epidemic proportions in some
commercial species in Albemarle Sound during the 1970s, but the causes for the outbreaks and the
potential for re-occurrence remain ambiguous.

More recently, blue crabs from the Pamlico River estuary, with "holes" in their shells, have been
reported. Preliminary research indicates that the holes are the result of microbial invasion, possibly
facilitated by water quality degradation.

C. 1. c. Anoxia-Related Fish Kills. Fish kills reported from the Pamlico River estuary have increased
significantly in recent years. Variability in inter-annual conditions and the lack of reliable reporting make
trend analysis difficult, but the available information suggests that fish kills are becoming more common.
Most of the fish kills seem to be related to oxygen depletion (probably because of eutrophication,
increased organic oxygen demand, and stratification), but the causal mechanisms are still not fully
understood. Regardless of the lack of specific documentation, fishermen complain that the intensity and
extent of anoxic waters have increased recently.

C. 1. d. Changes in Distribution Patterns of Benthic Organisms. Historic changes in distribution
patterns of important benthic organisms have been dramatic. Surveys suggest that viable oyster beds, for

Introduction - 16



example, have been displaced downstream roughly 10-15 miles in the Pungo, Pamlico, and Neuse Rivers
since the 1940s. The causes of this displacement are uncertain, but changes in salinity, sedimentation
patterns, and harvesting have been implicated.

Extensive beds of brackish water submerged macrophytes that existed in the western portion of the
sounds in the 1970s had almost disappeared by 1985. This decline parallels similar declines that have
been documented in the Chesapeake Bay and elsewhere. Reduction in submerged aquatic vegetation is
of crucial environmental concern because this decline represents a reduction in fisheries and waterfowl
habitats. While turbidity is believed to be a primary cause of decline, other physical factors may be
contributing to the trend. Some recovery in several areas has been recently observed.

C. 1. e. Impairment of Nursery Area Function. The fringe marshes and small embayments of the
Albemarle and Pamlico Sounds provide essential nursery functions for a majority of the commercial and
recreational fish and shellfish in the North Carolina coastal area. Freshwater drainage, land-use changes,
and eutrophication have jeopardized the functional aspects of the primary nurseries in several locations.
Although the exact extent of impairment may prove difficult to estimate where historical data are
lacking, restoration/mitigation may be easily accomplished through proper and timely assessment
programs. -

C. 1. f. Eutrophication. Blooms of noxious phytoplankton, in response to cultural enrichment of
estuarine waters with nutrients, are well documented in the Albemarle-Pamlico estuarine system. The
most notable blooms have occurred in the Chowan River (Albemarle) and the Neuse River (Pamlico)
during the last two decades. Many other tributaries display periodic blooms, depending on flow regimes,
nutrient loading, hydrography, and meteorologic conditions. While research has uncovered some of the
environmental relationships between ambient conditions and algae blooms, scientists have not yet
integrated all the information needed to explain how, when, and why blooms occur. Management for
minimizing their occurrence is, however, slowly evolving.

C. 1. g. Habitat Loss. Human activities in the region of the Albemarle-Pamlico estuarine system have
greatly affected ecosystem functions of estuarine and closely-linked wetland habitats. Dredging, draining,
and filling of productive bottoms, marshes, and pocosins have significantly reduced their areal extent and
modified the reproductive, migratory, and feeding patterns of a wide variety of aquatic and terrestrial
organisms. The relative value of such habitat is poorly understood, and restoration or mitigation
potential for impacted areas has yet to be evaluated. Implementation of new programs, such as the
"Swampbuster” provision of the 1985 Farm Bill, should reverse the trend of declining acreage of
wetlands.

C. 1. h. Shellfish Closures. Closure of shellfish waters in North Carolina, in response to Sanitary
Surveys (bacteriological, hydrological, and shoreline surveys) performed by the Shellfish Sanitation
Branch of the Division of Environmental Health, has remained relatively constant over the past few
years. About 36,000 acres of estuarine waters in the A/P study area are classified as "prohibited”. Often,
after heavy rainfall, additional acreage is closed for several days to several weeks. Within in the A/P
Study area, temporary closures are usually confined to tributaries in Carteret County. These roughly
15,000 acres of temporary closures represent continued localized degradation of estuarine water quality.
Albemarle Sound does not contain productive commercial shellfish beds, but Pamlico Sound has oysters,
clams, and bay scallops in several areas. Core and Bogue Sounds are significantly affected.
Relationships between contamination and land-use characteristics are poorly understood. New
techniques to more accurately measure contamination and potential human impact are needed so that
management can more effectively allocate shelifish resources.

C. 1. i. Toxicant Effects. Very little is known about the effects of toxicants on estuarine organisms
and the distribution of toxic substances in the Albemarle-Pamlico estuarine system. Specific locations
have been identified where elevated concentrations of toxicants exist, but large-scale problems have not
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been documented. Public concern has been voiced about the potential toxicity of specific constituents of
permitted and proposed discharges, but in general, water quality is still good and only a few sediment
"hot spots” have been identified to date. A three-phase survey of toxic contaminants in the A/P
sediments is currently underway.

C. 2. Identification of Probable Causes

Human activities in the Albemarle-Pamlico estuarine system include agriculture, forestry, residential
and commercial development, mining, national defense, recreational and commercial fishing, tourism and
recreational development, and wildlife hunting and preservation. All these activities generate waste
and/or changes in the landscape and land-use. During the time-frame in which the environmental
concerns outlined above have become more apparent, human activities have undergone major changes.

C. 2. a. Agriculture. Agriculture is the largest industry in the 28 North Carolina counties of the
central and northern Coastal Plain surrounding the Albemarle-Pamlico estuarine system. These counties
generate an annual return of over $1.5 billion from agriculture. The highly productive soils represent
45% of the State’s cropland and produce 50% of the State’s swine, 25% of the State’s chicken, and a
large proportion of the State’s corn, soybean, tobacco, potato, wheat, and peanut crops.

The 1989 North Carolina Nonpoint Source Assessment Report (NC DEM 1989) lists agricultural
practices as the dominant source of nonpoint source pollution for the surface waters of the state.
Agricultural practices were found to be a significant source of water quality problems in approximately
67% of the degraded rivers and streams and 61% of the degraded estuarine waters (Nichols et al. 1990).
In the Virginia portion of the A/P Study area, agriculture and swine production are considered to be the
largest sources of water pollution.

In the lower areas east of the Suffolk Scarp and in southeastern Virginia, the major crops are corn,
wheat, and soybeans. Farming activities are highly mechanized, and most individual operations are much
larger than the statewide average. Soils require extensive drainage for most agricultural operations;
consequently, large acreage are drained into networks of canals, the runoff from which eventually reaches
the estuaries.

Concerns about agricultural impacts include (1) nutrient loading of receiving waters, particularly from
animal wastes and fertilizers applied to fields; (2) increased freshwater peak flows into saline primary
nursery areas; (3) degradation of water bodies from sedimentation; and (4) pathogenic microbes in
shelifish areas. The degree to which agriculture causes declines in water quality depends upon many
factors, including the weather, specific crops grown, and the application of Best Management Practices
(BMPs). BMPs recommended for the Coastal Plain control soil erosion, sediment delivery, animal waste
disposal, fertilizer runoff, and drainage water, and have been demonstrated to reduce the impact of
agriculture on water quality.

Agricultural acreage is expected to remain relatively constant in the region during the foreseeable
future. Relative mixes of crops and agricultural activities will vary interannually, depending upon
economics and environmental conditions. Animal production (particularly hogs and chickens) is expected
to continue to increase at a rate similar to that of recent years. The use of BMPs should reduce the
potential for nonpoint pollution. The NC Agriculture Cost Share Program encourages widespread
implementation of BMPs. Effective water management is proving to be very attractive to farmers and its
use should increase.

C. 2. b. Commercial Forestry. Forest land of the A/P region produces raw materials for a diverse
forest products industry. The forests also function as wildlife habitat, recreational areas, and filter and
surge control mechanisms for fresh waters entering the sounds.
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Analyses of recent US Forest Service woodland inventories and information from the NC Division of
Forest Resources reveal the following trends in forestry activities:

1. Total forest area has declined at an average annual rate of about 20,000 acres per year during the
past few years.

2. The areal extent of pond pine, oak-gum-cypress, and natural pine stands decreased between 1964
and 1984. Other hardwood types and pine plantations have increased during the same period.

3. Land ownership patterns have shifted; privately owned acreage has declined and corporately
owned acreage had increased.

4. The annual rate at which pine plantations are established has decreased, and the degree of
disturbance associated with plantation establishment has also declined.

5. The use of herbicides, prescribed burning, and fertilizer during the establishment of pine
plantations has increased.

6. Installation rates of drainage systems in woodlands have declined. It is estimated that about 75 to

80% of the land owned by the forest industry, for which drainage is feasible has drainage systems
in place.

C. 2. c. Residential and Commercial Development. Residential and commercial development varies
greatly from one area to another in the Albemarle-Pamlico region. Residential uses, including trailer
parks, condominiums, and housing neighborhoods, are concentrated near the ocean and around the
shorelines of the sounds. Commercial uses, ranging from marinas to central business districts and
shopping centers, are concentrated near population centers and the Outer Banks. The initial push to
develop was concentrated at the oceanfront, but has recently expanded to the shores of the sounds and
rivers further inland. Activities have been most concentrated in Dare, Carteret, Craven, and Beaufort
Counties. These trends seem to be continuing.

C. 2. d. Mining and Industrial Development. The Albemarle-Pamlico estuarine area is not highly
industrialized in comparison to other areas of the country, however, there are several, isolated, large
manufacturing and mining operations close to the sounds that have potentially significant impacts on
water quality. Notable examples include a phosphate mining and processing facility on the Pamlico
River; pulp and paper mills on the Neuse, Chowan, and Roanoke Rivers; a metal plating operation on
the Neuse River; and textile/synthetic fibers manufacturing plants on the Pamlico, Chowan, Roanoke,
and Neuse Rivers.

Several smaller industrial operations, such as animal processing operations, fish houses, printing
shops, chemical manufacturers, and boat builders or repairers lie around the shores and tributaries of the
sounds. Industrial operations upstream also affect the estuary. Large-scale peat mining in the region is
still a speculative venture.

C. 2. e. National Defense. The US Department of Defense operates 19 facilities, occupying more
than 97,000 acres in the Albemarle-Pamlico region. Included are:

1. Atlantic Intracoastal Waterway -- Transportation activities have potential impacts from, for
example, oil spills and discharge of petroleum by-products and wastes from vessels. Maintenance
dredging generates intermittent impacts from increased turbidity and disposal of spoil. There is
increasing use of the waterway by recreational crafts.
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2. Military Bases -- The Cherry Point Marine Air Station is the largest installation adjacent to the
sounds. It is a potential source of hazardous wastes and point source waste disposal.

3. Bombing Ranges and Target Areas -- Site-specific physical affects occur in these areas in and
around the sounds. Broader and more significant impacts may result from interest conflicts
among commercial fishermen, recreational users, wildlife, commercial and private aircraft, and
travelers on the Intracoastal Waterway. Proposals have been recently offered to expand bombing
ranges in the area.

C. 2. f. Waste Disposal. A major use of the Albemarle-Pamlico estuarine system and its tributaries is
for the disposal of wastes generated by domestic, industrial, and defense facilities, and by other human
activities in the watershed. Point source contributions come from identifiable facilities regulated by the
North Carolina Division of Environmental Management. A very large proportion of the inputs are non-
point in origin, and come from runoff from land-based activities and groundwater discharge.

Impacts of waste disposal are evident in the Albemarle-Pamlico system, but the exact causal
relationships and magnitudes of effects are not well documented. Eutrophication, as expressed in algal
blooms, is an obvious result of anthropogenic augmentation of nutrient fluxes. Other effects, such as the
occurrence of ulcerative sores in fish and major shifts in the distribution and abundance of estuarine
organisms, seem to be linked to waste loadings, but the causal relationships are extremely unclear.

C. 2. g. Commercial Fisheries. Commercial fishing was one of the primary trades practiced by the
original settlers of the coasts of North Carolina and Virginia. The Albemarle-Pamlico estuarine system
is the ecological basis for most of our fishing industry. Its diversity and setting result in a complex of
habitats that support diverse exploitable fishery species. Gear and fishermen are equally diverse. The
number of licensed vessels fishing in the area continues to increase. Most fishermen do not rely on
single species of fish or shellfish, but pursue a variety of species over different seasons with different

gear types.

Problems in commercial fisheries include over-fishing, conflicts in allocation of species and catch
between commercial and recreational demands, by-catch from trawling and pound net fisheries and
declining catches for several species. Other issues revolve around the impacts of mechanical harvesting
of shellfish on the environment and the disturbance of habitat by traditional harvesting techniques.

C. 2. h. Recreational Fishing and Boating. Millions of man-days of recreational fishing occur in the
Albemarle-Pamlico area on an annual basis. A large proportion of the boating activities in the area
support the recreational fishing effort. Boating also occurs for commercial fishing, sailing, water skiing,
and other recreational activities. In 1986, over 49,000 boats were registered in the 25 coastal counties in
the study area (roughly 23% of the 218,000 boats registered in North Carolina), however many inland
boaters and fishermen also utilize the sounds. Boating access consists of 64 public launching ramps and
117 privately owned or commercial access areas. Specific estimates of fishing and boating effort and fish
harvest are not available, but the activity is increasing at a rapid rate.

C. 2. i. Tourism and Recreation. Tourism and recreation are significant and growing economic and
developmental forces in the Albemarle-Pamlico area. Development of second homes and support
facilities has accelerated. There is a general consensus that demand for recreational activities in the
coastal area will continue to increase over the next few years. As recreation-related activities increase,
human impacts in terms of waste disposal, water supply requirements, destruction of wildlife habitat,
stormwater runoff from developed areas, and pollution associated with pleasure boats and marinas will
become increasingly significant sources of stress on the estuarine environment.
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C. 2. j. Wildlife Resources. The Albemarle-Pamlico estuarine system area is an important
component of wintering waterfowl habitat in eastern North Carolina. Surveys have consistently shown
that the majority of wintering Canada geese, snow geese, tundra swans, Brant geese, diving ducks, and
sea ducks utilize the estuary system. A variety of other wildlife also utilize the diverse habitat of the
area. Several threatened and endangered species are found around the sounds. Potential human impacts
come from habitat loss, increasing hunting activities, and the development of private waterfowl
impoundments.

The US Fish and Wildlife Service owns and manages 9 wildlife refuges in the area, encompassing
254,226 acres. These are Mattamuskeet, Swanquarter, Pungo, Cedar Island, Alligator River, Pea Island,
Currituck, Mackay Island, and a portion of the Great Dismal Swamp (more recent proposals for sites on
the Roanoke River and Dare/Tyrrell County peatlands will add to the total). Major management
objectives include provision of optimal habitat for waterfowl and other migratory birds, preservation of
threatened and endangered species, preservation of species diversity, preservation of prime examples of
habitats, and provision of opportunities for wildlife-oriented education, interpretation and recreation.
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A. INTRODUCTION

The natural resources of the Albemarle-Pamlico (A/P) region constitute the foundation of the
region’s inherent wealth. Some components of this base, termed "resource critical areas,” are
particularly important in sustaining its vitality. We have viewed critical areas in the context of
biophysical systems -- ecosystems, biotic communities, and habitats -- which are noteworthy: (1)
because of their role in maintaining estuarine productivity, (2) as indicators of the environmental
health of the region, or (3) because of their uniqueness, sensitivity to disturbance, or relationship to
regional development.

Each type of critical area is characterized in terms of its distribution and biotic and abiotic
attributes, its functional role in the larger A/P ecosystem, environmental factors which limit its
occurrence, the adequacy of information upon which to make management decisions, and trends in its
distribution and quality. Each section also contains a short summary of existing regulatory
mechanisms governing the use and management of the critical area. Scientific names used in the text
are based on Radford (1968) for plants and the American Ornithologists Union (1983) for birds.

From perusing the chapter, a reader should obtain an understanding of the importance of each
critical area, the adequacy of our understanding of its composition and function, and the degree to
which it is threatened by current or impending natural or human-induced factors. Such an
understanding should enable administrators to better define tasks and allocate resources in the process
of developing a management plan for the Albemarle-Pamlico region.

B. SUBMERGED AQUATIC VEGETATION

B. 1. Description

Worldwide, submerged aquatic vegetation (SAV) constitute one of the most conspicuous and
common shallow-water habitat types. These angiosperms have successfully colonized standing and
flowing fresh, brackish, and marine waters in all climatic zones, and most are rooted in the sediment.
Frequently, SAV contribute a large portion of the total ecosystem productivity for the geographic
region of which they are a part. Under optimum conditions some species may fix carbon at rates
equal to or exceeding the rates of intensively farmed agriculture crops (Ferguson et al. 1980; Thayer et
al. 1984b). .

Organic matter produced by these systems, both particulates and dissolved organics, can be
transferred to secondary consumers through microorganism and herbivore consumption and through
detrital feeding. Leaves of SAV also provide a substrate for epibiotic organisms as well as a complex
structural habitat for juvenile and adult macrofauna (Ferguson et al. 1980; Thayer et al. 1984a, 1984b,
Kenworthy et al. 1988, and references cited therein).

Thus, a variety of primary and secondary sources of organic carbon in these communities
provides multiple food resources for invertebrates and vertebrates. No less important is the protection
afforded by the leaf canopy and the root mat systems. They provide refuge for pelagic and benthic
organisms of both commercial and recreational importance in their larval, juvenile and adult life
history stages (Adams 1979; Peterson 1982; Thayer et al., 1984b; Kenworthy and Thayer 1984;
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Kenworthy et al. 1988). Not all systems, however, provide equivalent habitat utilization potential.
The differences that do exist occur because of different species, leaf area, bottom coverage, and
hydraulic regimes (Thayer et al. 1984b; Fonseca and Fisher 1986).

Accompanying these functional attributes of SAV systems are interactions among the
above-ground or canopy portion of the meadow, the root mat, and the aquatic and sedimentary
environments that further enhance the role and value of these habitats. The grass blades, by exerting
drag forces on the overlying water, reduce current velocity within and across the meadow. Velocity
reduction promotes sedimentation of inorganic and organic matter, reduces turbulence, and reduces
scouring of the sediment (Fonseca and Fisher 1986). These processes significantly influence the ways
in which animals feed and what they feed on within the meadows, the distribution of flora and fauna,
and the general potential use of these systems by wildlife. A well-developed root mat enhances
sediment stability, absorbs inorganic nutrients from interstitial water in the sediments, and releases
both inorganic and organic nutrients into the interstitial water (Penhale and Smith 1977; Penhale and
Thayer 1980, Penhale and Wetzel 1983). Leaves and their associated epibiota absorb nutrients from
and secrete nutrients into the overlying water column. Therefore, where these systems are prevalent
they modify mineral cycles of shallow water environments.

Those factors most frequently considered limiting to the distribution and success of SAV are
salinity, turbulence, nutrients, and light. Because of physiological tolerances, long term salinity trends
can influence the up-estuary or down-estuary distribution of most SAV. Little research, however, has
been carried out on the physiological tolerances of most SAV species (McMillan and Moseley 1967).
Most research on SAV-nutrient interactions has centered on nutrient recycling processes rather than the
specific physiological nutrient requirements of the plants (Kenworthy et al. 1982). Under some
circumstances submerged aquatic plants may be nutrient limited, with nitrogen being the most
frequently implicated limiting nutrient for temperate marine species. However, the subjects of nutrient
sources and availability, and the general nutritional requirements of SAV, require more research.

Light availability appears to be the primary factor limiting both depth of SAV occurrence and
within-estuary penetration of most SAV (Thayer et al. 1984b; Dennison 1987; Stevenson et al. 1988;
Davis and Brinson 1989). Research on the productivity of SAV species as a function of insolation and
availability of photosynthetically active radiation, as well as research on changes in standing crops of
plants, generally supports the hypothesis that light availability is a primary limiting factor. Light
availability is a function of insolation, water clarity, and water depth; thus, factors affecting these
parameters should effect the distribution of SAV.

B. 2. Status and Trends of Information

The majority of research on the temperate seagrasses, particularly eel grass (Zostera marina), has
been conducted in only a few locations: around Beaufort, North Carolina (National Marine Fisheries
Service (NMFS) and the University of North Carolina Institute of Marine Sciences (UNC/IMS));
Chesapeake Bay. Long Island Sound, and Rhode Island on the Atlantic coast; and a few locations on
the Pacitic coast. Much of the information gathered on this species is generally applicable to the other
marine species common to the Albemarle-Pamlico Study area, such as Cuban shoalgrass (Halodule
wrightii), and to the halotolerant species widgeongrass (Ruppia maritima). Likewise, the functional
characteristics attributed to marine SAV are probably applicable to the brackist/fresh water complex of
species. Information needs apply across the board, but if relative habitat values are to be established,
there is a need for comparative research among habitats rather than on a single habitat type.
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Research in the Beaufort area has demonstrated that eelgrass and shoalgrass are highly productive
and provide an important substrate for epibiotic organisms that contribute to the overall productivity of
the system (see citations in Thayer et al. 1984b). Data also are available on population growth rates,
sediment-plant-nutrient interactions, epibiotic communities, and factors influencing SAV meadow
formation and dynamics (Kenworthy et al. 1982; Fonseca et al. 1983; Thayer et al. 1984b).

Information available from Bogue Sound, Back Sound, and Core Sound provides the major data
base on faunal utilization of seagrasses in North Carolina. Publications by researchers at NMFS and
UNC/IMS describe epibenthic and benthic invertebrate communities and the utilization of these marine
SAV habitats by fishery organisms (Summerson and Peterson 1984; Thayer et al. 1984b). Larval and
juvenile fish and shellfish including gray trout (Cynoscion regalis), red drum (Sciaenops ocellatus),
spotted seatrout (Cynoscion nebulosus), mullet (Mugil cephalus), spot, (Leiostomus xanthurus), pinfish
(Lagodon rhomboides), pigfish (Orthopristis chrysoptera), gag grouper (Mycteroperca microlepis),
white grunt (Haemulon plumieri), silver perch (Bairdiella chrysoura), summer flounder (Paralichthys
dentatus), southern flounder (P._lethostigma), brown shrimp (Penaeus aztecus), pink shrimp (P.
duorarum), blue crabs (Callinectes sapidus). hard shell clams (Mercenaria mercenaria), and bay
scallops (Argopecten irradians concentricus) utilize the SAV beds as nursery areas. They are the sole
nursery grounds for North Carolina bay scallops. SAV meadows are also frequented by adult spot,
spotted seatrout, summer and southern flounder, pink and brown shrimp, hard shell clams, and blue
crabs. Investigations are being conducted by NMFS on recruitment of fish and blue crabs to SAV and
the role played by SAV as refuge from predation. Ospreys, egrets, herons, gulls, and terns feed on
fauna in SAV beds, while swans, geese, and ducks feed directly on the grass itself. Green sea turtles
(Chelonia mydas) also utilize seagrass beds, and juveniles may feed directly on the seagrasses.

Little research has been done on the ecology of the extensive SAV meadows of Pamlico and
Albemarle Sounds. Information that does exist generally is limited to commercial fishery and nursery
habitat surveys, some of which was summarized in Epperly and Ross (1986). Little evidence of
faunal/habitat research exists other than bird censuses and, possibly, nursery habitat assessments
conducted in the brackish water SAV communities of the A/P Study area.

Limited information exists on the distribution, extent, composition, and seasonality of SAV
habitats in the A/P complex. The estimate of 200,000 acres of SAV in North Carolina is similar to that
of salt marshes in the state. Further, this estimate ranks North Carolina second only to Florida in
extent of marine SAV. Ground-based transect studies (Davis and Brinson 1980, 1983, 1989) and aerial
photography with ground-truth surveys (Vicars 1976; Carraway and Priddy 1983) have been used to
assess SAV distribution. The SAV distribution data base is limited to specific parts of the A/P Study
area and a variety of time periods. Recently, detailed aerial photography and ground truthing have
been conducted (Ferguson et al. 1989a, b). The only available charts of SAV distribution are for
marine SAV (Carraway and Priddy 1983: Ferguson et al. 1989a, b).

The only area in North Carolina with a significant historical record of observations and/or
biomass of brackish water SAV is Currituck Sound. For this reason it is difficult to determine
whether there have been major losses or gains in abundance or changes in distribution in the A/P
Study area as a whole. The literature on Currituck Sound has been reviewed by Davis and Carey
(1981) and Davis and Brinson (1983).

Studies have sporadically documented the status of SAV in the Currituck Sound since 1909.
After a review of unpublished literature, Sincock (1966) inferred that lush SAV was present in the
Sound from the mid-1800s until around 1918, at which time deterioration began. Slime mold and
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increased water temperatures, it is believed, weakened the SAV and made it susceptible to the virus
Labryinthula. Black spots and necrosis set in, resulting in the slow demise of the SAV population,
and the disruption of other organisms which had depended upon the SAV, such as the Black Brant
Goose, scallops, and fish. Throughout the eastern coast of North America and the western coast of
Europe, 90% of the SAV was lost to this disease in the 1930s. This deterioration, hypothesized to be
caused by a virus, was known as the "Wasting Disease" and was attributed to pollution from Norfolk
Harbor entering the Sound via the Albemarle and Chesapeake Canal. In 1932 operation of canal locks
began and the situation gradually improved -- SAV began to return to the Sound. By 1967, Eurasian
watermilfoil (Myriophyllum spicatum), an exotic, had become a pest species in the sound, but it has
caused few problems since about 1978. Transects that had been sampled in 1973 by Kearson (1976)
were rerun in 1978 (Davis and Carey 1981). Eurasian watermilfoil biomass in the Sound was about
one-half that of 1973; the decrease was attributed to unusual weather conditions which contributed to
water turbidity and turbulence. Further decreases were noted by 1988 (Davis and Brinson 1989).
Widgeongrass gradually increased in range, abundance, and biomass from 1973 to 1988, but this
species has a low overall biomass in the Sound. Most of the widgeongrass biomass appears in
embayments and between marsh islands; these areas were poorly represented in the transects.

SAYV, often dense and diverse, was present in most of the littoral of the Perquimans River in
1988. The North River was characterized by moderate to dense Eurasian watermilfoil in creeks and
embayments, and other species of SAV were present (Davis and Brinson 1989). The Little River also
had high areal coverage and biomass of SAV; Eurasian watermilfoil and, perhaps, leafy pondweed
(Potomogeton foliosus) were often in abundance. In contrast to the Perquimans and Little Rivers, the
Pasquotank River had become essentially barren by 1988. The only significant rooted aquatic
macrophyte biomass in the Chowan River in 1973-1974 was yellow waterlily or spatterdock (Nuphar
luteum) and water willow (Justicia americana) (Twilley et al. 1985).

Until the mid-1970s, SAV was common in the upper half of the Pamlico River estuary (Davis and
Brinson 1976, 1989). By 1985, however, SAV biomass had been reduced to about 1% of that of the
1970s and only widgeongrass was present (Davis and Brinson 1989). An after-the-fact analysis of the
decline suggests that unusual weather conditions in 1978 contributed to the problem. Any tendency
toward re-establishment of wild celery (Vallisneria americana), previously the most important species
in the estuary, was probably negated by the drought-induced extremely high salinities prevalent in
1981 (Davis and Brinson 1989). Wild celery reappeared in the Pamlico River in 1987 (Davis and
Brinson 1989) and spread rapidly in the middle reach in 1988, whereas only traces of wild celery were
present in the embayments along the western shore of Pamlico Sound. However, this population
appeared stressed relative to populations in Currituck Sound and most sites in the Neuse River. The
reasons for the poor growth of SAV in areas of the Pamlico River, where it once flourished, are not
clear. Light attenuation appeared similar to that in a wild celery bed in the Neuse River and was less
than that in a SAV bed in Currituck Sound. Epibiotic growth was generally light to undetectable on
the plants in the Pamlico River in July 1989. High salinities and a heavy epibiotic load may have
affected wild celery growth in the Pamlico River in 1988, as we hypothesize occurred in 1981. During
spring and early summer 1989, low salinities occurred following heavy rains. This reduced salinity
appeared to cause an increase in health and vigor of wild celery in Nevil Creek and tributaries of the
Pamlico River.

Among the tributaries of the Pamlico River, Chocowinity Bay, Blounts Creek, Bath Creek, South
Creek, Goose Creek, Pungo River, Pantego Creek and Pungo Creek, had little or no SAV in 1988
(Davis and Brinson 1989). The same was true for Slocum Creek, Clubfoot Creek, and Adams Creek
for the Neuse River and for Bay River. SAV was sometimes present in the sub-tributaries in these
systems. Except for locally dense Eurasian watermilfoil in tributaries of North and South Creeks of the
Pamlico River system, horned pondweed (Zannichellia palustris) and widgeongrass comprised
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practically all the SAV biomass in tributaries. Horned pondweed commences growth in winter and
tends to be replaced by widgeongrass in May and June. These species are generally present in the
littoral of smaller creeks to around the 1-1.2 m depth contour, especially in the upper and middle
reaches of the creeks. Thus, there tends to be SAV cover on these creeks throughout most of the year.

Small and generally healthy beds of wild celery were noted in a short stretch of the narrow
southern littoral of the upper reach of the Neuse River estuary in 1988 (Davis and Brinson 1989).
Traces of widgeongrass are present on both sides of the estuary. Assuming similar environmental
conditions, the potential for areal increase of wild celery is highly restricted by morphologic features
of the Neuse River, such as a narrow littoral in the low salinity reach.

Occasionally, seagrasses (eelgrass and shoalgrass) and widgeongrass occur in the same areas. The
co-existence of the three grasses is unique to North Carolina, and because of the different temporal
abundance patterns exhibited (Thayer et al. 1984b), feeding habitat and refuge for fish and shelifish are
provided almost year-round by these species.

Initial maps of SAV distribution in Bogue, Back and Core Sound were prepared by Carraway and
Priddy (1983). Based on photographs taken in 1981, the NC Department of Transportation estimated
there to be a total of 16,901 acres of SAV in their study area. Of the total, 75% was located in Core
Sound (from Lighthouse Channel to a line between Camp Point and Core Banks), 13% was located in
Back Sound (east and south of a line from Shackleford Jetty to the north end of Middle Marsh to the
southeastern corner of Harkers Island and running along the south shore of that island to Lighthouse

Channel), and 12% was located in western Bogue Sound (from Bogue Inlet to a line running from east
of Gales Creek to Rock Point).

Under funding from the A/P Study, the Beaufort Laboratory of NMFS conducted a visual aerial
survey of Core Sound and eastern Albemarle and Pamlico Sounds, and photographed Core Sound and
eastern Pamlico Sound at scales of 1:24,000 and 1:50,000 (Ferguson et al. 1989b). The project also
collected seagrass samples in Core, eastern Pamlico, Croatan, Roanoke, Albemarle, and Currituck
Sounds to provide ground-level verification for aerial photo-interpretation of SAV distribution and
regional data on SAV species composition. Project personnel also delineated SAV from 1985
photography of southern Core Sound and produced charts of seagrass habitat in Core Sound from
Cape Lookout to Drum Inlet.

This project delineated 11,844 acres of SAV. Roughly 88% occurred along the eastern shore of
Core Sound and roughly 12% occurred along the western shore of Core Sound (Figure II-1). SAV was
limited to a maximum depth of about 2 meters, probably as a result of light attenuation in turbid
water. Widgeongrass was uncommon but occurred most frequently along the western shore (maintand
side), whereas shoalgrass was more abundant on the eastern shore. Eelgrass provided most of the plant

biomass throughout the sample area but eelgrass and shoaigrass were of almost equal importance on a
leaf number basis (Ferguson et al. 1989a).

Ferguson et al. (1989b) observed a number of SAV habitats that had gone unrecorded in the 1981
study and noted an increase in size for others, particularly in the deeper waters of southern Core
Sound. Control of the timing of photography (low tide, and high water and air clarity) and

photographic quality increased ability to delineate SAV and probably accounted for the increased SAV
acreage estimate in 1989,
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Figure II-2 shows the approximate location of seagrass habitat in Pamlico Sound based on
previous reports, aerial overflights, analyses of the 1985 photography, and preliminary analysis of 1988
photography (Ferguson et al. 1989b). It is estimated that marine SAV covered approximately 200,000
acres of bottom habitat from Bogue Inlet to Oregon Inlet including Bogue, Back, Core and southern
and eastern Pamlico Sounds. About 80% of this total is along the southern and eastern periphery of
Pamlico Sound; however, the interpretation and mapping of this area is incomplete. Preliminary
analysis of ground truth samples indicates that all three species (eelgrass, shoalgrass, and
widgeongrass) coexist in the area north of Drum Inlet; shoalgrass is somewhat more dominant
(numerically) in both the northern Core Sound area and the southeastern Pamlico Sound area. As is
the case for southern Core Sound, SAV almost exclusively occurred at depths shallower than 2 meters.

Unlike the drastic changes and shifts that have occurred in the brackish water SAV community of
the A/P region (Davis and Brinson 1989), the marine SAV community appears relatively stable, at
least since the recovery of eelgrass from the "wasting disease” of the 1930s (see Thayer et al. 1984b
for discussion). The drought and increased water clarity during the summer of 1986 apparently caused
an increase in SAV abundance in southeastern Pamlico Sound and a concomitant increase in bay
scallop densities. Evidence is emerging, however, that "wasting disease-like" characteristics are
showing up in some of the eelgrass populations in southern Core Sound, Back Sound, and Bogue
Sound (Fred Short, University of New Hampshire, pers. com.).

The number of permits requested for development activities that potentially impact SAV
populations is increasing, as is evidence of clandestine removal of seagrasses. Clam-kicking (the
harvest of hard clams utilizing powerful propeller wash to dislodge the clams from the sediment) is a
contentious issue within the state of North Carolina. The scientific community is convinced that
mechanical harvesting of clams damages SAV communities (Peterson et al. 1983, 1987). The scallop
fishery also could be harmed by harvest-related damage to eelgrass meadows (Thayer and Stuart 1974;
Fonseca et al. 1984).

B. 3. Management

A number of federal and state laws require permits for modification and/or development in SAV.
These include Section 10 of the Rivers and Harbors Act (1899), Section 404 of the Clean Water Act
(1977), and the North Carolina Coastal Area Management Act (CAMA). Section 404 prohibits
deposition of dredged or fill material in waters of the United States without a permit from the US
Army Corps of Engineers. CAMA established the Coastal Resources Commission and requires a
permit from the Division of Coastal Management for development activities in designated Areas of
Environmental Concern.

The Fish and Wildlife Coordination Act gives federal and state resource agencies the authority to
review and comment on permits, while the National Environmental Policy Act requires the
development and review of Environmental Impact Statements. The Magnuson Fisheries and
Conservation Act of 1976 established eight regional Fishery Management Councils (FMC). The FMCs
are responsible for developing fishery management plans to insure the protection and conservation of
our commercial and recreational fisheries. The Magnuson Act has been amended to require that each
management plan include a habitat section as part of the document. In fact, each of the § regional
FMCs has established a habitat subcommittee which may recommend that permit requests submitted to
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the Corps of Engineers be denied because the proposed activity would impact upon habitat critical to
the fisheries in question.
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Fig. II-1.  Southern Core Sound with location of submerged aquatic vegetation. From Ferguson et al.
(1985b).
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These federal and state resource agencies and the FMCs must be made aware of a number of
potential sources of degradation of SAV. Factors influencing the existence of SAV have been
discussed in detail in a number of publications (e.g., Thayer et al.1984b; Davis and Brinson 1989;
Fonseca In Press).

Degradation of SAV habitat is most easily understood when broken down into categories of
indirect and direct causes. Direct causes include dredging and filling, regulated through Section 10 and
Section 404 permits. Indirect losses of SAV are more subtle and difficult to assess. These losses center
around changes in light availability caused by changes in turbidity (see Description). Turbidity may
result from upland runoff -- either suspended sediments or dissolved nutrients. The introduction of
additional nutrients from terrigenous sources often leads to plankton blooms and increased populations
of epiphytes on the plants, reducing the light received by the SAV plants themselves. Groundwater
enriched by septic systems also may infiltrate SAV areas and have the same effect (Fred Short,
University of New Hampshire, pers. com.). Other indirect causes of SAV loss may be ascribed to
changing hydrology which may in turn affect salinity and flushing. Reduction in flushing can cause an
increase in the salinity and ambient temperature of a water body, thereby stressing the plants. Increases
in flushing can mean decreased salinity, and increased turbidity and near-bottom mechanical stresses
which may damage or uproot plants.

Conservation of existing SAV habitat is critical to the maintenance of the living estuarine
resources that depend on these systems. These habitats cannot be readily restored; in fact, we are not
aware of any seagrass restoration project that has ever avoided a net loss of seagrass habitat (Fonseca
et al. 1987, 1988). In recognition of this, the staff of the National Marine Fisheries Service Beaufort
Laboratory have published guidelines that are being used by NMFS and other agencies for the
management and restoration of SAV in the hope that these guidelines will be used to enhance the
success of restoration of SAV when it is necessary.

C. WETLANDS

C. 1. Introduction

C.1.a. Description of Wetland Tvpes. Wetlands can be categorized in a variety of ways. For
instance, wetlands can be broken down according to "coastal” and "noncoastal/inland" wetlands,
according to the Cowardin et al. (1979) classification, according to location in the landscape, according
to dominant vegetation, or based on other characteristics. It was decided that, for this "Critical Areas”
chapter, a description and discussion of wetlands based on the form of the dominant vegetation in the
wetland might be most readily understood. The wetland categories in the following discussion are
marshes, scrub-shrub wetlands, and forested wetlands. These categories are also general enough to be
used with wetlands information from a variety of sources.

The definition of marsh is consistent with Mitsch and Gosselink (1986) and is included in what
Cowardin et al. refer (1979) to as emergent wetlands. The definitions of scrub-shrub wetlands and
forested wetlands are from Cowardin et al. (1979). A marsh is characterized by erect, rooted,
herbaceous (nonwoody) plants. In most years this vegetation is present for most of the growing
season; dominant vegetation is usually perennial. Emergent wetlands occur in four of the five systems
described by Cowardin et al. (1979): estuarine, palustrine, lacustrine, and riverine.
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Scrub-shrub wetlands are areas dominated by woody plants less than 20 feet in height (Cowardin
et al. 1979). Scrub-shrub wetlands occur largely in the estuarine and palustrine Systems. The types of
woody vegetation that dominate these wetlands include true shrubs, young trees, and trees or shrubs
whose growth has been stunted due to environmental conditions. Scrub-shrub wetlands may be
relatively stable vegetative communities, or they may be successional stages leading to forested
wetlands (Cowardin et al. 1979).

Forested wetlands are characterized by woody vegetation that is at least 20 feet tall (Cowardin et
al. 1979). As with scrub-shrub wetlands, forested wetlands occur only in the palustrine and estuarine
systems. This wetland type typically possesses an overstory of trees and an understory of young trees
or shrubs. Overstory and understory trees may be broad-leaved deciduous, needle-leaved deciduous,
broad-leaved evergreen, and/or needle-leaved evergreen. These forested types can be subdivided into a
number of physiographic and vegetational categories.

The organization of wetlands in this document does not allow for the easy inclusion of Carolina
bays, which are geological features that, as a group, may contain a variety of wetland types. These
ecosystems are found primarily in the coastal plain of the Southeastern United States (Sharitz and
Gibbons 1982), and according to Prouty (1952), they are especially concentrated in a band running
from southeastern North Carolina to northeastern Georgia. Carolina bays are oriented in a northwest
to southeast direction, and their origin is unknown (Sharitz and Gibbons 1982). Because of their
variety of size, depth, substrate and water permanence, Carolina bays support a wide range of
vegetational types. Many Carolina bays contain pocosin type vegetation, while others contain marshes,
swamps, lakes with aquatic vegetation, or a combination of these, and upland vegetation due to
extensive drainage and alteration (Sharitz and Gibbons 1982). Early European settlers called these
ecosystems "bays" because of the evergreen shrubs and bay trees that were typically found on their
margins.

Carolina bays range in size from less than 200 feet in length to more than 5 miles. The latter
example, Lake Waccamaw in North Carolina, however, is not of a typical size (Sharitz and Gibbons
1982). In North Carolina, these ecosystems occur primarily in the southeastern corner of the state,
with the majority in the middle coastal plain. Unfortunately, there is no comprehensive information
currently available as to the approximate number and status of Carolina bays in the State or the
Albemarle-Pamlico Estuarine Study area. The N.C. Natural Heritage Program is, however, presently
conducting natural areas inventories in the A-P study area. Thus far they have identified as natural
areas Carolina bays in the following A-P counties: Gates, Chowan, Currituck, Pitt, Carteret, Wayne,
and Craven (Mike Schafale, North Carolina Natural Heritage Program, personal communication, 1992).
Additionally, there are Carolina bays containing wetlands in Jones, Lenoir, and Edgecombe Counties;
these Carolina bays have not been developed, but have been impacted to some extent. There also may
be other relatively undisturbed Carolina bays in the study area that have not been identified by the
Natural Heritage Program.

C.1.b. Regulation and Conservation of Wetlands

C.1.b.1. Federal Laws. Section 404 of the Clean Water Act (33 U.S.C. 1344) authorizes
the Secretary of the Army, acting through the Chief of Engineers, to issue permits, after notice and
opportunity for public hearing, for the discharge of dredged or fill material into waters of the United
States. Waters of the United States are defined in 33 CFR 328.3 (a)(1 to 7). Wetlands are a subset of
the Waters of the United States (33 CFR 328.3 (a)(3 and 7) and are defined as those areas that are
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inundated or saturated by surface or ground water 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. (See Appendix A for the various federal definitions of wetlands.)
Wetlands generally include swamps, marshes, bogs, and similar areas. A related law is Section 401 of
the Clean Water Act (33 U.S.C. 1341). Section 401 requires any applicant for a federal permit to
conduct any activity that may result in the discharge of a pollutant into waters of the United States to
obtain certification from the State in which the discharges originates. The certification states that the
discharge will comply with the applicable state effluent limitations and water quality standards. In
North Carolina, the Division of Environmental Management and in Virginia, the State Water Control
Board are the State agencies which issue these 401 Water Quality Certificates. In general, before a
Section 404 permit is issued by the U.S. Army Corps of Engineers for the placement of dredged or fill
material in waters of the United States, a 401 Water Quality Certificate must be obtained or waived
from the North Carolina Division of Environmental Management (NCDEM) or the Virginia State
Water Control Board (VSWCB). If a 401 Water Quality Certificate is denied by either the NCDEM
or the VSWCB, a Section 404 permit can not be issued by the U.S. Army Corps of Engineers from
(U.S. EPA et al, 1991).

The Regulatory Branches of the Wilmington and Norfolk Districts, U.S. Army Corps of Engineers
are charged with carrying out the policies and programs adopted pursuant to Section 404 of the Clean
Water Act. Their main offices are located in Wilmington, NC and Norfolk, VA.

In response to the intense pressures upon, and because of the importance of, the coastal zone of
the United States, Congress passed the Coastal Zone Management Act (P.L. 92-583) which was signed
into law on October 27, 1972 (NOAA, 1978). The Act authorized a Federal grant-in-aid program to
be administered by the Secretary of Commerce, who in turn delegated this responsibility to the
National Oceanic and Atmospheric Administration’s Office of Coastal Zone Management (NOAA,
1978). The Coastal Zone Management Act of 1972 has been amended several times since its passage,
most recently in November, 1990 (P.L. 101-508). Section 309 of the 1990 amendments established
the Coastal Zone Enhancement Grants Program, which makes funds available to states for, among
other things, improving wetlands protection in their coastal zones. Section 6217 of the 1990
amendments established the Coastal Nonpoint Pollution Control Program, which also includes wetlands
management provisions. The Coastal Zone Management Act of 1972, as amended, affirms a national
interest in the effective protection and development of the coastal zone by providing financial and
technical assistance and encouragement to coastal states for the rational management of their coastal
zones (Jim Wuenscher, North Carolina Division of Coastal Management, personal communication,
1992). Section 307 of the Coastal Zone Management Act of 1972, as amended, requires that all
Federal permits must be consistent with the state’s Federally approved coastal zone management
programs (NOAA. 1978). This requirement applies to permits issued under Section 404 of the Clean
Water Act. In North Carolina, the Division of Coastal Management and in Virginia, the Council of
the Environment are responsible for issuing these state consistency determinations.

C.1.b.2. State Laws. The passage of the North Carolina Coastal Area Management Act
(CAMA) during the 1974 Session of the General Assembly demonstrated the State’s strong and
continued interest in protecting its coastal resources. The main elements of CAMA are local land use
planning, regulations for development in Areas of Environmental Concern (AEC) and permit
coordination in the State’s 20 coastal counties. There are also special programs for beach access and
estuarine sanctuaries. Policy for the Coastal Management Program is set by the Coastal Resources
Commission (CRC), with advice from the Coastal Resources Advisory Council (CRAC). The program
is administered by the Division of Coastal Management (DCM). The DCM is part of the North

Critical Areas - 12



Carolina Department of Environment, Health, and Natural Resources. Its main office is in Raleigh,
with field offices in Elizabeth City, Washington, Morehead City, and Wilmington (Source Unknown).

The DCM has permit authority in Coastal Wetland AEC’s. For these purposes Coastal Wetlands
are defined as ’any salt marsh or other marsh subject to regular or occasional flooding by tides,
including wind tides (whether or not the tide waters reach the marshland areas through natural or
artificial watercourses), provided this shall not include hurricane or tropical storms’. Pursuant to the
CAMA definition of Coastal Wetland AEC’s, tidal wetlands are all irregularly and regularly flooded
wetlands under the influence of either wind-driven or lunar tides. Therefore, according to the CAMA
definition of Coastal Wetland AEC's, brackish marshes described below (in section C.2.b.) as non-tidal
and irregularly flooded marsh, are regulated as coastal wetlands. Essentially, coastal wetlands are
wetlands containing the following species: 1) Smooth Cordgrass, 2) Black Needlerush, 3) Glasswort,
4) Salt Grass, 5) Sea Lavender, 6) Bulrush, 7) Saw Grass, 8) Cat-tail, 9) Salt Meadow Grass, and 10)
Giant Cord Grass. Within Coastal Wetland AEC’s, various use standards apply. "Uses which are not
water dependent will not be permitted in coastal wetlands...Uses that are water dependent (and, hence,
may be permitted in Coastal Wetland AEC’s) include: utility easements, docks, wharfs, boat ramps,
dredging, bridges and their approaches, revetments, bulkheads, culverts, groins, navigational aids,
mooring pilings, navigational channels, simple access channels and drainage ditches (Laura Pena,
Division of Coastal Management, personal communication, 1992).

The Coastal Management’s counterpart in coastal Virginia is the Virginia Marine Resources
Commission (VMRC) located in Newport News. The VMRC is responsible for managing and
regulating the use of Virginia’s submerged land, tidal wetlands, and coastal primary sand dunes
(Williams et al, 1990). Under Virginia law, tidal wetlands include both vegetated and nonvegetated
intertidal areas (Williams et al, 1990). Vegetated wetlands include all the land lying between and
contiguous to mean low water and an elevation above mean low water equal to a factor 1.5 times the
mean tidal range at the site and upon which is growing at least one of the botanical species specified
in the Virginia Wetlands Act as amended (Williams et al, 1990). Nonvegetated wetlands include all
the land lying contiguous to mean low water and between mean low water and mean high water at the
site (Williams et al, 1990).

The North Carolina Division of Environmental Management, 401 Water Quality Certification
Program’s statutory authority to enact regulations for implementation of the provisions of the Clean
Water Act is contained in NCGS 143-215.3(a)(1) and (c). Regulations contained in 15A NCAC
2H.0500 outline the application procedures and the authority of the Director to issue or deny
certification. Effective October 1, 1989, the North Carolina Environmental Management Commission
(EMC) adopted rule 15A NCAC 2B .0109 which is titled "Waters affected by dredge and fill
activities.” This rule is consistent with U.S. Environmental Protection Agency guidance and U.S.
Army Corps of Engineers regulations (Ron Ferrell, North Carolina Division of Environmental
~ Management, personal communication, 1992).

In 1989, the general assembly passed the Virginia Water Protection Permit Act (62.1-44:15.5)
which authorizes the Virginia State Water Control Board to issue permits pursuant to Section 401 of
the Clean Water Act. Virginia has the right to certify that projects requiring a federal permit such as a
404 Permit will not harm water quality or existing uses of State waters (Williams et al, 1990; Joe
Hassell, Virginia State Water Control Board, personal communication, 1992).

Both the Federal regulatory program under the Clean Water Act and the State Coastal
Management Program under CAMA are complex and dynamic programs. These programs are still
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evolving and are subject to change. For this reason any individual who contemplates development
should contact the U.S. Army Corps of Engineer District Office in Wilmington, North Carolina at
telephone (919) 251-4511 if the project is in North Carolina or the office in Norfolk, VA at telephone
(804) 441-7652 if the project is in Virginia. If the project is located within the 20 North Carolina
Coastal Counties, the DCM office in Raleigh, North Carolina should also be contacted at (919) 733-
2293. If the project is in coastal Virginia, the VMRC should be contacted at (804) 247-2200.

C.1.b.3 Other Federal Programs for Wetlands Conservation. The Emergency Wetlands
Resources Act of 1986 (EWRA) (Public Law 99-645), encourages the conservation, management, and
acquisition of wetlands nationwide through increased cooperation among Federal, State, and local
governments and private interests (U.S. Fish and Wildlife Service 1989). Section 301 of the EWRA
established the National Wetlands Priority Conservation Plan (NWPCP). The U.S. Fish and Wildlife
Service developed the NWPCP to assist decision makers in identifying specific wetlands that deserve
consideration for State and Federal acquisition using Land and Water Conservation Fund
appropriations (U.S. Fish and Wildlife Service 1989). According to the NWPCP, eligible wetlands
must meet three wetlands assessment threshold criteria, which are, in turn, based on 1) wetland
scarcity, 2) degree of threat, and 3) wetland functions and values. With the assistance of State and
Federal agencies, private organizations, academic researchers and other individuals with expertise in
North Carolina’s wetlands, the U.S. Fish and Wildlife Service recommended that 21 wetland sites in
North Carolina be included in the National Wetlands Priority Conservation Plan. Twelve of these sites
are in the Albemarle-Pamlico Estuarine Study area. They are: Roanoke River; Currituck QOuter
Banks; Buxton Woods; Kitty Hawk Woods; U.S. 264 Low Pocosin; Swift Creek Floodplain; Scranton
Hardwoods; Upper Alligator River Pocosin; White Oak River Floodplain; Scuppernong River Swamp
Forest; and East Dismal Swamp (U.S. Fish and Wildlife Service 1990a).

In Virginia, twenty-three wetland sites found in the Albemarle-Pamlico Estuarine Study area were
included in the National Wetlands Priority Conservation Plan (U.S. Fish and Wildlife Service 1990b).
 These are: Meherrin River Wetlands; Nottoway River Wetlands; Rowanty Swamp; Beaver Pond
Creek; Skipper’s Bog; Blackwater River Wetlands; Zuni Pine Barrens; Nottoway Falls; Powell Creek
Marsh; Upper Chippokes Creek; Ward’s Creek; Assamoosick Swamp; Kirk Tract; Cypress Swamp;
Great Dismal Swamp; Nansemond River/Bennett Creek Marshes; South Quay Pine Barrens; Crouch
Creek/Timber Neck Creek; Sussex Schoolhouse Swamp; Blackwater Creek; North Landing River
Wetlands; Stumpy Lake; and West Neck Creek.

The "Swampbuster” provisions of the Food Security Act of 1985, as amended by the Food,
Agriculture, Conservation and Trade Act of 1990, disallow eligibility for the U. S. Department of
Agriculture program benefits to any farmer who converts a wetland by draining, dredging, filling,
leveling, or other methods, to allow for the production of an agricultural commodity. Most wetlands
that were converted to agricultural purposes prior to December 23, 19835, are not subject to the
"Swampbuster” provisions. The Soil Conservation Service, in consultation with the U. S. Fish and
Wildlife Service, is responsible for wetlands determinations and conservation requirements under this
Act. To determine whether or not agricultural producers have wetlands on their land that fall under
"Swampbuster” provisions and what activities are allowed in those areas, producers should contact
their local office of the Agricultural Stabilization and Conservation Service.

The 1990 Food. Agriculture, Conservation, and Trade Act (Public Law 101-624) amended the
Food Security Act of 1985. The 1990 Act created the Wetlands Reserve Program (WRP), with the
purpose of aiding landowners in the restoration and protection of wetlands on their land, including
farmed wetlands and prior converied wetlands (i.e., those in which the area was converted prior to
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December 23, 1985) (Public Law 101-624, Sec. 1237). The new WRP is administered by the
Agricultural Stabilization and Conservation Service (ASCS), with assistance from the Soil
Conservation Service (SCS) and the U. S. Fish and Wildlifé Service (USFWS). The current total
enrollment goal for the WRP is one million acres by the end of 1995. North Carolina is one of eight
pilot States participating in the WRP in 1992. Landowners that participate in the WRP enter into
either a permanent or 30-year wetland easement (Public Law 101-624, Sec. 1237). The SCS and the
USFWS work with the landowner to develop an acceptable wetland easement conservation plan in
order to restore the area to a functional wetland. The ASCS will share the costs of the wetland
restoration and make easement payments to the landowner. The amount paid by the Federal
government to WRP participants is determined by the ASCS.

There are many other Federal laws and programs that directly and indirectly affect wetlands. In
addition to those already mentioned, these include, but are not limited to: the Migratory Bird Hunting
and Conservation Stamp Act (16 U.S.C. 718), which requires waterfow] hunters to purchase "duck
stamps”; the Coastal Barrier Resources Act of 1982 (16 U.S.C. 3501) and its 1990 amendments, the
Coastal Barriers Improvement Act; the Agricultural Credit Act of 1987 (P.L. 100-233), which
established the Farmers Home Administration Conservation Easement Program; the North American
Wetlands Conservation Act; and Section 305 of the Coastal Wetlands Planning, Protection and
Restoration Act.

C.1.c. Nation-wide, State-wide or Region-wide Wetland Trends. The U.S. Fish and Wildlife
Service (USFWS) conducted a national survey of wetlands in the 1950s (i.e., Shaw and Fredine 1956).
This survey covered approximately 40 percent of the lower 48 States, and concentrated on wetlands
important to waterfowl. Information on North Carolina wetlands is reported in Wilson (1962).
Because it was later recognized that the nation’s wetlands were changing, from both natural and
human-induced activities, and the many values of wetlands were becoming better understood, the
USFWS established the National Wetlands Inventory (NWI) in 1974 (Wilen and Tiner 1989). The
goal of the NWI Program is to produce and distribute scientific information on the characteristics and
extent of wetlands across the country. The Program’s purpose is to provide wetlands data, in the form
of wetland status reports and maps, for quick and accurate resource decision-making and to promote
the wise use of the nation’s wetlands. See Appendix A for the USFWS definition of "wetland.”

The first major study of the NWI focused on wetlands trends in the lower 48 States between the
mid-1950’s and the mid-1970s (Frayer et al. 1983). According to Frayer et al. (1983), there was a net
loss of over 9 million acres of wetlands in the lower 48 states over the 20-year period. The average
annual net loss was 458 thousand acres, with the average annual net loss of palustrine wetlands, inland
wetlands, at 439 thousand acres and the average annual loss of estuarine wetlands, coastal wetlands, at
19 thousand acres. The U.S. Fish and Wildlife Service, in its reports, defines "loss" as "drained or
otherwise converted.”

Hefner and Brown (1985) reported mid-1950’s and 1970’s acreage for a number of wetland
categories for ten southeastern states. Of the ten states, North Carolina had the third greatest overall
acreage of wetlands, following Florida and Louisiana. The North Carolina acreage estimate was 5.69
million with a percent standard error of 5.9 (Hefner and Brown 1985). This estimate can also be
stated in the following manner: there is a 68 percent chance that, as of the mid-1970’s, North
Carolina’s wetland acreage was between 5,354,290 and 6,025,710; and there is a 95 percent chance
that, as of the mid-1970's, North Carolina’s wetland acreage was between 5,018,580 and 6,361,420.
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According to Hefner and Brown, in the mid-1970’s 47 percent of the wetlands in the lower 48
states were in the Southeast. Over the 20-year study period, wetland losses in the Southeast accounted
for 84 percent of the nationwide losses (Hefner and Brown 1985). In these ten states, wetland acreage
decreased by nearly 8 million acres of the 9 million lost nationally. From the mid-1950’s to the mid-
1970’s, there was an overall loss of 7 percent of the region’s estuarine wetlands, compared to an
overall loss of 15 percent of palustrine wetlands. Approximately two-thirds of the estuarine wetland
loss was due to conversion to deepwater habitat (i.e., bay bottoms and navigation channels), and one-
third was due to urban development (Hefner and Brown 1985). At the same time in the Southeast,
most losses of palustrine wetlands were due to agricultural development (Hefner and Brown 1985).
Many of the pocosins and Carolina bays of eastern North Carolina were converted for agricultural
purposes. Palustrine forested wetlands are the most abundant wetland type in the Southeast, and this
wetland type experienced the greatest loss at over 5.5 million acres. This figure accounts for 92
percent of the national loss of forested wetlands over the 20-vear period.

A U.S. Fish and Wildlife Service report to Congress estimated that the area that now comprises
the lower 48 states contained approximately 221 million acres of wetlands at the time of Colonial
America, i.e. the 1780s. (Dahl 1990). Over a 200-year time period, the lower 48 states lost an
estimated 53 percent of the original acreage, leaving approximately 104 million acres of wetlands in
the 1980s. This amounts to the loss of over 60 acres of wetlands per every hour between the 1780s
and the 1980s (Dahl 1990).

Dahl's report contains data for each state on percent wetlands loss over the 200-year period. Dahl
(1990) estimated that the area that is now North Carolina possessed 11.09 million acres of wetlands in
the 1780s. By the 1970's the wetlands acreage had dropped to 5.69 million acres (percent standard
error of 5.9). In the 1970’s, therefore, North Carolina possessed 51 percent of the wetlands that
existed in colonial times. For comparative purposes, 22 states have lost 50 percent or more of their
original wetland resources, compared to North Carolina and Virginia, which have lost an estimated 49
and 42 percent, respectively. For the North Carolina coastal plain, this situation was confirmed by
Cashin (1990).

Stockton and Richardson (1987) analyzed trends in wetland permitting in the coastal area of
North Carolina from 1970 to 1984. Development trends under the Coastal Area Management Act
(CAMA), the Dredge and Fill Law, and Section 404 of the Federal Water Pollution Control Act were
analyzed through the review of over 3000 CAMA and Dredge and Fill permit files. The four general
types of wetlands included in the study were high marsh, low marsh, wooded swamp, and "other".
The study did not include information on the losses of freshwater wetlands, such as pocosins and
freshwater marsh.

Stockton and Richardson determined that 1740 hectares, or 4300 acres, (estimated error range of
11.5 to 23.5 percent) of coastal wetlands had been altered over the 15-year period. The 1740 hectares
included the alteration of nearly 2 percent of the State’s salt marshes reported by Wilson (1962). A
few large projects in the 1970s were responsible for the majority of wetlands developed over the study
period. The total acreage of coastal wetlands converted each year decreased, but the number of
permits issued during the 1980s increased. The researchers also reported that 60 percent of the
permits involving vegetated wetlands altered high marsh. Stockton and Richardson (1987) pointed out
that their study did not address the impacts to wetlands of agriculture and forestry, because those
activities are exempt under CAMA laws.
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The Emergency Wetlands Resources Act of 1986 (16 U.S.C. 3931 (a)) requires that the status and
trends study conducted by the National Wetlands Inventory (Frayer et al.) be updated every 10 years.
In accordance with that requirement, the U.S. Fish and Wildlife Service recently released the status
and trends report for the mid-1970s to.the mid-1980s. The study was designed to yield national
acreage estimates with a 90 percent degree of certainty that the estimates are within 10 percent of the
actual wetland acreage totals for the lower 48 states.

Dahl and Johnson (1991) estimated that the lower 48 states contained 105.9 million acres of
wetlands in the mid-1970s, and approximately 103.3 million acres in the mid-1980s. Over the 9-year
study period, this represents a net loss of 2.6 million acres of wetlands, or approximately 290 thousand
acres per year. Freshwater wetland types accounted for 98 percent of the loss, while estuarine
wetlands accounted for 2 percent of the loss. Seven states in the southeast, including North Carolina,
each lost 100 thousand acres or more of palustrine forested wetlands.

From the mid-1950s to the mid-1970s conversion of wetlands to agricultural uses accounted for
87 percent of all wetland losses (Frayer et al. 1983). In comparison, from the mid-1970s to the mid-
1980s wetland conversion to agricultural uses accounted for 54 percent of the losses, while
conversions to "other" uses accounted for 41 percent of the losses (Dahl and Johnson 1991). The
"other” category includes wetlands that had been cleared and drained, but had not yet been put to a
recognizable use. Urban land uses caused approximately 5 percent of the wetlands loss.

Another trend study assessed the extent and causes of wetland conversions in the North Carolina
Coastal Plain (Cashin et al. In press). Cashin et al. estimated wetland conversions over two time
periods - from presettlement to the early 1980s, and from the early 1950s to the early 1980s. In the
study, wetlands were defined as "...areas which had natural vegetation on hydric soils and unaltered
hydrology (e.g., without ditches).” The authors defined and determined wetland alterations in the
terms of "...the support of wetland function and values." For instance, where a natural vegetative
community on hydric soils was present in the 1950s, but by the early 1980s its vegetation or
hydrology had been "...sufficiently disturbed to alter wetland structure, function, or values..." the
wetland was considered to have been altered. The authors used soils surveys, NWI maps, aerial
photographs, and random field checks to establish the presence of hydric soils and hydrophytic
vegetation on the sample sites.

The study used 27 sample sites, 19 of which contained predominately nontidal wetlands and 8 of
which contained predominately tidal wetlands. Cashin et al. (in press) report that 51.3 percent (+/-
12.6 percent) of the sample sites’ historic wetlands were impacted by the early 1980s to the extent that
they "...no longer fully supported their original wetland functions and values.” Separate estimates for
nontidal and tidal wetlands were also reported. Approximately 52.4 percent (+/- 11.4 percent) of
historic palustrine wetlands were altered by the early 1980s, while approximately 12.2 percent (+/-
20.3 percent) of the historic estuarine wetlands were altered by the early 1980s (Cashin et al. In press).
(Note the high confidence interval reported for the estuarine wetland estimate, probably largely due to
the small sample size of 8 sites). Cashin et al. reported that the major causes of wetland alteration
were forestry and agriculture; other causes included urbanization, road construction, and rural
residential development.

Other studies have focused on wetland acreage and conversions or trends in North Carolina.

These studies include: Richardson (1981); Moorhead (1991); N.C. Department of Environment, Health,
and Natural Resources (1991); and Field et al. (1991). All of these studies (except for Field et al.
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(1991) which reported existing wetland acreage), as well as the NWI studies discussed above, indicate
that there has been a downward trend in North Carolina’s wetland acreage.

C.2. Marshes

C.2.a. Tidal Marshes (Regularly-flooded, lunar tide saltmarsh)

C.2.a.1. Description. Tidal marshes have three major components: tidal creeks without
vegetation, regularly flooded smooth cordgrass marsh ("low marsh"), and the irregularly flooded
portion consisting of a mixture of species (high marsh). Tidal creeks are at the lowest elevation and
are the conduit for water exchange between the greater estuary and the salt marsh surface. These
creeks are extensions of mud flats, a community treated in more detail by Peterson and Peterson
(1979). The smooth cordgrass community represents the core of the salt marsh. It is often further
divided into zones occupied by tall, intermediate, and short forms of smooth cordgrass . The high
marsh contains a greater number of species; black needlerush, saltmeadow grass, and salt grass are
common dominates or co-dominates. At the highest elevation, high marsh grades into upland
vegetation.

Tidal flushing, hydroperiod, and salinity are the principal abiotic factors determining zonation in
the salt marsh environment. Tidal flushing transports dissolved and particulate material. Inorganic
sediments are transported by tidal currents from deltaic riverine sources or from long-shore currents in
the ocean. The sediments are deposited on the marsh surface, but accumulate preferentially next to
tidal creeks. This process results in creek-side levees of higher elevation and coarser particle size than
the sediments in the marsh interior. The presence of coarser sediments in the levees facilitates flushing
of porewater in these creek-side sediments.

The salinity of the rhizosphere is controlled by the fluxes of water and salt. Porewater salinity in
the levees tends to remain close to that of adjacent estuarine waters because of the relatively frequent
hydraulic exchange and better internal drainage than more isolated localities. Porewaters of the short
smooth cordgrass zone often reach hypersaline conditions during protracted periods of warm rain-less
weather, high rates of evapotranspiration, and minimal hydraulic exchange (e.g., during neap tides)
(Nestler 1975). In the high marsh, precipitation contributes much to the site’s water balance, and
salinities may be low enough to support shrubs and other plants intolerant of high salinities (wax
myrtle, groundsel-tree, and marsh elder).

Vascular plants are prevented from growing in tidal creeks because of the long hydroperiod and
strong currents. The number of species is restricted in the smooth cordgrass zones because of high
porewater salinity, frequent inundation, and anoxic, high-sulfide porewaters associated with frequent
inundation. There is greater species richness in the high marsh because of less stressful conditions
overall: (1) periods of water table drawdown allow sediment aeration, (2) lower porewater salinities
develop because of infrequent estuarine flooding, and (3) precipitation assumes greater importance as a
source of water.

The zonation of vegetation in salt marshes is one of the best studied phenomena in ecology
(Adams 1963; Kurz and Wagner 1957). From the elevation where colonization by emergent plants
begins, smooth cordgrass forms monospecific stands with occasional patches of barren sediment or
glasswort. It is not until the high marsh is reached that black needlerush and its associates, saltmeadow
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grass and salt grass, create most of the cover. There is an overall increase in species richness with a
decrease in stress (as porewater salinity and inundation decreases).

Within the smooth cordgrass zone, tall, medium, and short forms are commonly recognized. This
differentiation in height forms is most pronounced in marshes with high tidal amplitude, but the
phenomenon is apparent even in microtidal marshes. The tall form occupies levees, apparently because
of improved exchange of porewater with the tidal creek and flushing from precipitation ameliorate the
concentrations of salt and hydrogen sulfide (Howes et al. 1986), and likely increase the supply of
nutrients. The intermediate height form is exposed to moderate abiotic conditions. The most poorly
flushed areas, toward the marsh interior, are exposed to a combination of high salinity stress and high
sulfide concentrations. Here, the short form dominates. Ecologists have debated whether the growth
forms are genetically or environmentally controlled. It has been recently demonstrated that height
differentiation is maintained for several generations when the plants are grown under common
conditions (Gallagher et al. 1988).

Epibenthic and epiphytic algae are components of the salt marsh that may produce as much as
25% of the aboveground biomass and may represent a food source more easily digested than the
grasses (Teal 1986). A number of insects and spiders utilize the marsh. Numerous species of wading
birds and waterfowl and one species of turtle, the diamondback terrapin feed on the marsh. Common
marsh birds range from rails, willets, ducks, and geese that feed mostly on the marsh surface, to marsh
wrens and red-winged blackbirds that build nests in the grasses. Mammals, less conspicuous
inhabitants of the marsh, are represented by the rice rat, hispid cotton rat, raccoon, muskrat, otter,
mink, and nutria, recently introduced into North Carolina.

The periwinkle is one of the most conspicuous faunal organisms on the marsh. Fiddler crabs may
also occur in great numbers. Because of shallow flooded conditions on the marsh surface, fish size is
restricted. Among the species commonly found within the marsh are striped killifish , mummichog,
and sheepshead minnow. This is but a small proportion of the fish species that actually utilize the
marsh surface; numerous others occupy the marsh only during times of inundation.

Tidal marshes represent an ecologically productive ecosystem within a relatively unstable
geomorphic environment. Semidiurnal flushing by tides and accumulation of sediments appear to
compensate for the stresses of high salinity and prolonged waterlogging that would otherwise depress
primary production. As a result of the high volume of water exchange with the estuarine environment,
much research has addressed the importance of the flux of nutrients and organic matter between the
marsh and the estuary. Originally the "outwelling hypothesis” was developed to explain the ecological
significance of tidal salt marshes (Odum 1980). Marshes were depicted as exporters of nutrients and
organic matter to the estuary, a process which was perceived as largely responsible for the marshes’
importance to estuarine fisheries. However, salt marshes, like other wetland ecosystems are
intrinsically depositional environments and so require imports of particulate matter and suspended
sediments to exceed exports. While some organic matter may be exported to adjacent waters
(Hopkinson and Wetzel 1982), it is unlikely to be the only link between fisheries yield and tidal
wetland production. Nixon (1980) pointed out many of the flaws in conceptualizing salt marshes
principally as nutrient sources for open-water estuarine environments.

Tidal salt marshes are of direct benefit for mankind due to their function in supporting finfish and
shellfish fisheries and waterfow] populations, shoreline stabilization, water quality improvement, and to
their aesthetic value. From the fisheries standpoint, tidal salt marshes are the most highly valued of all
wetland types in the region. Continued productivity of the state’s estuarine fisheries depends upon
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preserving these areas because of their strong hydrologic and biologic coupling with estuarine waters.
The extent to which fish utilize the marsh surface is regarded increasingly as one of several principal
factors in the maintenance of estuarine dependent fish populations (see Section F). Resident marsh
invertebrates, such as fiddler crabs, snails, and oligochaetes, occur in high densities in many sait marsh
sediments, and represent essential food not only for fish, but for blue crabs, wading birds, and
terrestrial mammals (Teal 1986). This being the case, the export of organic matter no longer needs to
be invoked as sole support for the importance of tidal marshes to estuarine food webs. However,
exchanges of materials are not trivial. Water, salt, and sediment exchanges are fundamental to the very
existence of these marshes. Hopkinson and Wetzel (1982) argue that nearshore ecosystem metabolism
is dependent on organic carbon exports from riverine and wetland environments along the Atlantic
coast of the southeastern United States.

A more realistic functional tidal salt marsh paradigm focuses upon the importance of water
exchange between the estuary and the vegetated marsh. This purely hydrologic coupling has embedded
within it many biogeochemical and biotic processes. From one perspective, the marsh is a product of
the estuary, dependent on tidal forces and all of the chemical and biotic variables associated with tidal
exchange. Significant components of the estuarine environment are dependent on the free exchange of
water which allows fish to feed on the salt marsh surface and organic carbon to be exported
principally in dissolved form.

Intertidal flats - Along with salt marshes, seagrass beds, unvegetated subtidal bottoms, and the
overlying water column, intertidal flats are a component of the estuarine system (Peterson and Peterson
1979). Intertidal flats are the unvegetated bottoms of sounds, lagoons, estuaries, and river mouths,
which lie between the high and low tide marks, distinguished by the extremes of spring tides (Peterson
and Peterson 1979). The sediments of intertidal flats are composed of mud and sand, in a vast range
of relative proportions. Rather than containing plants such as grasses, shrubs, or seagrasses, intertidal
flats are abundant with benthic microalgae. such as diatoms, dinoflagellates, filamentous green algae,

- and blue-green algae. The benthic diatoms are usually the most abundant group.

Intertidal flats are physically and biologically open systems; nutrients, organic material, and living
organisms are able to enter and leave the habitat. These flats produce usable plant material in the form
of algae, which are directly used on the intertidal flat by consumers (deposit-feeding and suspension-
feeding benthic invertebrates). Thus, intertidal flats serve as a substrate where plant material from
primary production is consumed and subsequently transformed into animal biomass; intertidal flats
receive material exported from saltmarshes and seagrass beds which is consumed by benthic
invertebrates (Field et al, 1991). Some of the animals that consume this plant material are
commercially important and directly harvested, ie., oysters and hard clams. Other higher level
consumers, such as blue crabs, shorebirds, some shrimp, and larger bottom-feeding fishes utilize the
benthic invertebrates as a food source.

The majority of probing and wading shorebirds do most of their feeding on the intertidal flats,
which are also a major location for feeding by planktivorous, herbivorous, or detritivorous baitfishes.
Baitfishes are a major prey for wading birds, aerial-searching birds, piscivorous ducks, and predatory
fishes (Field et al, 1991). Marine fishes during postlarvel states are also dependent on intertidal flats
for protection.

"Intertidal flats are most important for what consistently happens on them rather than what is
permanently found on them..." Intertidal flats are also important to the functioning of the entire
estuarine system (Field et al, 1991).
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C.2.a.2. Status of information. Information on the components and functions of tidal salt
marshes can be extrapolated from studies conducted elsewhere within certain geographic limits.
Species composition of the irregularly flooded portion of tidal marshes change with latitude. For
example, in Delaware, black grass replaces black needlerush as a dominant species in the high marsh
area of tidal marshes, In south Florida, red mangrove replaces smooth cordgrass in the regularly
flooded portion. However, even with changes in species of the dominant vegetation, physical processes
are likely to remain similar because of their close relationship with ecosystem structure.

The surface area of tidal salt marshes reported by Wilson (1962) is listed by county in Table II-1.
This could be quickly remeasured in the Albemarle-Pamlico Estuarine Study region using National
Wetland Inventory maps which are available for most of the area in which these marshes occur. The
impacts of documented human disturbances between 1970 and 1984 are listed in Table II-1 (Stockton
and Richardson 1987). The largest areas permitted for alteration, 766 acres in Pamlico Sound and 297
acres in Currituck Sound, are principally nontidal brackish marsh.

C.2.a.3. Acreage. Table II-2 shows the 1988 Landsat Data for the land use/land cover data
for the entire A/P Study Area (Khorram et al, 1992). According to the Landsat data set, low
marsh/riverine swamp (category 18) has a total of about 166,790.1 acres. Low marsh/riverine swamp
are dominated by Spartina alterniflora, Scirpus spp., and Juncus roemerianus. Additional information
regarding the 1988 Landsat Data is found in Appendix C. Approximately 31,100 acres of intertidal
flats are found in the Albemarle-Pamlico Estuarine Study region (Field et al, 1991).

C.2.a4. Trends. In the Albemarle-Pamlico Estuarine Study region, the geographic
distribution of tidal salt marshes is limited relative to that of the nontidal marshes because of tidal
flushing, sediment source, and salinity. These same abiotic variables are the ones most critical to
maintaining the integrity of these marshes. Tidal salt marshes are most vulnerable to change from any
modification that alters the free exchange of water and materials between the estuary and the vegetated
surface. This includes natural phenomena, such as the creation or closing of inlets during storms, and
human activities, such as the creation of impoundments, the construction of dikes, drainage canals, and
other types of alteration of water flow. Reduction in sediment source as a result of inlet migration has
been demonstrated to result in loss of tidal marsh surface area (Hackney and Cleary 1987). When tidal
marshes are deprived of sediment sources during periods of relative sea level rise, increasing
hydroperiod is responsible for the loss of the marsh ecosystem.

The relatively high level of protection afforded these ecosystems suggests that substantial future
losses will not occur as a result of direct impacts such as dredging and filling. However, indirect
impacts, such as building barriers to landward migration in response to sea level rise, will diminish
tidal marsh coverage. The technology for creating tidal salt marshes is relatively advanced.

The Landsat data found in Table II-2 shows the acreage for the regularly flooded marshes in the
Albemarle-Pamlico Estuarine Study region (Khorram et al, 1992). Appendix C provides a detailed
discussion on the Landsat Data.

Mosquito control by means of grid-ditching is no longer condoned, but was commonplace for
many years. There are no records of how much tidal marsh was ditched or of the exact locations of
the ditching, so historical losses can only be estimated. Open marsh water management as a means of
mosquito control will continue to place pressure on these ecosystems, especially as population centers
encroach upon them. Studies on the ecological effects of open marsh water management are currently
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in progress at West Onslow Beach (Alice Anderson, NC Division of Health Services, 1988, personal
communication).

Table II-1.  Surface Area Estimates in Acres of Three Sea Level Controlled Wetland Types (From
Wilson 1962).

Tidal salt Nontidal Nontidal Alterations 1970-84
marsh(1) brackish freshwater Hectares No.
County marsh(2) marsh(3) C)) Permits
Pamlico Sound
Carteret 10,000 38,599 0 49 595
Pamlico 0 15,001 0 766 210
Beaufort 0 450 4,050 74 240
Hyde 1,601 29,902 3,400 86 95
Dare 499 15,501 5,199 148 325
Total 12,100 99,450 12,649
Albemarle-Currituck :
Tyrrell 0 0 551 2 50
Chowan 0 0 299 2 60
Camden 0 0 1,601 12 35
Currituck 0 0 23,601 2097 140
Total 0 0 26,049

Note: Original nomenclature used in Wilson was: (1) regularly flooded marsh, (2) irregularly
flooded salt marsh, (3) shallow fresh marsh. (4) Estimated from bar graph in Stockton and
Richardson (1987).

Note: Acreage figures were calculated and rounded from hectare figures therefore, column totals may
not equal exactly the sum of the individual column components.
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CATEGORY

TABLE CA-4: LAND USE/LAND COVER FOR THE ENTIRE
ALBEMARLE-PAMLICO ESTUARY STUDY AREA

NAME

LANDSAT DATA (1988)

DESCRIPTION

ACRES

Border

Pixels outside of the classification area and areas
obscured by cloud cover.

4,434.6

TOTAL

4,4346

[ &)

Water

Lakes, reservoirs, ponds, estuaries, and sounds.
Also includes streams or rivers wide enough to be
resolved by TM.

2,272346.5

TOTAL

2,272346.5

Low Density Development

Residential, commercial and industrial complexes.
Areas where structures and/or
pavement cover is about 25% to 50%.

79,703.3

Medium Density
Development

Residential, commercial and industrial complexes.
Area where structures and/or pavement cover is
about 50% to 85%.

185,054.1

High Density
Development

Residential, commercial and industrial complexes.
Areas where structures and/or pavement cover is
greater than 85%.

35,987.0

TOTAL

300,744.4

Agriculture, Bare
Soil & Grass

Cropland and pasture, bare and grass covered soils.
Includes all land cleared for agriculture or
silviculture activities. Wide transportation
corridors, beach grass, golf courses, large athletic
fields and other grassy features are also in the
class.

4,253,712.8

12

Disturbed Land

Bare fields which have undergone recent
disturbance; predominantly agricultural fields and
clear cuts, but also includes some developed areas
such as sites being prepared for construction or
around quarries.

160,730.4

TOTAL
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CATEGORY

NAME

DESCRIPTION

ACRES “

7

Low Density Vegetation

Areas which have some vegetative cover but are
not forested. Fallow fields, cleared areas, in early
successional stages, and some landscaped
residential areas, some narrow road systems, wide
utility corridors, and weed covered spoil piles are
included in this class.

468,203.1

TOTAL

468,203.1

Pine Forest

Medium and high density conifer stands; also high
pocosins which bave a high density (greater than
50% crown closure) of pine.

2,231,338.5

10

Hardwood Forest

Hardwood stands found predominantly in upland
areas, on gently sloping interstream divides or in
drier low lying areas. Stands dominated by oak,
hickory, elm, and maple.

1,543,519.2

11

Pine/Hardwood Forest

Stands of mixed conifer and deciduous hardwood.

956,094.2

TOTAL

4,730,951.9

Bottomland Hardwoods

Hardwood stands found predominantly in the
floodplains of streams and rivers. These stands are
dominated by deciduous species such as lowland
species of maple, black gum, oak, elm, sweetgum,
sycamore, birch, and ash.

676,228.1

14

Riverine Swamp (Marsh)

Forests occurring along the major Coastal Plain
rivers and their tributaries and on sites associated
with nearly permanent freshwater. Dominated by
gum-cypress swamp, but also including maple,
birch, sycamore, sweetgum and oaks.

501,278.7

15

Evergreen/Hardwood
Conifer

Dominated by evergreen hardwood shrubs and
small trees (magnolias and bay forest); usually
found in association with Riverine Swamp or in
high pocosins which have a low density of pond or
loblolly pines.

537,020.3

16

Atlantic White Cedar

Generally even-aged stands of Atlantic White
Cedar which occur on peaty, acidic soils. In areas
where drainage channels are bordered by pine
forest, the mixed pixel response (black

-tannic waters/pine) appear to emulate the response
of Atlantic White Cedar.

9,190.0

17

Low Pocosin

Predominantly areas with organic soils supporting
evergreen and deciduous shrubs, vines, briars and
cane.

255,047.2

18

i

Low Marsh/Riverine Swamp

Regularly flooded marshes dominated by Spartina
alterniflora. Scirpus and Juncus (cordgrass,
bulrushes, and black needlerush). Soils in the area
generally rich in organic mater and remain wet
most of the year.

166,790.1

—
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l CATEGORY | NAME DESCRIPTION ACRES

19 High Marsh/ Riverine Generally irregularly flooded marshes dominated 30,081.8
J Swamp by Spartina cynosuroides, Typha or Phragmites
| (giant cordgrass, cattail and reeds). In general,

these areas are slightly less rich in organic matter
but in the fall and winter a thick mat of dead
marsh may form.

TOTAL 2,175,636.2

13 Shadow and Mixed Pixel In the Piedmont, includes shadows (in high density 43,4042
developed areas) and pixels which are a mixture of
water and trees (bordering lakes and ponds). In
the Coastal Plain, many wet areas with organic
soils (Riverine Swamp and Low Marsh) were
confused with shadows.

TOTAL 43,404.2

20 Sand/Dune Grass Bare, dry sandy soils. Confined to the Coastal 34,784.8
Plain, this class inciudes sand dunes or bare sandy
ridges, and also occurs in agriculture fields which
have patches of sandy, well-drained soils.

TOTAL 34,784.8
Total Acres for the A/P Study Area 14,444,9489
- ———————— . e ———

*  All acreage data was obtained from five Landsat Thematic Mapper scenes covering 97% of the Albemarle-Pamlico estuarine

study area (Khorram et al, 192). Additional information be found in Khorram et al, 1992.
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C.2.b. Nontidal marsh (Irregularly-flooded, wind-tide, brackish marsh)

C.2.b.1. Description. Nontidal brackish marshes are widely distributed along the mainland of
Pamlico Sound and the back-barrier areas remote from inlets. In the Albemarle Sound, they occupy
most of the shoreline of Durant Island. In the area of Nags Head Woods, fresh water is much more
important and the plant species move toward dominance by saw grass, cattail, and bulrush. Many of
these species become more important in areas of nontidal fresh water such as Currituck Sound.

Nontidal brackish marshes receive water from estuarine flooding and from precipitation. Estuarine
flooding occurs when wind direction, force, and duration are sufficient to cause accumulation of the
estuarine water in the vicinity of the marsh. For marshes in the southwestern portion of Pamlico
Sound, northeast storms and the northeast-southwest orientation of the sound create conditions
facilitating marsh flooding. Estuarine flooding is least frequent during the warmest period of the year
when southwesterly winds are prevalent and the annual sea level cycle is at its minimum (Brinson et
al. 1991b). Periods of drought and high evapotranspiration may cause drawdown of the water table
below the marsh surface and aeration of the sediments.

Free water exchange between marsh and estuary is necessary to maintain salinity gradients across
the marsh. Any obstruction to salt water inflow, such as an impoundment, is likely to cause the
salinity to decrease. Where the shorelines of these marshes are exposed to high wave energy, wetland
is lost to erosion at the same time that storm levees develop along the retreating margins. Because the
elevation of these levees is higher than interior portions of the marsh, drainage of rainfall and estuarine
flood waters is impeded. Salinity of the interstitial water of the surficial sediments tends to be greatest
in this poorly drained area because estuarine flooding imports dissolved salts and evapotranspiration
removes freshwater. With the exception of impounded areas, salinity in nontidal brackish marshes
decreases from the low outer-marsh edge where inputs by estuarine flooding are common, to the marsh
interior where rainfall dominates site water balance.

The most potentially threatening abiotic process confronting these wetlands is the rise of sea level
and its relation to wetland growth and evolution. Without the marsh surface, the remainder of the
wetland functions and values would not exist. Although sediment accumulation is predominantly
controlled by hydrology, an abiotic process, accretion of organic-rich sediments and decayed plant
matter in these marshes is, in part, controlled by biotic processes. Tidal marshes, on the other hand,
normally depend upon the mechanical deposition of inorganic sediments to maintain a surface
elevation favorable for plant growth,

Unless sediment supplies are large, as they are in the fringe marshes of deltaic environments,
shoreline erosion due to local wave activity may have profound effects on the structure of these
ecosystems. In Pamlico and Albemarle Sounds, most of the sediment derived from continental sources
is deposited subtidally (Pickett and Ingram 1969) leaving little available for marsh building processes.
Because of the large size of the estuaries, fetch is usually adequate for strong wave activity to develop.
Sediment supplies are insufficient and distribution is inadequate to compensate for shoreline losses due
t0 wave activity. Various sources have reported mean shoreline recession rates in the sounds to range
up to 6 meters per year (Stirewalt and Ingram 1974; USDA Soil Conservation Service 1975; Bellis et
al. 1975).

Where wave exposure is high, marshes have levees of storm-derived sand which can reach dune-
like proportions. This situation occurs on the northern shoreline of Piney Island (Point of Marsh) in
southern Pamlico Sound and on Durant Island in Albemarle Sound. More commonly, exposed areas
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have a sand layer that overlies the predominately organic sediment. This appears to armor the
shoreline, diminishing the rate of erosion. Moderately exposed areas are more common, however, and
the levee of moderately exposed areas consists of a mixturé of peat, clay, and sand. In protected
embayments where levees are not present, wave activity undercuts the shoreline and appears to
facilitate erosion.

The marshes, with their top layer of organic rich peat, tend to occur on a basal structure of either
sand or lagoonal clay. Some peats may be up to 2 m in thickness (Benton 1979; Brinson et al. 1991a),
while in other places the rhizosphere is but a thin veneer of organic matter on top of basal sands. The
thicker deeper organic sediments are more common in the eastern part of the Albemarle-Pamlico

Estuarine Study region. Deep peats also occur in western areas where marshes occupy drowned stream
valleys.

Many sources lump "nontidal brackish" tidal marsh with "irregularly flooded" tidal marsh because
both have virtually the same species compositions. The distinction is made between the two marsh
types here because of their fundamentally different landscape positions which affect geomorphic and
hydrologic processes critical to many wetland functions. High marshes in tidal regimes are isolated
from direct lateral exchanges of water and nutrients between marsh and estuary by intervening smooth
cordgrass marsh. Nontidal brackish marshes, in contrast, are shoreline features directly adjacent to the
estuary. For the majority of the shoreline of Pamlico Sound, nontidal brackish marshes are the
interface between the estuary and either upland ecosystems or interior wetlands such as pocosins (see
Landsat Data Table II-3). Porewater salinities vary according to the salinity of the adjacent estuary and
decrease with distance into the marsh interior.

Nontidal brackish marshes are often called "black needlerush marshes” or "Juncus marshes" because
of the prevalence and frequent dominance by black needlerush. Gradients in salinity and flooding
result in parallel changes in species composition. Black needlerush usually occupies the most nearshore
regions with highest salinity and longest hydroperiod where Sea Ox-eye and salt grass also are
common. Elevated levees may have additional species such as giant cordgrass and marsh elder,
presumably because of better drainage and the lower salinity of the porewater.

Several floristic descriptions of nontidal brackish marshes exist. Cooper and Waits (1973) studied a
back-barrier marsh near Hatteras inlet. Marshes in the South Creek area, dominated by black
needlerush, giant cordgrass, and other freshwater to brackish tolerant species, were described and
aboveground biomass accumulation for several community types was estimated (Bellis and Gaither
1985). Aboveground primary productivity of black needlerush in the area appears to be modest
(Williams and Murdoch 1972; Christian et al. 1990). There have been no reports of below-ground
production. Marshes that occur in the protected margins of these tributaries vary in species
composition over short distances. These are the wetlands that appear to be migrating upstream into
forested wetlands of the tidally influenced floodplains of the tributaries (Brinson et al. 1985).
Information is also becoming available on broader expanses of marsh that occur on interfluves and
islands in the Pamlico Sound (Brinson 1992; A. Anderson, N.C. Division of Health Services, and W.
Kirby-Smith, Duke University Marine Lab, personal communication, 1988). These large marshes are
dominated by black needlerush, saltmeadow grass, giant cordgrass, salt grass, and saw grass may be
locally dominant or mixed in with black needlerush.

Decreasing salinities and decreasing hydroperiod toward the marsh interior allow salt intolerant
species to persist, most notably trees and shrubs. This transition from dominance by marsh rushes and
grasses, through a mixture of marsh and shrubs, and finally to a forested wetland or upland, is also
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common in the fringe wetlands of Pamlico Sound. The specific effects of hydroperiod and salinity are
hard to distinguish, however, because they both tend to decrease from the marsh edge to interior.

If Cedar Istand National Wildlife Refuge marsh is representative of the brackish marshes of
Pamlico Sound, fish are more widely distributed in this type of system than previouslty thought. A
study of the Cedar Island marsh found that several species of fish (striped killifish, mummichog, and
mosquito fish) on the marsh surface can be considered a full-time resident species of the marsh rather
than a migratory assemblage that moves between the estuary and the marsh interior (Marraro et al.
1989). Unlike tidal marshes where twice daily flooding allows fish temporary access to the marsh
surface for feeding, the fish on nontidal marshes must endure the marsh surface environment for most
of their lives. Fish diets range from aquatic insects to detritus. The food availability for fish on the
brackish marsh surface differs sharply from that of fish feeding on tidal salt marshes where
invertebrates of marine origin dominate the diet. Nontidal brackish marshes contain many more larval
and adult insect species (Marraro et al. 1991). Numerous species of transient fishes also move on to
the marsh when it is flooded, utilizing this interface for feeding and refuge. Mosquito fish, Sheepshead
minnow, and three species of killifish were the dominant species found on Cedar Island marsh and
have been collected and observed over 2 km from the shoreline (Marraro et al. 1991). Their presence
is likely to have a strong influence on aquatic food webs of the marsh.

Many of the same species of mammals and birds that utilize tidal salt marshes also are found in
nontidal brackish marshes, probably because of the similar vegetation. Several species of rails, for
example, nest and over-winter in brackish marshes. Marsh wrens, seaside sparrows, and red-winged
blackbirds are the most abundant birds sighted during daylight hours (Davis et al. 1991).

Nontidal brackish marsh ecosystems may be among the most underrated in North Carolina; they
have tremendous aerial coverage, yet there is little understanding of their landscape function. Many
people assume that since tidal marshes receive the majority of protection and public notice, they are
the only type of marshes worth protecting. In North Carolina, where nontidal brackish marshes are the
principal wetland type bordering estuaries, their position alone argues that they are performing some of
the same vital functions that tidal marshes perform elsewhere.

C.2.b.2. Status of information. The life history characteristics, salinity tolerance, flooding
tolerance, and growing season dynamics of the nontidal brackish marsh dominant species, black
needlerush, and other common species like saltmeadow grass and salt grass, are well understood
(Eleuterius 1975). In the lower salinity portions of marshes, the many possible factors that determine a
given species composition are not well understood. In higher salinity regions, tolerance to saline
conditions is a major factor.

We do not know the extent of alteration or how alterations are distributed geographically. These
would be fairly easy to determine and document using aerial photographs. The ecological function of
altered marshes has not been studied. Studies of ditched marshes are needed to determine whether they
should be rehabilitated to their former condition and, if so, how this should be done. Since sea level
rise is a most critical process affecting the accretion of marsh surface, the response of marsh alteration
needs to be evaluated. Almost two decades ago, Kuenzler and Marshall (1973) developed research
recommendations for these marshes that have not yet been completely implemented. One of the
biggest threats to the brackish marsh resource is that the accretion capacity of these areas may be
impeded, effectively eliminating them as sites for future wetland processes.
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The status of waterfowl impoundments at Pamlico Point (Goose Creek) and other sites is not
known. Although extensive efforts are undertaken to promote populations of waterfowl and wading
birds, accurate and complete records of waterfowl use of public and/or private impoundments do not
exist.

C.2.b.3. Acreage. Table II-2 shows the 1988 Landsat Data for the land use/land cover data
for the entire A/P Study Area (Khorram et al, 1992). According to the Landsat data set, high
marsh/riverine swamp (category 19) has a total of about 30,081.8 acres. Please note, high
marsh/riverine swamp does not include Juncus roemerianus. Juncus roemerianus is included in
Category 18 - low marsh/riverine swamp - in the earlier discussion. The high marsh/riverine swamp
(Category 19) category includes irregularly flooded marshes dominated by Spartina cynosuroides,
Typha spp., or Phragmites australis. Additional information regarding the 1988 Landsat Data is found
in Appendix C.

C.2.b.4. Trends. The distribution of nontidal brackish marshes will not change unless inlets
are altered by storms or human activities. Creation of more abundant and wider inlets would decrease
the ratio of nontidal marshes relative to tidal marshes.

Traditionally these marshes have been altered to create impoundments to attract waterfowl and to
reduce populations of mosquitoes. A moratorium has been placed on ditching for mosquito control,
however, the potential for these areas to recover to their original, unaltered condition is not known
(Kuenzler and Marshall 1973).

C.2.c. Freshwater marsh

C.2.c.1. Description. Nontidal freshwater marshes are, in many respects, similar to nontidal
brackish marshes. They are part of the continuum toward lower salinity regimes in which the
abundance of or dominance by halophytes is greatly diminished. However, species such as black
needlerush may be common in some areas in spite of prevalence by species less tolerant to salt. It is
not known why these marshes persist in areas that otherwise might be conducive for establishment of
fringe swamp. The nontidal fresh marsh ecosystem probably functions much like nontidal brackish
marsh, but is not as affected by salinity. Evapotranspiration, for example, might be higher in nontidal
freshwater marshes than in brackish marshes because of the lower osmotic stress required for water
uptake. The transitional nature of nontidal freshwater marshes and the presence of salt tolerant species
intermixed with non-halophytes make it difficult to identify unique environmental characteristics or
characteristics that distinguish their development from that of forested wetlands (Table 1I-2).

It is also difficult to distinguish the boundary conditions between freshwater and brackish water
nontidal marshes. Wilson (1962) lists most of the nontidal freshwater marshes in Beaufort, Hyde, Dare,
Camden, and Currituck Counties (Table 1I-1). Nearly half of all such marshes appear to be in
Currituck County alone.

This section of the report emphasizes the nontidal freshwater marshes in the northern part of
Currituck Sound for several reasons: (1) much of the freshwater nontidal marsh in the state occurs
there, (2) Currituck Sound has had a long history of water quality problems, and (3) the region is

undergoing rapid development and land use changes that warrant attention if its wetland resources are
to be protected.
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No information could be found on the depth and composition of sediments underlying the marshes,
although Sincock (1966) reported extensive analyses for sediments in open-water areas of the
Currituck region. Salinities vary, but tend to remain below about 2-3 ppt. Higher salinities in the
southern portion of Currituck Sound, restrict the abundance of freshwater vegetation. Historically,
salinity has periodically increased due to the intrusions of seawater through 8 major and numerous
small breaks in the barrier islands during storms. The highest salinity recorded in Currituck Sound was
roughly 33 ppt (Sincock 1966).

The species richness of these marshes tends to be higher than that of brackish marshes. Common
species reported for northern Currituck Sound are: cattails, arrowheads, olneyi three square, seashore
mallow, smartweeds, salt grass, chair-maker’s rush, and black needlerush (U.S. Department of Interior
1980). Other species may include saltmeadow cordgrass, spikerush, sugarcane plumegrass, pennywort,
and switchgrass (Refuge Manager, Mackay Island National Wildlife Refuge, personal communication
1989).

The Draft Environmental Impact Statement prepared for the National Wildlife Refuge on the
Currituck Outer Banks (U.S. Department of Interior 1980) describes a transition near Monkey Island
between the freshwater marsh in the north and the brackish marsh in the south. Sincock’s report
(1966) contains maps of the Back Bay and Currituck Sound depicting dominant marsh types between
1958 and 1964. Most of the aforementioned species occurred north of Monkey Island, but black
needlerush, giant cordgrass, and saw grass were prevalent in the south. Sincock (1966) stated that
annual vegetative dominance in the northern marshes responds to burning every 2 or 3 years and to
grazing by snow geese. Burning is initiated by muskrat trappers when the marshes are dominated by
rank growths of cattail. After fire, succession begins with umbrella-sedge, spike-rush, and smartweed,
to olneyi three square, giant bulrush, and validus bulrush, and culminates with cattail and seashore
mallow. If an inlet opens in the Currituck Sound for a protracted period of time, the freshwater
component of wetland vegetation along the sound side of Currituck Banks would be replaced by types
characteristic of brackish marsh. Such an event would have a large impact on the overall extent of
nontidal fresh marsh because so much of the state’s resource is located in this area.

This marsh type is not nearly as widespread as nontidal brackish marshes. They do, however,
provide important waterfowl and sports fishing resources. Although submerged aquatic vegetation
(SAV) provide most of the food for waterfowl in the area, Sincock (1966) estimated that the marshes
satisfy 25% of the demand.

It is unknown whether fish utilize nontidal freshwater marsh. Young fish are likely to find cover
and food in abundance. Currituck Sound obviously represents good habitat for waterfowl and fish
(bass in particular) but the functional relationship of the fresh marshes to other components of the
larger estuarine ecosystem has not been well established.

C.2.c.2. Status of information. Most of the research and surveys in the Currituck Sound have
focused upon submerged aquatic vascular plants (SAV) (Sincock 1966; Davis and Carey 1981; Davis
and Brinson 1983) and its importance to waterfowl. There are no records of research papers on the
emergent freshwater communitics except for the brief descriptions in Sincock (1966). There is,
however, no reason to believe that the environmental conditions in which the species of nontidal
freshwater vegetation live differ greatly from those in other geographic regions. Fish utilization of
these marshes, however, probably differs greatly from that of freshwater tidal marshes (Odum et al.
1984) which share some of the same plant species.
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The most recent summary of information is a report prepared by the Currituck Sound Task
Committee (1980) and the field guide for NC National Estuarine Research Reserve by Taggart and
Henderson (1988).

C.2.c.3. Acreage. Table II-2 shows the 1988 Landsat Data for the land use/land cover data
for the entire A/P Study Area. According to the Landsat data set, there is no category which
accurately describes the acreage for nontidal freshwater wetlands. Category (Category) 14 combines
freshwater marsh and riverine swamp (dominated by gum-cypress swamp, but also include maple,

birch, sycamore, sweetgum and oaks). Additional information regarding the 1988 Landsat Data is
found in Appendix C.

C.2.c4. Trends. Of the nontidal freshwater wetlands affected by development in the
Albemarle-Currituck area, those in Currituck County and Currituck Sound have suffered considerable
loss, second only to Pamlico County during 1970-84 (Table II-1). The proximity of Currituck County
to Virginia Beach, Virginia, a major metropolitan area, makes it very attractive for outdoor recreation
and the development of second homes. In fact, the area is becoming known as the playground of the
wealthy from the Virginia Beach area. What was once a relatively remote, unpopulated, agricultural
region of North Carolina will undoubtedly undergo a pattern of development similar to other attractive
coastal regions of the state.

Waterfowl] hunting and sports fisheries remain fundamental uses of these marshes. Commercial
fishermen who favor a brackish water environment and sports fishermen who wish to maintain fresh
water in the system are at odds from a management perspective.

C.3. Scrub-shrub Wetlands

Scrub-shrub wetlands are, according to the wetland classification system used by the U.S. Fish and
Wildlife Service, areas dominated by woody plants less than 20 feet in height. According to Cowardin
et al. (1979), scrub-shrub wetlands occur only in the Estuarine and Palustrine Systems. The types of
woody vegetation that dominate these wetlands include true shrubs, young trees, and trees or shrubs
whose growth has been stunted due to environmental conditions (Cowardin et al. 1979). Scrub-shrub
wetlands may be relatively stable vegetative communities, or they may be successional stages leading
to forested wetlands.

C.3.a. Estuarine scrub-shrub wetlands Estuarine scrub-shrub wetlands are characterized by salt-
tolerant woody vegetation less than 20 feet in height. A small acreage of the project area is estuarine
scrub-shrub wetlands. These areas occur predominately on the mainland side of barrier islands and
will be discussed under Section E of this chapter (i.e., beaches, dunes, flats, etc.). Species such as
groundsel-tree, marsh elder, sea ox-eye, and Southern bayberry may dominate estuarine scrub-shrub
wetlands.

C.3.b. Palustrine scrub-shrub wetlands

C.3.b.1. Description. Palustrine wetlands occur in the country’s interior and consist primarily
of freshwater wetlands (U.S. Fish and Wildlife Service 1984). Palustrine scrub-shrub wetlands are
freshwater wetlands dominated by woody vegetation less than 20 feet tall. As stated above, this
wetland type includes areas vegetated with true shrubs or young trees. '
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Pocosins are the most predominant type of freshwater scrub-shrub wetland in the A/P Study Area.
(See Appendix A for a definition of pocosin.) These isolated inland wetlands are dominated by a
dense, nearly impenetrable cover of evergreen and deciduous shrubs, with scattered trees. They share
many species in common with bay forests and Atlantic white cedar forests, which are considered in
the forested wetland section. Within the Albemarle-Pamlico region, pocosin vegetation is most
common on lower terraces of very flat topography where poor drainage has favored peat accumulation
(paludification), a process which began approximately 5,000-7,000 years ago along small stream
channels and in depressions (Whitehead 1981). Peat subsequently accumulated to create "high-center”
bogs, with the deepest peats occurring in the bog centers. Rainfall is the only input of surface water
to such bogs (i.e., they are ombrotrophic). Water tends to flow out of pocosins in all directions.

Pocosin peats are classified as medihemists and medisaprists, meaning that although fibrous organic
matter is abundant in the surface horizons, subsurface layers have undergone extensive decomposition
(Dolman and Buol 1967; Daniels et al. 1984). Nevertheless, most of these peats contain considerable
quantities of wood (Otte 1981). Pocosin soils are profoundly nutrient poor, especially with respect to
phosphorus (Woodwell 1958; Wilbur and Christensen 1983; Wahlbridge 1986). This is a consequence
of the limited nutrient contents of rainwater and the separation of plant roots from mineral-rich
substrates. In general, nutrient availability is lowest in bog centers (low pocosins) and highest in bay
forests and Atlantic white cedar forests.

A mixture of evergreen and deciduous shrub species dominate pocosins, including titi, fetter-bush,
sweet and bitter gallberry, and honeycup. Pond pine, sweetbay, and loblolly bay occur as scattered
emergent individuals. In the most nutrient-deficient locations plant production is severely limited, but
the diversity of shrub species may be quite high. Sphagnum species may form extensive "hummocks
and hollows" in some locations. On shallower peats and in areas with greater nutrient inputs,
production and shrub stature increases, but the diversity of shrub species decreases. Pond pines may
grow to heights of over 33 feet in these "high pocosins.” It should be noted that pocosins, both those
dominated by shrubs and those dominated by trees, are described in this section. However, sources for
the acreage data, Landsat and Forest Inventory and Analysis, distinguished between shrub and
forested pocosins. Acreage data, therefore, are presented separately for shrub and forested pocosins.
Trend information from Wilson (1962) and Richardson et al. (1981) did not distinguish between the
two, and data from these studies are presented in this section of the report.

In the most nutrient-limited situations, pocosin vegetation represents a successional climax.
Although fires burn through these ecosystems roughly every 30-50 years (Christensen 1981), pocosins
show no sign of succeeding to other community types in the interim years. Many pocosin species are
preadapted to invade disturbed areas and consequently dominate early successional stages following
disturbance on more productive sites. Frequent disturbance such as repeated fire or cutting will tend
to maintain pocosin vegetation under such conditions. Such successional pocosin communities are
often distinguishable by the presence of such species as red maple, black gum, and loblolly pine and
are widespread in the Albemarle-Pamlico region (Schafale and Weakley 1985; Christensen 1988).

Pocosins serve as habitat for animal species, including the Hessel’s hairstreak butterfly, the
federally-threatened American alligator, the black bear, white tailed deer, the bobcat, the marsh rabbit,
the gray squirrel, and the federally-endangered red-cockaded woodpecker (Richardson in press).

Lynch (1982) recorded 51 breeding bird species from a forested pocosin in Martin County. A Dare

County pocosin and associated nonalluvial swamp forest were found to support 15 of the 16 species of
warblers and 7 of the 8 species of woodpeckers that are known to breed in the North Carolina Coastal
Plain (Potter 1982; Peacock and Lynch 1982). The extensive pocosin and nonalluvial swamp areas are
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especially important for area- sensitive forest interior species, which include neotropical migrant
species such as the great crested flycatcher, prothontory warbler, hooded warbler, worm-eating warbler
and Swainson’s warbler. These species are dependent on a large unbroken tract during the breeding
season (Whitcomb et al. 1981). Some geneticists believe that thousands of contiguous acres may be
required to assure the survival of forest interior bird species (Whitcomb 1977). The continued
existence of the black bear in coastal North Carolina is dependent upon the maintenance of large
relatively undisturbed tracts of pocosins and swamps (Hamilton 1978).

Pocosins also have important functions related to water quality. Runoff usually does not exit
pocosins through streams as in most systems. Runoff occurs as sheetflow moving slowly across the
entire surface, or if the surface of the pocosin is not flooded, water moves in the root mass and poorly
decomposed .organic material in the upper soil profile. Very little flow occurs below the surface layer
because of the low hydraulic conductivity of the well-decomposed lower layers (Daniel 1981; Pate
1981). During summer and fall, evapotranspiration is high, and only after heavy or prolonged rains
are soils saturated to the point where sheetflow occurs. In winter, when evapotranspiration is low, the
soil is often saturated and surface water is present. Even under these conditions, rates of runoff rise
slowly after storms, often peaking several days after the rain. Elevated discharges may persist several
days after the rain before slowly tapering to a normal flow. Whenever runoff occurs, the stormwater
moves in a diffuse layer out of the pocosin or nonalluvial swamp forest and discharges over a broad
reach of shoreline along a bordering stream or estuary. This characteristic delivery pattern reduces
- extreme low flow and high flow events. Runoff from these areas is also low in nutrients, essentially
free of suspended sediments, and acidic. Therefore, the runoff from pocosins has a significant
stabilizing affect on water quality and the salinity balance of receiving waters (Daniel 1981). Salinity
balance is especially important in maintaining the productivity of estuarine nursery areas.
Additionally, pocosin peat acts as a sink for the positive heavy metal ions introduced by atmospheric
transport. The peat is a natural reducing environment due to the abundance of organic ions.

Pocosins have received considerable research attention in the past decade. Comprehensive reviews
of their status, soils, hydrology, and vegetation can be found in Richardson (1981), Sharitz and
Gibbons (1982), Ash et al. (1983), and Christensen et al. (1988). Specific information relevant to
localities in the Albemarle-Pamlico region can be found in Musselman et al. (1977), Kirk (1979),
Lynch and Peacock (1982a,b), and Peacock and Lynch (1982a,b).

C.3.b.2. Acreage. Table II-2 shows the Landsat data for the A/P Study Area. According to
the Landsat data set, the acreage of "low pocosin” (category 17) in the North Carolina and Virginia
portions of the study area is 255,047.2 acres. The Landsat data set defines "low pocosin” as

"Predominately areas with organic soils supporting evergreen and deciduous shrubs, vines, briars and
cane."

The A/P Study Area contains excellent examples of pocosin wetlands. The Alligator River National
Wildlife Refuge (NWR) contains forested and scrub-shrub pocosins. The refuge is located in Dare and
Tyrrell Counties, and approximately 99 percent of the refuge is wetland. In addition to pocosins,
Alligator River NWR contains Atlantic white cedar swamp, cypress/hardwood and hardwood/mixed
pine wetlands, and freshwater marsh. Pocosin Lakes NWR lies between the Albemarle and Pamlico
Sounds in Tyrrell, Hyde, and Washington Counties. The majority of this refuge is also wetland, and
the predominant type is southeastern shrub bog, or pocosin. Most of the refuge’s pocosin has been
drained to some extent due to previous agriculture and timbering activities. Disturbed areas are,
however, now in various stages of regrowth. Other wetland types at Pocosin Lakes include
bottomland hardwood forest, Atlantic white cedar, and freshwater marsh. Another refuge in the A-P
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study area, the Great Dismal Swamp NWR, located in Virginia and North Carolina, also contains
small areas of scrub-shrub pocosins. Other large areas of pocosin wetlands include: Dismal Swamp
State Park managed by the N.C. Division of Parks and Recreation; Gull Rock Game Land managed by
N.C. Wildlife Resources Commission; Croatan National Forest managed by the U.S. Forest Service;
and Goose Creek Game Land managed by the N.C. Wildlife Resources Commission (Taggart 1981).
Lynch and Peacock (1982a,b) and Peacock and Lynch (1982a,b) list other preserved sites.

C.3.b.3. Trends. Wilson (1962) surveyed North Carolina wetlands, including pocosins, in 41
counties nearest the coast. According to Wilson (1962) pocosins primarily occur in counties that are
located within 40 miles of our coastal waters; pocosins were defined as bogs in which soils are
"...moist to waterlogged..." and "...often flooded in winter months..." Wilson estimated pocosin
acreage by county and included only natural ombrotrophic pocosins and partially drained pocosins that
maintained typical pocosin vegetation (Richardson et al. 1981). The natural ombrotrophic pocosins
consisted of areas that were undrained and received nutrients from rainfall only and lost water mainly
through evapotranspiration. Wilson’s 1962 data do not represent North Carolina’s original pocosin
acreage because the data do not include pocosins altered for cropland and forest plantations
(Richardson et al. 1981). Richardson et al. (1981) does note, however, that based on Lilly (1981),
pocosin conversion likely had not exceeded 10 percent of the original acreage by the date of Wilson's
survey.

Pocosins occupied 2.24 million acres in North Carolina in the 1950’s (Wilson 1962), at that time
accounting for almost 70 percent of the nation’s pocosins (Richardson et al. 1981). Based on an
analysis of Wilson’s data (1962) by the U.S. Fish and Wildlife Service (Patty Valentine, U.S. Fish and
Wildlife Service, personal communication 1992), the A/P Study Area contained approximately 1.36
million acres of pocosins in the 1950’s. At that time, the Albemarle-Pamlico counties with the
greatest pocosin acreage, each with more than 100,000 acres, were: Hyde, Tyrrell, Dare, Jones,
Craven, Beaufort, and Carteret.

Richardson et al. (1981) compared the data in Wilson’s 1962 report (data actually collected in the
1950’s by the USFWS) to 1979 Landsat imagery to estimate the amount of pocosin wetlands that had
been converted over approximately 30 years. It was estimated that statewide nearly 33 percent
(740,000 acres) of the natural wetlands reported by Wilson were, by 1979, totally developed, i.c.,
wetlands that had been "...drained and ditched, their natural vegetation removed, their soils prepared
for agriculture, forestry, or industry, etc...," and that were clearly shown on Landsat imagery.

Approximately 1.5 million acres of natural or slightly altered pocosins existed in North Carolina in
1979 (Richardson et al. 1981). This number was further separated into two categories: 1) those
pocosins that remained in a natural state; and 2) those pocosins that were "in transition,"” i.e., those
pocosins that "...were either partially altered (drained, cleared, or cut), planned for development by
their owners, and/or disturbed to the point where native vegetation and ecosystem processes were
changed..." Thirty-six percent (808,000 acres) of the 2.24 million acres reported in 1962 were
classified as "in transition,” and 31 percent (695,000 acres) were considered natural. Of the statewide
pocosin acreage that Richardson reported as natural in 1979 (695,000), approximately 398,000 acres
were in the A/P Study Area (Richardson, Duke Wetland Center, Unpublished data 1992).

It would be beneficial to determine the acreage of "in transition” pocosins, identified by Richardson
et al. (1981), that were ultimately developed, but this task would take significant additional effort and
is beyond the scope of this Status and Trends document. Since the publication of Richardson et al.
(1981), some large pocosin areas have moved out of the "in trausition" category, while others have
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moved into it. For instance, many of the pocosin wetlands that are now a part of the Alligator River
NWR and the Pocosin Lakes NWR were in the "in transition" category at the time of the Richardson
et al. (1981) report, but they were subsequently bought by or donated to the USFWS. Other large
pocosin areas that were in the natural category in the 1981 report have since been converted.

In areas where drainage has been extensive, peatlands have been developed for agriculture and
silviculture. There has been considerable commercial interest in these areas for peat mining, but actual
mining has been limited to demonstration areas and small horticultural peat operations to date.

C. 4. Forested Wetlands

The acreage, ownership, and trends portions of each of the three forested wetlands which follow
were obtained from data provided by the Forest Inventory and Analysis Unit (FIA) of the Southeastern
Forest Experiment Station in Asheville, North Carolina. Although this periodic inventory of the
forests of each of the southeastern states is not designed to identify jurisdictional wetlands, it does
identify forested physiographic land forms which are wetland timberland forest. In addition, a
screening of the data to isolate conditions when wetland vegetation dominates or standing water is
evident produced estimates of areas and ownership of "possible wet" forestland throughout those
counties or the Albemarle-Pamlico study area. A more detailed description of the FIA procedures and

a number of tables descriptive of all the forests and of all the possible wet forests of the study area are
contained in Appendix D.

C.4.2. Pocosin forests and related wetlands

C.4.a.1. Description. Pocosin forests are usually characterized by a canopy of evergreens
(pond pine, loblolly bay, red bay, sweet bay), sometimes mixed with deciduous trees (red maple, bald
cypress) and a dense, tangled understory of mostly evergreen shrubs (McDonald et al. 1983). An
herbaceous layer is essentially absent, owing to a lack of adequate light. Herbaceous plants can
sometimes be abundant in the ecological context of a pocosin--along old road cuts, powerline rights-
of-way, and semipermanently flooded depressions within the forest. The water regime is saturated;

soils are typically organic, though mineral pocosins are known, and fire is a regularly occurring (and
controlling) factor.

Forests may be slow to develop due to several factors: low nutrient availability, prolonged soil
saturation and deficiency of soil oxygen, a shallow root zone, an unstable substrate, and a location
often near the coast where the probability is high for tree-toppling winds. Where expanses of suitable
habitat exist, and outlying fringes of shrubs and low trees offer wind protection--much like the salt
spray zone in maritime forests--a relatively tall stand of timber can develop. However, the common
pocosin community consists of poor quality trees scarcely more than 20-30 feet high. Examples of
this type of forest are located along US 264 between Engelhard and Long Shoal River in Hyde
County, along NC 94 near the Alligator River in Tyrrell County, in Croatan National Forest, Carteret
and Craven Counties, Great Dismal Swamp, Camden County; along the North Landing River just
north of the Pungo Ferry Bridge in the City of Virginia Beach (L.C. Ludwig, Virginia Division of
Natural Heritage, personal communication, 1991); and elsewhere.

Certain pond pine stands have a low diversity of pocosin shrubs and a luxuriant growth of giant
cane. It is unclear whether this phenomenon is related to a mineral substrate or to an increased
frequency of fire. Other pocosins may have pockets of bay forest, bald cypress, sweetgum, swamp
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tupelo, Atlantic white cedar, red maple, or other species. These vegetative perturbations are not
understood. '

Pocosin forests are important natural refuges for black bear, bobcat, deer, and other wide-ranging
species. Canals and drainage ditches, sluggish streams, and open bodies of water can maintain a
diverse assemblage of fish, amphibians, reptiles, and other aquatic life when the pH of the water is not
too acidic. Large areas of North Carolina pocosins, notably in Dare, Hyde, Tyrrell, and Camden
Counties, are drained by ditches that contain very acidic water. Thus the faunal diversity is low.

Not infrequently in eastern North Carolina, an evergreen forest with dense evergreen shrubbery
develops on longleaf pine savannas where fires have been excluded. These savannas may occur on
relict sand ridges long ago weathered to only a few inches in elevation above the adjacent sloughs, as
in western Carteret County. Although the vegetative cover may be much like that of a pocosin,

periodic fires could rapidly suppress this shrub layer and promote the characteristic wiregrass savanna
cover.

C.4.a.2. Acreage and ownership. FIA screened data for the Bays and Wet Pocosins
classification is the best available match for the Pocosin and Related Wetland classification. The
acreage by broad ownership category for the two most recent forest surveys are as follows:

Survey Ownership (Acres) 9% Sampling
Year Public Private Total Error

1984 138,137 419,151 557,288 1.27
1990 211,973 300,694 512,667 1.26

C.4.a.3. Trends. Thus there is an apparent decrease of 8.0 percent on this forested wetland
category from 1984 to 1990. An unknown portion of this decrease is due to sampling error. The 53
percent increase in public ownership of bays and wet pocosins consists only of those which contain
commercial timberland. The acreage in parks and preserves where timber harvesting is normally
restricted by legislation is not included in the data. Such acres are usually in public ownership. Also
not included are those bays and wet pocosins which contain so little current or recent volume or are of
such low productivity that they do not meet the assigned requirements of productive timberland.
Therefore, it is likely that the percentage of bays and wet pocosins which are in public ownership is
greater than these data indicated. This should provide an increased level of protection of these unique
wetlands. On the other hand, private land that is poorly stocked (ie. classed as unstocked) is also
excluded from the survey and would not show up in the acres reported, thus, increasing the percentage
of this timberland in public ownership.

C.4.b. Riparian/Alluvial forested wetlands

C.4.b.1. Description. The wetland classification system of Cowardin et al. (1979) identifies
riparian/alluvial forested wetlands as palustrine forested and estuarine forested wetlands, with
additional modifiers explicitly defining wetlands by vegetation type and hydrology. Commonly, these
areas are referred to as "bottomlands” or "wooded wetlands”. They occur along the Nottoway River in
Virginia, along the Roanoke, the Tar and Pamlico, the Neuse in North Carolina, and along other large
interior streams in both States. Tidewater rivers may have adjacent swamps but these wetlands lack
strong alluvial processes.
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Environmental factors that interact to create riparian forested wetlands include a complex inter-
relationship among geomorphology, hydrology, energy distributions (primarily driven by hydraulic
energy), and physio-chemical nutrient relationships. Much variation exists within and among riparian
forested wetlands, but unifying characteristics also exist. These unifying characteristics include a
linear form, the corridor for transport of water and erodible material, and a profound connection with
ecosystems upstream and downstream (Brinson et al. 1981).

Riparian forested wetlands function as buffers which dissipate the physical energies of the riverine
system. As the hydraulic energy is reduced, the velocity of the water slows and sediments are dropped
from suspension. Within highly eroded floodways, a mosaic of sediment ridges and scoured swales
provides water storage, and thus a reduction of depth of the water column. During the growing
season, mineral nutrients from the water are fixed in plant tissues and later released as detritus, fueling
the complex chemical energy pathways of the floodplain organisms and downstream ecosystems. The
dendritic flow pattern during flood events permits mobile aquatic organisms to move out of the main
stream and to return again as the water recedes. Timing of anadromous fish spawning runs may
coincide with overbank flooding in the late winter and early spring months. Interaction of the riparian
forested ecosystem with the geomorphologic, chemical, nutrient, and energy components of the
riverine system yields a particularly high level of productivity (Wharton et al. 1982).

Plant community composition and distribution in riparian forested wetlands are influenced by the
species’ tolerance to anaerobic conditions. Other factors influencing the distribution of plant species
include seed availability and dispersal sources upstream, soil characteristics, detrital decomposition
rates, soil and water pH, nutrient availability and turnover rates, flood depth and water velocity, light
intensity, and levels of human and natural disturbance (Wharton et al. 1982). The variability and
interaction of these factors produces a very diverse assemblage of plants.

In the wettest habitats of the Albemarle-Pamlico area, muck forests are dominated by bald cypress
and water-tupelo. According to the Cowardin et. al (1979) classification, they are semi-permanently
flooded. The soil surface is covered by undecomposed leaves and is occasionally exposed during
summer droughts when evapotranspiration is also intense. Emergent herbaceous plants have little
opportunity for development. As the hydrology is modified somewhat by swifter flow, higher banks,
narrower channels, coarser-grained sediments, or greater distance from the stream channel, a somewhat
different group of plants may be present. Common trees include American elm, red maple, sycamore,
sweetgum, green ash, laurel oak, swamp cottonwood, water hickory, water oak, sugarberry, river birch,
Shumard oak, cherrybark oak, and others. Black willows and river birches may overhang the stream.
Levees will often have seedlings and small trees of common pawpaw. Along smaller streams,
particularly, riparian wetlands will contain American holly and a diverse shrub assemblage. These
habitats are noteworthy sites for some of our most aggressive pest species--Chinese privet, Japanese
honeysuckle, joint-head arthraxon, Nepal microstegium, and ground ivy. The disturbance factor,
favoring the establishment of pest species, is often accentuated by small stream channelization,

highway ditches, and an apparent propensity by the public to dump trash at isolated bottomland road
crossings.

Riparian wetlands such as the Roanoke River bottomlands are highly regarded as wildlife habitat,
especially for white-tailed deer and wild turkey. Some wetland wildlife species are perceived to be
nuisances by some property owners. Within recent years, beavers have proliferated in the interior
counties of the A/P study area. Allen (1982) suggests that in addition to adequate food species,
suitable habitat for beavers must contain stable aquatic habitat and a channel gradient of less than 15
percent. The extent of timber loss that is a direct result of perennial inundation caused by beavers is
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unknown. Field verification of National Wetlands Inventory maps reveals substantial conversions of
forests to marshes and open water in the interior Coastal Plain counties of the A/P study area. In at
least one county soil survey, soil scientists have found extensive beaver ponds in areas that the latest
available photography depicts as bottomland forests [personal communication (1992), R.H. Ranson,
Je].

Riparian wetlands support a variety of indigenous invertebrates, amphibians, reptiles, mammals,
birds, and fish. The corridors of forest provide migratory paths for mammals and birds. Efforts to
maintain streamside management zones of woodlands are evidenced by such policy documents as
North Carolina’s best management practices for forestry in wetlands (Department of Environment,
Health, and Natural Resources 1990).

C.4.b.2. Acreage. The FIA physiographic "possible wet" classification which most nearly fit
the wetlands described in this section are the broad flood plains, the narrow flood plains, deep
swamps, and the miscellaneous hydric. The aggregate acres for these three classifications by the broad
ownership categories for the two most recent forest surveys are as follows:

Survey Ownership (Acres) % Sampling
Year  Public Private Total Error
1984 48,858 1,094,124 1,142,982 0.88
1990 71,709 1,032,924 1,104,636 0.90

C.4.b.3. Trends. The lack of consistent, comprehensive inventories complicates any valid
assessment of historical acreage of riparian forested wetland types in the Albemarle-Pamlico study
area. Wilson (1962) reported approximate acreage by county from data extracted from the Office of
River Basin Studies (1954), but he used wetlands samples no smaller than 40 acres. In the North
Carolina part of the Albemarle-Pamlico study area, "bottomlands" occupied 302,850 acres and
"wooded swamps" occupied 501,250 acres. These figures represented 66% and 51%, respectively, of
the state total for these forested wetland types, which were the best estimates at the time. Forested
wetland conversions have occurred at a high rate on a national basis in recent years (Frayer et al.
1983). The US Department of Agriculture, Soil Conservation Service (1989) reported in its National
Resource Inventory 1982-87 that 1244 miles of channels and dikes had been completed in North
Carolina with 1459 miles planned. Drainage has accompanied land clearance for agriculture, improved
silviculture, mosquito control, and flood control in and around municipalities.

Despite reports of extensive conversion of forested wetlands to other wetland and nonwetland
types [Richardson et al. (1981); Tiner (1984); Hefner and Brown (1985); Cashin (1990); Dahl (1990);
Dahl and Johnson (1991); Department of Environment, Health, and Natural Resources 1991)], the
Roanoke River floodplain is one of the largest intact and least disturbed bottomland forest ecosystems
remaining in the mid-Atlantic region. But even the Roanoke fails to flood as it one time did. From
Roanoke Rapids upstream, a succession of dams impounds the river, and what one now sees
developing on the floodplain downstream is a riparian forest that typifies an altered water regime.
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C.4.c. Nonriparian forested wetlands

C.4.c.1. Description. Nonriverine swamp forests occur on broad flat areas, where poor
drainage and high water tables keep them ponded for significant intervals during the year. These
swamps frequently occur near the edge of large peatlands, grading into pocosins or related
communities toward the interior of the peatland. They may grade to moist upland communities on the

better drained periphery, or they may form a narrow fringe swamp along freshwater estuaries (Brinson
et al. 1985).

Swamps that occur between small brackish marsh creeks and the freshwater zone at the mouths of
streams may also have attributes of fringe swamps. They are located too far downstream to have pure
riverine characteristics, and so, in part, are under sea-level control. At the present time these swamps
are being overtaken by the upstream migration of brackish marshes of various combinations of plants
associated with a general response to sea level rise. On a short-term basis, however, fringe swamps
may be affected by excessive flooding during coastal "nor’easters" and hurricane events. Shoreline
vegetation of the upper Alligator River in Dare and Tyrrell Counties allegedly changed after the
construction of the Atlantic Intracoastal Waterway because this waterway opened a passage that
allowed saltier water from the Pungo River to enter an oligohaline system.

Observed from the water, fringe swamps often give the impression that they consist primarily of
bald cypress. According to Brinson et al. (1985), examination of several sites revealed, however, that
bald cypress is more abundant at the estuarine edge than toward the swamp interior. Likely
contributing factors are variations in species’ flooding tolerances, resistance to decay, and lack of
windfall of bald cypress relative to other species. Regardless, by the time erosion causes the shoreline
to retreat into the swamp, the only tree species remaining in the permanently flooded condition is bald
cypress. The extensive and complex root structure allows this species to remain standing and
contribute to the complex aquatic habitat near the shoreline.

Another interesting forested swamp exists along the marshes of Beaufort, Hyde, Pamlico, and
Carteret Counties (and perhaps elsewhere). This forest consists predominately of loblolly pine,
occasionally with a scattering of bald cypress and a typical subcanopy of red cedar, bays, red maple,
eastern false-willow, southern bayberry, and other coastal species. An excellent example is in the
vicinity of Rose Bay and US Highway 264 in Hyde County. Purer pine stands can be found on the
southwest side of Pantego Creek near Belhaven (Beaufort Co.) and in Cedar Island National Wildlife
Refuge, Carteret Co. At other sites, pond pine may predominate, and should be expected since the
soils are clearly saturated for long periods of time. While this forest type is in clear proximity to
brackish marshes, it would appear that lateral flow of freshwater through the root zone is sufficient to
allow non-halophytes to grow.

Nonriverine swamp forests are communities dominated by species similar to those on river
floodplains, but occur on sites not associated with present-day river or tidal flooding. Schafale and
Weakley (1985) recognize two community types within this category: the cypress-and-gum dominated
nonriverine swamp forest type on the wetter sites, and the oak dominated nonriverine wet hardwood
forest type on slightly drier sites. The latter seems to correlate with broad flats of silt, silty loam, and
loamy clay. Until recently, some of these clay flats were mapped as Roanoke loam by soils scientists,
who recognized that first terraces and second terraces in the Roanoke Valley contained slightly
different soils. The newer soils mapping (as in Hyde and Beaufort Counties, NC) shows these poorly
draining flats series other than Roanoke loam.
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The nonriverine swamp forest type, in its primary state, was thought to be dominated by bald
cypress and swamp tupelo, with infrequent loblolly pine and Atlantic white cedar. After early logging,
bald cypress seldom regenerated. and the logged areas generally became dominated by a low canopy
of black gum, red maple, or loblolly pine. The shrub layer, initially fairly open, often became dense
and pocosin-like.

The nonriverine wet hardwood forest type in natural condition was dominated by bottomland
hardwood species (sweetgum, laurel oak, cherrybark oak, swamp chestnut oak, willow oak, swamp
tupelo, American elm, and red maple) with occasional moist slope species (American beech, American
hornbeam, flowering dogwood, sourwood). Shrub species tended to be sparse. Once logged, areas
that formerly had canebrakes became dense thicket stands of giant cane, coast pepper-bush, catbrier,
and overstory trees of loblolly pine.

Prior to widespread ditching, water would have entered nonriverine swamps by rainfall, shallow
groundwater flow, and possibly by sheet flow from adjacent pocosins. In most places the water would
have fed into the heads of small drainages, connecting to better developed streams and ultimately to
the estuaries. In a few places, such as the Great Dismal Swamp, water would have left as sheet flow
onto adjacent peatlands. Like all large wetlands, these communities would have stored fresh water,
and released it gradually into the streams and estuaries, thereby reducing peak flows. By their position
at the margin of large pocosin areas, these communities may have mediated the flow of water out of
them.

Nonriverine swamps have received little study in comparison to marshes, pocosins, and
bottomlands. No quantitative studies are known. Lynch and Peacock (1982b) and Peacock and Lynch
(1982a) gave qualitative descriptions of remnant areas included in county natural areas inventories.
Greater attention has focused on the more extensive nonriverine swamp forest type, particularly the
Great Dismal Swamp (Carter and Gammon 1976; Musselman et al. 1977; Kirk 1979), but information
is largely lacking on most other examples of nonriverine swamp forest. Limited information on
natural conditions, dynamics. endangered species, fire regime, and hydrology complicate management
plans when they are proposed.

C.4.c.2. Acreage and ownership. These low lying flat areas, not associated with rivers and
free flowing drainage, are the most extensive physiographic type within the A/P study area. In the
FIA data, these areas are identified as wet flats and dry pocosin. The "Possible Wet" screened data for
the wet flat and dry pocosin type in the A/P study area resulted in the following estimates of non-
riparian forested wetland acreage and ownership for the most recent two surveys:

Survey Ownership (Acres) 9% Sampling
Year Public Private Total Error
1984 24,464 1,005,654 1,030,118 0.93
1990 28,981 1,184,565 1,213,546 0.86

C.4.c.3. Trends. Nonriverine hardwood forests were once a common community type in the
Albemarle-Pamlico region. Ashe and Pinchot (1897) reported that oak flats once covered 1000 square
miles of the coastal plain. one-fourth of the swamp area (apparently not including river floodplains
which they discussed separately). Based on soils, Peacock and Lynch (1982b) estimated that this type
of community was once the most common in Pamlico County and that the same was undoubtedly true
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in other counties in the region. Because these sites are fertile and easily drained, most have been
converted to agriculture. Additional acreage has been partially drained and put into timber plantations.
[We make a distinction between drainage systems which are routinely maintained and those which
were constructed primarily to facilitate timber harvest and reforestation, and which are not maintained
as often.] These activities continue to reduce the few known remnants.

The wetter nonriverine swamp forest type also occupied vast areas on the Outer Coastal Plain.
They, too, have been much reduced by conversion to agriculture and timber plantations. Of the
substantial acreage remaining, most of it has an altered hydrology and its trees have been harvested
repeatedly.

D. SPECIAL FISHERIES HABITATS

D. 1. Bay Scallop Beds

~ D.l.a. Description. In North Carolina, bay scallop (Argopecten irradians concentricus) beds occur

“only in seagrass beds (Gutsell 1930; Thayer and Stuart 1974) in waters of year-round high salinity (>
26 ppt). Three seagrasses (Zostera marina, Halodule wrightii, and Ruppia maritima) provide a
substrate for attachment of newly recruited bay scallops, which spend their first 2-4 months of life
attached by byssal threads to blades of seagrass (Thayer et al. 1984b). This attachment holds the
juvenile scallops above the bottom, thereby preventing them from being buried under sediments,
helping to maintain lower turbidity in the scallops’ immediate vicinity, and allowing for greater flux of
foods than would occur on the bottom (Eckman et al. 1989). The food supplies of bay scallops may
also be enhanced by the production of microalgae and bacteria on blades of seagrass. Predation rates
on juvenile scallops are reduced by the structural complexity of emergent substrate (seagrass shoots
and blades), known to inhibit several sorts of predators (Heck and Thoman 1981; Summerson and
Peterson 1984).

Even after the age of 2-4 months, bay scallops remain within seagrass beds despite their ability to
swim (Peterson et al. 1982). When displaced from seagrass meadows, adult bay scallops tend to
migrate rapidly back to the meadow; this tendency maintains the scallop population within the
meadow (Peterson et al. 1989). Adult bay scallops outside seagrass suffer much greater predation
from whelks (Busycon spp.) than those that remain inside seagrass beds (Peterson et al. 1989; Prescott
1990). Experimental reduction of seagrass cover resulted in proportionate declines in resident bay
scallop abundance (Peterson et al. 1987).

Bay scallop habitat is controlled by all the factors affecting seagrass abundance (turbidity, bottom
disturbance -- especially that resulting from fishing practices, disease, temperature, etc.). Scallop
habitat i also controlled by factors affecting bay scallop survival (turbidity [Duggan 1973] and salinity
[Mercaldo and Rhodes 1982] primarily). There appears to be planktonic food in excess for suspension
feeders in North Carolina estuaries (Peterson and Beal 1989). In the Albemarle Sound, no bay
scallops exist because of depressed salinities. Low salinity in Pamlico Sound constrains the bay
scallop distribution to a narrow eastern fringe close to Atlantic Ocean inlets. If an inlet were to break

through into Currituck Sound during a hurricane, for example, substantial bay scallop habitat could
form in that sound.
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In Pamlico Sound, bay scallop beds are distributed in a narrow band along the Outer Banks from
north of Oregon Inlet to Cedar Island. Farther south, bay scallop habitat widens to include the full
breadth of Core Sound, Back Sound, and Bogue Sound. Some substantial pockets of suitable and
productive bay scallop habitat occur in large, highly saline rivers such as the North River, Newport
River, White Oak River, and New River. Some bay scallop habitat occurs south of Bogue Inlet
(notably in Stump Sound and New River Inlet), but is limited in these areas.

Historically, 60% of the bay scallop harvest in North Carolina has come from western Bogue
Sound (Salter Path to Bogue Inlet), 35% from Back and Core sounds, and only 5% from all other
water bodies (catch statistics from NC Division of Marine Fisheries).

The bay scallop is the most physiologically sensitive of all of North Carolina’s shellfish and so can
act as the fisheries "canary"” to indicate the onset of problems with the health of estuarine systems.
Similarly, the seagrass beds themselves serve as an indicator of ecosystem health, as shown by history
of the Chesapeake Bay (Orth and Moore 1983).

Bay scallops are of great importance to local fishing communities (Fricke 1980). The bay scallop
is harvested and brings income during the winter season, when few alternatives exist for North
Carolina fishermen. Furthermore, local shucking and processing of bay scallops, often by the family
members of fishermen, add substantially to the economic value of the bay scallop to North Carolina.

D.1.b. Status of Information. The functions of bay scallop habitat are reasonably well
understood. Among the least understood phenomena, however, is the role of recruitment in
determining bay scallop abundance. Bay scallop recruitment appears to be limited, in part, because
vagaries of larval transport determine where the population will be concentrated in any given year.
Understanding the role of recruitment will require much more research.

The distribution of suitable seagrass habitat in Pamlico Sound is reasonably well known (Section II.
B. 2.), but the year-to-year dynamics of seagrass bed distribution have not been sufficiently studied.

D.1.c. Trends. The trends in abundance and distribution of bay scallop habitat are not known. The
bay scallop resource is fully utilized by commercial fishermen every year. The SAV habitat is
potentially threatened by lack of controls on freshwater runoff and turbidity, both of which may be
expected to increase as development increases.

D.1.d. Management/Regulatory Status and Trends. Most scallop habitat is included in two areas
(Core Sound and western Bogue Sound) that have been nominated by the NC Division of Marine
Fisheries for designation as Outstanding Resource Waters (ORWSs). The habitat for bay scallops is
managed only to the degree that bullraking, clam "kicking", and dredging for clams and oysters are
prohibited in seagrass beds by Marine Fisheries Commission (MFC) regulations and to the degree that
Environmental Management Commission (EMC) stormwater runoff regulations reduce freshwater
influx and turbidity-enhancing erosion. Increasingly intense hand raking for clams uproots large
amounts of seagrass (Peterson et al. 1983) and thereby diminishes the quantity and quality of bay
scallop habitat. In addition, stormwater runoff regulations are not designed to protect maintain high
salinity regimes.

D. 2. Hard Clam Beds
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D. 2. a. Description. Hard clams (Mercenaria mercenaria) live in a wide range of sediment types
from shell hash (oyster rocks), to sands, to muds (Pratt 1953; Pratt and Campbell 1956). They
generally reach their highest abundances in muddy sands and sandy muds (Wells 1957), although shell
hash is the best of all bottom types (Castagna and Kraeuter 1977). Water temperature is suitable for
hard clams everywhere in the North Carolina’s estuaries. The habitat for hard clams in the Albemarle
and Pamlico sounds is limited almost solely by salinity. Hard clams require waters of relatively high
salinity (permanently above about 12.5 ppt), but are tolerant of a lower salinity than bay scallops;
therefore, so the hard clam habitat includes all the bay scallop habitat plus a large area of lower
salinity and reduced or absent seagrass. Only a few beds exist in Pamlico Sound in a relatively
narrow band along the Outer Banks (from Cedar Island to Buxton, including the area from Oregon
Inlet westward to mid-Pamlico Sound on Bluff Shoal). This limited area of hard clam habitat in
Pamlico Sound continues, however, to support a significant commercial clam catch. No hard clam
beds exist in the very low salinity Albemarle Sound.

Sediments serve as a substrate in which hard clams bury themselves. The sediment buffers the
clams from the physiological effects of rapid changes in the temperature or salinity of the overlying
water column (Johnson 1965, 1967) and protects the clams from predators. Shell hash (Castagna and
Kraeuter 1977) and seagrass roots and rhizomes (Peterson 1982, 1986a) offer even better protection
from predators.

The sediments and the water column provide food resources for hard clams. These food resources,
mostly phytoplankton, are extremely abundant in North Carolina estuaries (Peterson and Beal 1989).
Nevertheless, clams need to live in areas of appreciable horizontal advection to avoid possible
depletion of foods in benthic boundary layers (Wildish and Kristmanson 1979).

Hard clams are often limited in abundance and distribution by predation. Whelks probably limit
hard clam abundance in clean sand and high salinity near Ocracoke, Hatteras, and Oregon Inlets
(Peterson 1982). Blue crabs are an even more important enemy in many areas (Arnold 1984), but
probably do not restrict hard clam distribution in Pamlico Sound. Hard clams are not afflicted by any
significant disease problems in North Carolina.

Because hard clams live in excess of 40 years in North Carolina (Peterson 1983, 1986b), they are a
fishery resource that, if not over-harvested, can be conserved and harvested sustainably year after year.
The maintenance of a healthy hard clam resource will provide an economic safety factor for fishermen.
The economic value of hard clams has risen high enough ($6.2 million in 1988) to make this fishery
extremely significant to the economy of North Carolina. This high value can justify aquaculture of
hard clams, now economically feasible over large portions of southern and eastern Pamlico Sound.

D.2.b. Status of Information. The abiotic and biotic components that define hard clam habitat are
reasonably well known (Pratt 1953; Pratt and Campbell 1956; Wells 1957; Carriker 1959). The degree
to which larval events and settlement phenomena influence hard clam distribution is, however, still
being researched (Butman et al. 1988).

The role of shell hash and seagrass cover in inhibiting predation is well established (Castagna and
Kraeuter 1977; Peterson 1982). The physiological effects of low salinity are also clear. Less obvious
is the importance of substrate (sediment grade) relative to flow regime, because these two factors are
complexly inter-related (Grizzle and Morin 1989).
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Fishing pressure is intense enough on hard clams that collectively fishermen have an excellent
knowledge of the distribution of hard clam habitat everywhere in North Carolina. However, no
quantitative chart of hard clam habitat exists. The NC Division of Marine Fisheries (DMF) is now
engaged in preparing such a map.

Knowledge of the critical roles that high salinity, seagrass cover, and intact shell bottoms play
helps dictate the means of preserving hard clam habitat in the Pamlico Sound. Fortunately, measures
taken to avoid increasing freshwater runoff from storms will not only maintain high salinities but will
also limit fecal coliform pollution, the primary cause of the closure of clam beds to shellfishing.

D.2.c. Trends. No data exist concerning the temporal pattern of change in hard clam habitat in
North Carolina. Habitat distribution probably changes most due to variation in salinity regimes. Such
variation occurs on a large scale for 3 reasons. First, the degree of infilling of ocean inlets can -
radically affect the tidal water exchange and thus the extent of high-salinity habitat inside Pamlico
Sound. Because of shoaling of key inlets, especially Oregon Inlet, hard clam habitat in Pamlico Sound
may have been reduced over the past 10-20 years, but no distributional data exist to assess this
hypothesis. Second, the clearing and paving of land in the watershed act to increase freshwater runoff
and reduce estuarine salinity. This may have restricted the hard clam habitat in the recent past. Third,
variation in rainfall variation causes variation in salinity regimes. The drought period between 1985
and 1989 increased clam habitat. In fact, clams were caught incidental to oyster dredging around the
mouth of West Bay, which is not known as a clam-producing area.

The habitat quality for hard clams in Pamlico Sound remains high, except where declining
salinities, due to inlet shoaling and stormwater runoff, are restricting the extent of the habitat. The full
extent of restriction or devaluation of hard clam habitat due to increased stormwater runoff and
drainage has yet to be experienced because the last few years have been unusually dry. Clam kicking
and over-fishing, however, are jeopardizing the sustained yield of hard clams in most habitats.

Use of the hard clam resource in North Carolina has increased greatly in recent decades, with an
approximately 8-fold increase in landings from the 1960s and early 1970s to 1985. In the past two or
three years, catch declined to the level of the late 1970s despite continued high fishing effort.

D.2.d. Management/Regulatory Status and Trends. Hard clam habitat is protected in North
Carolina by stormwater runoff regulations promulgated by the EMC and by management of
bottom-disturbing practices by the MFC. Mechanical harvesting of hard clams is prohibited in
seagrass beds by MFC regulation in an effort to protect the seagrasses from being uprooted.
Unfortunately, some illegal harvest by the mechanical harvesters has occurred in seagrass beds,
especially in southern Pamlico Sound just north of the Wainwright Islands. Inlet management is
complicated by the need for federal cooperation to provide financial support for maintenance and
dredging. It is not clear whether existing stormwater runoff regulations are providing adequate
protection for hard clam habitat. A number of the major hard clam beds in the state are included in
area that has been nominated for designation as Qutstanding Resource Waters,

D. 3. American Oyster Beds
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D.3.a. Description. American oysters (Crassostrea virginica) require a hard substrate for larval
attachment and subsequent growth to adulthood. The hard substrate, biotic or abiotic, provides a hard
surface for larval attachment up above the sediments. This allows the newly metamorphosed oysters
to feed without suffocating under sediment cover. Oyster reefs also provide important habitat for
several commercially and recreationally significant fishes. This hard substrate is ordinarily provided
by biogenic calcium carbonate, namely, the shells of dead or living oysters. Oyster habitat also
includes abiotic hard substrates, such as seawalls, bulkheads, and pilings (Ortega 1981). Oysters can
tolerate lower salinities than can hard clams or bay scallops, but they are limited to salinities within a
range of 5-30 ppt (Chanley 1957; Galtsoff 1964, Burrell 1977).

Oysters are widely distributed in relatively discrete beds throughout Pamlico Sound. Although the
locations of some oyster beds are relatively fixed, many oyster beds are transient. Several of these
beds have been created by planting mollusc shells through DMF’s oyster management program.
Oyster beds are absent from deeper depositional basins in Pamlico Sound, where summer anoxia is a
routine event (Tenore 1972). Oysters are not found in Albemarle Sound, except in the extreme lower
portions of the sound around northern Roanoke Island for short periods during drought years.

Intertidal oysters in the Albemarle and Pamlico Sounds occasionally experience massive winter kills
from intense freezes, but these events only temporarily restrict the oyster habitat, in part because there
are such limited intertidal zones in these bodies of water. Intense summer heat may enhance the
propagation of protozoan diseases, MSX and "Dermo”, (see Chapter IV.G.) and so contribute to oyster
mortality. Such diseases, however, probably do not limit oyster habitat in Pamlico or Albemarle
Sounds to the extent that high summer water temperatures do. Summer anoxia in the deeper basins of
the Albemarle and Pamlico Sounds greatly limits oyster habitat (Tenore 1972).

Oyster habitat is devalued by the increasing extent and intensity of anoxia events in Pamlico
Sound. These events are a reflection of increased eutrophication of the Pamlico Sound tributaries
caused by excessive nutrient inputs by farm runoff, municipal sewerage discharges, and industrial
sources of nutrients and organics. Oyster habitat may also be affected adversely by the use of heavy
oyster dredges. Heavy dredges destroy, scatter, and bury the shell material necessary for larval
settlement and perpetuation of the oyster bed. Oyster habitat may also be negatively affected by other
fishing practices, such as clam kicking and trawling, that suspend sediments and cause sediment
deposition on shell surfaces in the oyster bed. This can suffocate live oysters and make potential
settlement surfaces unacceptable to oyster larvae.

Oysters feed largely on suspended phytoplankton and suspended benthic microalgae (Haines and
Montague 1979). These types of food sources for suspension-feeding invertebrates do not appear to be
limited in North Carolina’s estuaries (Peterson and Beal 1989). The presence of suitable hard
substrate, usually provided by oyster shells, is the greatest limitation to the abundance and distribution
of commercially harvestable oyster beds. In areas of high salinity (in excess of about 30 ppt)
predators such as the oyster drill (Urosalpina cinerea) greatly limit the abundance of adult oysters
(Wells 1961). Such high salinities, however, occur only in close proximity to Ocracoke, Hatteras, and
Oregon Inlets in Pamlico and Albemarle Sounds.

D.3.b. Status of Information. The physical and biological factors that define oyster habitat are
reasonably well known (Carriker 1959; Galtsoff 1964; Loosanoff 1965). Perhaps the most serious
omission in our knowledge is an appreciation of the factors that influence oyster recruitment patterns.
Some research is being conducted now in Pamlico Sound to help fill this void in our knowledge.
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Perhaps the least understood process affecting oyster habitat is the epidemiology of the two oyster
diseases, "MSX" and "Dermo". Other functions of oyster habitat variables are reasonably well
appreciated.

The DMF is now involved in a shellfish mapping survey that should provide quantitative
information of oyster habitat in Pamlico and Albemarle Sounds. Presently, no comprehensive map of
the distribution of productive oyster beds exists.

D.3.c. Trends. With recent drought years, oyster populations have tended to move substantially
upriver in many Pamlico Sound tributaries, presumably in response to increasing salinity. The
incidence of "MSX" and "Dermo" was especially great in the summer of 1988, but whether this
represents the beginning of a trend of increasing disease occurrence or whether it was simply a
consequence of the extreme heat and drought, remains unclear.

D.3.d. Management/Regulatory Status and Trends. The most significant management activity
affecting oysters in Pamlico Sound is the DMF shell planting program. New mounds of shell material
are introduced at various locations in the sounds to provide surfaces for larval attachment. This
program has been extremely successful, suggesting that suitable settlement substrate indeed limits
oyster abundance and production in North Carolina. A current research program is assessing how
shell planting success varies with key habitat variables to improve the siting of the shell mounds.

D. 4. Nursery Areas

D.4.a. Description. Nursery areas are those portions of estuarine waters most critical to the early
life stages of marine and estuarine organisms. Initial development of the postlarval stages of many
fish and shellfish species occurs in primary nursery areas (Type I) located in the uppermost areas of
estuaries and their tributaries. As these organisms develop, they move seaward into secondary nursery
areas (Type II) in the mid-portions of estuaries. In the lower portions of estuaries, young-of-the-year
become mixed in temporary or transport nursery areas (Type III) prior to or during migration (Purvis
1976).

Low salinities and shallow depths characterize primary nursery areas. The substrate is usually soft
mud and/or mud-grass; fish populations consist uniformly of very young juveniles (Purvis 1976).
Moderate depths and salinities are characteristic of secondary nursery areas in the lower and/or deeper
portions of creeks and bays (Phalen 1989). Bottoms may be sand or sand-grass; fish populations
consist generally of developing juveniles of similar size (Purvis 1976). The greatest estuarine depths
and highest salinities are found in the temporary nurseries or transport areas (Purvis 1976). These
gathering areas and migration routes are located in the lower portions of major estuaries nearest to the
inlets (Purvis 1976).

Although the classification of nursery areas given above is commonly used, Ross and Epperly
(1985) divided Pamlico Sound nursery areas into five groups on the basis of Morisita’s and
Czekanowski's indices, catch-per-unit-effort (CPUE) data, and a discriminant model using 11 abiotic
variables. They were able to ascertain correlations between associated environmental factors, CPUE,
and groups of estuarine fish species (Ross and Epperly 1985).

From 1979 to 1984, 128 species were taken in the DMF's estuarine trawl survey (the entire
program includes 119 stations from Pamlico Sound to the Cape Fear River). Despite the apparent
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species diversity, each year only 10 species comprised over 97% of the individuals taken, and 7 -- spot
(Leiostomus xanthurus), croaker (Micropogonias undulatus), menhaden (Brevoortia tyrannus), brown
shrimp (Penaeus aztecus), blue crabs (Callinectes sapidus), southern flounder (Paralichthys
lethostigma), and silver perch (Bairdiella chrysoura) - were among the 10 most abundant each year in
samples taken by 3.2 m trawls. Spot was by far the most common species, comprising roughly 60%
of all individuals taken, and croaker was the second most common species, representing 15 to 25% of
all individuals (DeVries 1985). Nursery areas are designated for management purposes based on the
CPUE in traw] samples of juveniles and the proportion of juveniles in the catch (Purvis 1976).

Different species enter the nursery areas at different times of the year, and remain for varying
periods. Juvenile spot begin entering in February, and the species is present in large numbers during
every month except December (Purvis 1976). Postlarval croakers arrive over a prolonged period from
August through May but peak recruitment takes place during winter and early spring (Purvis 1976).
Postlarval menhaden are recruited during February through June (Purvis 1976). Brown shrimp are
found from July through October and from April through June. They begin entering the commercial
fishery in April and continue doing so until July (Purvis 1976). Blue crabs are present in primary
nursery areas throughout the year (Purvis 1976).

Primary nursery areas (Type I) have been delineated in most of the tributary bays and estuarine
streams along the north shore of Pamlico Sound (Epperly 1984). The more diffuse secondary nursery

areas and temporary or transport nursery areas are recognized as a matter of policy but have not been
delineated geographically.

Because primary nursery areas are located in the upper reaches of estuaries and are characterized by
low salinity, they are very sensitive to activities on adjacent uplands. Variations in freshwater inflow
resulting from drainage or an increase in the area of impermeable surface can alter the velocity and
magnitude of salinity changes. Sediment coming from agriculture, land clearing, and development
activities can reduce light penetration and suffocate benthic organisms. Nutrients and other pollutants
originating from septic tanks or industrial or municipal discharges can increase the production of
unwanted plankton or, alternatively, can poison and disrupt the desirable balance of estuarine
organisms (Epperly 1984). Because of the complexity of the estuarine system and the synergy among
environmental factors, it is difficult to demonstrate the degree to which any one factor is limiting
estuarine productivity at any particular time. Any or all may have a profound impact upon

environmental conditions in primary nursery areas and their continued contributions to estuarine and
marine fisheries.

D.4.b. Status of Information. The NC Wildlife Resources Commission and the DMF have been
the most active agencies collecting information concerning nursery areas in the Albemarle/Pamlico
region. As part of its surveys of inland fishing waters, DMF personnel surveyed waters off the
Albemarle/Pamlico peninsula during the summer of 1964 (Bayless and Shannon 1965; Smith and
Baker 1965) and Lake Phelps in 1965, 1976, and 1978 (Kornegay and Dineen 1979). The DMF
conducts routine fisheries surveys in the area. They began in 1972 with anadromous fisheries
investigations in Albemarle and Croatan Sounds and their tributaries. In 1974, and continuing until
the fall of 1975, DMF conducted monthly trawl sampling in northern Pamlico Sound nursery areas.
Effort was reduced between late 1975 and 1978, when the Division began a statewide juvenile stock
assessment (Epperly 1984). As part of this program, DMF sampled 51 stations in designated primary
nursery areas on a monthly basis from March through November in 1981 and 1982, with much
reduced efforts during the winter (when few fish were in the area). In addition to the trawl samples of
juvenile fish, surface and bottom salinities and water temperatures were measured (Ross and Epperly

Critical Areas - 47



1985). Supplementing this broad-based survey were more intensive studies of Rose and Swanquarter
Bays from 1977 to 1980, directed toward determining the effects of freshwater drainage upon the
nursery areas (Pate and Jones 1981; Jones and Sholar 1981). North Carolina State University sampled
in the same area between 1979 and 1983 (Gerry 1981; Woodward 1981; Currin 1984; Epperly 1984).

Although questions have been raised from time to time concerning the adequacy of gear and
sampling design used in the DMF surveys, (Epperly 1984; Phalen et al. 1989), the data base provided
is generally adequate for defining the location and areal extent of primary and secondary nursery areas
and changes in fish populations. The DMF plans to continue sampling nursery areas as part of their
juvenile stock assessment program (Spence et al. 1988). Data from the surveys may be used to predict
subsequent commercial landings of brown shrimp and Atlantic croaker (DeVries 1985), and to
document year-to-year fluctuations in species abundance.

D.4.c. Trends. General statements regarding the sensitivity of primary nursery areas to
environmental alterations and impending threats to such areas exist (Purvis 1976; Epperly 1984),
however, no definitive analysis of environmental or fish population trends in nursery areas was found.

D.4.d. Management/Regulatory Status and Trends. Designated primary nursery areas are
protected against damaging fishing practices through regulations of the MFC enforced by the DMF.
Trawling, oyster and clam dredging, and clam "kicking" (using propeller wash to excavate clams) are
prohibited in primary nursery areas. Impacts from land use activities are less well controllied and may
make a greater impact upon the long-term health of nursery areas.

Point discharges of waste materials are regulated through National Pollutant Discharge Elimination
System permits issued by the NC Division of Environmental Management. Deposition of dredged and
fill material in the waters and adjacent wetlands is governed by Clean Water Act Section 404 permits
issued by the US Army Corps of Engineers. Development in estuarine waters, coastal wetlands, and
estuarine shoreline Areas of Environmental Concern (AECs) is regulated by permits from the NC
Division of Coastal Management.

Probably the greatest weakness in existing programs lies in controlling non-point sources of water
pollution and in regulating development landward of existing AECs within the zone directly affecting
primary nursery areas. The former is addressed in Sections 208 and 319 of the Federal Water
Pollution Control Act and its amendments; the latter is under consideration by the NC Environmental
Management Commission and Coastal Resources Commission. At the present time, however, no
definitive action has been taken in either area.

D. 5. Anadromous Species Spawning Habitats

D.S.a. Description. Anadromous fish species spend their adult lives in the ocean but return to
freshwater or brackish water habitats to reproduce. North Carolina has three families of anadromous
fish represented by seven species: striped bass (Morone saxatilis), American shad (Alosa sapidissima),
hickory shad (Alosa mediocris), blueback herring (Alosa aestivalis), alewife (Alosa pseudoharengus),
Atlantic sturgeon (Acipenser oxyrhynchus), and shortnose sturgeon (Acipenser brevirgstrum). The
status of these populations was determined by a 1980 survey (Rulifson et al. 1982), results of which
were summarized for the Albemarle-Pamlico Estuarine Study area in Table 1I-3. The shortnose
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sturgeon remains on the US Fish and Wildlife Service Endangered Specws List and is believed to be
extirpated in the Albemarle-Pamlico Estuarine area.

Spawning habitats of anadromous species are located upstream of tidal influence and saltwater
intrusion in several primary rivers and many tributaries throughout the Albemarle-Pamlico Estuarine
Study area. Exact locations are species specific and dictated by abiotic factors including water
velocity, water depth, and substrate type. Spawning generally occurs over a rather broad reach within
a particular river due to the fact that water velocity and depth can fluctuate daily. Biotic factors
associated with spawning grounds vary depending on the species in question; habitats range from
swiftly flowing mainstream waters low in aquatic fauna to floodplain habitats and slow-currented
oxbows containing abundant submerged and emergent flora (Tables 114, 1I-5, II-6, II-7, II-8, and II-9).

These riverine areas provide the combination of physical and chemical aspects required by
anadromous species for completion of their life cycles. The eggs of all species require flowing waters
to prevent suffocation and provide specific ranges of temperature, pH, turbidity, and water hardness to
ensure optimal hatching success and minimal larval deformation. Several species (e.g., striped bass
and shad) have eggs that must be in constant motion for proper embryo development; thus, the eggs
are transported downstream as they develop. Larvae of these species tend to be active predatory
foragers and are found in the more open-water habitats. The eggs of other species (e.g., alewife)
develop best in slowly-flowing waters and tend to produce larvae that commonly inhabit heavily
vegetated or floodplain habitats.

The distribution of anadromous spawning habitat is species specific and varies temporally and
spatially. The primary rivers utilized by striped bass and American shad include the Roanoke River of
Albemarle Sound and the Neuse and Tar rivers of Pamlico Sound. Hickory shad spawn in these rivers
as well as in the Chowan River of Albemarle Sound. River herring (blueback herring and alewife)
spawn in many of the smaller tributaries bordering Albemarle Sound. Spawning of sturgeon species
within the Albemarle-Pamlico Estuarine Study area is not documented. Specific spawning locations
within these river systems are presented in Tables 11-4 to I1I-9. Spawning is limited to those areas
possessing at least minimal water quality parameters and sufficient water flow for survival of eggs and
larvae. All species spawn during the spring. The primary trigger for spawning activity is water
temperature. During the spawning migration anadromous fish actively avoid waters of low dissolved
oxygen concentrations and extremely high turbidity (Manooch and Manooch 1986). If present, these
adverse conditions may shift spawning habitats for days or for the entire season. Dams, dikes,

roadways requiring culverts, and other barriers also restrict access to traditional spawning grounds
(Collier 1989).

D.S.b. Status of Information. Field work in the 1970s and 1980s delineated the spawning
grounds for most anadromous fish species within the A/P Study area. The bulk of this information is
available from state fishery agency reports, although locating some of it is difficult. Information from
most of these reports is presented in Tables I1-4 through II-9. Of the seven anadromous species
documented in these waters, spawning areas of three are not well known: hickory shad, Atlantic
sturgeon, and shortnose sturgeon (if still present at all). An important document by Ries Collier of the
US Fish and Wildlife Service in Raleigh (Collier 1989), has identified man-made and natural
limitations to historical spawning grounds. Still lacking, however, is a good understanding of how
these species are affected by present-day resource management; primarily hydropower generation.
floodplain lumbering and agriculture, and water withdrawal and waste discharge by municipalities and
industry. Some of this work is currently underway for the lower Roanoke watershed by the Roanoke
River Waterflow Committee and the Striped Bass Management Board (Manooch and Rulifson 1989,
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Rulifson and Manooch 1990a, 1990b; and Zincone and Rulifson 1991). In summary, the information
available provides a good base for establishing management options, but detailed information on
downstream users and uses and how they affect the young after spawning is still lacking.
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Table II-3. Results of a 1980 Survey Indicating Status of Anadromous Fish Populations within the

A/P Study Area (Rulifson et al. 1982)

Anadromous species
LY

Watershed SB AS HS BH AW AS SS
Currituck Sound - - - D D - E
Albemarle Sound D D D D D D E/T
North R. - - - D D - E
Pasquotank R. - - - D D - E
Little R. - - - "D D - E
Perquimans R. - - - D D - E
Yeopim R. - - - D D - E
Chowan R. D D D D D D E/T
Meherrin R. S/D D S/D D D - E
Roanoke R. D D D D D D E/T
Cashie R. - D S/D D D - E
Scuppernong R. . - - D D - E
Alligator R. - - - D D - E
Pamlico Sound
Pungo R. - - - N N - E
Pamlico R. 1 . i N N  SD E
Tar R. I D D D D D E/T
Neuse R. S/D D D D D D E/T
Trent R. - D S/D S/D S/D - E

Species key: SB = striped bass; AS = American shad; HS = hickory shad; BH = blueback herring;
AW = alewife; AS = Atlantic sturgeon: SS = shortnose sturgeon. Status key: I = increasing: S =
stable: D = declining: T = threatened; E = extirpated; dash (-) = no response; N = not known.
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D.5.c. Trends. In general, populations of all anadromous species continue to decline throughout
the A/P Study area (Table II-3). Overharvest is one cause for decline of these populations, but
degradation of available spawning habitat has contributed as well. The historical spawning grounds in
a number of river systems have been blocked by construction of dams and reservoirs, and access to
other areas has been limited by road construction using culverts rather than bridges to span smaller
streams. In some cases, the manner in which river systems are managed for flood control, hydropower
generation, and recreation has changed since the 1950s (Manooch and Rulifson 1989, Rulifson and
Manooch 1990b). ’

Historically, stock restoration efforts have concentrated on rearing eggs and larvae of the species,
then returning the progeny to streams or to the sounds. Recently, attention has been given to dwindling
available spawning habitats, causes for their degradation, and possible alternatives for reversing the
process. Only two species in North Carolina have undergone extensive stock restoration efforts by
culturing: striped bass and American shad.

Even in the late 1800s, concern for preservation of striped bass stocks in the Albemarle Sound
area was expressed in federal documents (Smith 1907). In 1873, under the direction of US Fish
Commissioner Baird, 100,000 striped bass were hatched at Weldon and planted in local waters. From
1879 to 1884, the State Superintendent of Fisheries, Mr. S.G. Worth, performed experimental work on
hatching and rearing Roanoke striped bass near Weldon. In 1884, financial aid by the US Fish
Commissioner ensured collection of large numbers of eggs and the continued operation of temporary
hatching stations on the Roanoke River near Weldon (Smith 1907). Even at the present time, annual
stocking programs to restore Roanoke/Albemarle striped bass are continued by both the US Fish and
Wildlife Service and the North Carolina Wildlife Resources Commission. Other striped bass
populations within the A/P Study area are stocked on an irregular basis; however, all populations
continue to decline (Table II-3).

During the late 1800s, the North Carolina shad fishery reached its peak in importance, and at one
time exceeded the production of any other state (Smith 1907). . In 1896, the Neuse River was regarded
as the most important shad-producing stream between the James River, Virginia, and the St. Johns
River, Florida. After 1900, decline in numbers was attributed to overharvest and the welfare of these
populations was in serious jeopardy. In 1904, the North Carolina Legislature designed a law to protect
shad from overharvest.

Realizing the importance of shad as a natural resource, North Carolina became one of the first
states to attempt artificial propagation. In 1873, under the direction of US Fish Commissioner Baird,
about 45,000 shad were hatched at New Bern and planted in local waters. In 1875, shad-hatching
efforts at New Bern were unsuccesstul. In 1877, North Carolina began shad-hatching efforts in its
own behalf with an operation on the Neuse River, which was not successful. Joint efforts for shad
restoration were undertaken by the US Fish Commission and the states of Virginia, North Carolina,
and Maryland in 1878. The operation was located on Salmon Creek at the head of Albemarle Sound.
By 1880. shad-hatching efforts proved successful and the state maintained a shad hatchery at Avoca
until 1884. In 1885, North Carolina discontinued all shad culture work; however, the federal
government continued its efforts until the turn of the century (Smith 1907).

D.5.d. Management/Regulatory Status and Trends. Commercial harvest of anadromous
species in North Carolina is regulated at both the state and federal levels. Regional fisheries councils,
such as the Atlantic States Marine Fisheries Commission (ASMFC), have implemented coast-wide
fishery management plans for ocean harvest of anadromous alosids (shad and river herring) and striped
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bass. The shortnose sturgeon is protected by federal law as an endangered species. A management
plan for Atlantic sturgeon harvest is currently in preparation by ASMFC. At the state level, the DMF
is responsible for commercial and recreational harvest regulations within 3 miles of the coast, and
within the sounds and estuaries. The North Carolina Wildlife Resources Commission regulates harvest
of these species in inland waters. No commercial fishing for anadromous species is allowed in inland
waters; however, spawning areas are not protected from recreational fishing pressure. North Carolina
is the only Atlantic coast state that allows recreational harvest of striped bass from within the
spawning grounds. A summary of striped bass harvest regulations was presented by Rulifson and
Manooch (1990a). At the present time, there are no regulations in place that regulate harvest of
anadromous species in all phases of their complex life histories, although a cooperative agreement was
negotiated in 1990 between the US Fish and Wildlife Service and the two state agencies that manage
striped bass in North Carolina was negotiated in 1990 (W.C. Cole, US Fish and Wildlife Service,
personal communication).
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Table II-4. Spawning Criteria of Striped Bass within the A/P Study Area

Location:

ROANOKE RIVER - River Mile (RM) 78-137, centered at Weldon (RM 130) at Fall Line
(Hassler et al. 1981).

TAR RIVER - 55.6 to 148.2 km upstream from river mouth; 75% within a 37-km area
(Humphries 1966); RM 50 to RM 85 (Humphries 1966; Kornegay and Humphries 1975);
Falkland bridge upstream for 80 km (Miller 1975). Falkland to above Tarboro, with most
between Falkland and Tarboro in 1988 (dry spring) (K. Nelson, pers. comm.).

NEUSE RIVER - Middle Neuse from NC HWY 55 bridge near Kinston (RM 80) to the SR 1224
bridge above Goldsboro (RM 145). Major area: NC HWY 55 bridge to SR 1915 bridge near
Goldsboro (Hawkins 1979). Spawning in 1989 from Seven Springs (RM 105) to above
Goldsboro (RM 145+) with most above Goldsboro; 1989 was a wet spring (K. Nelson, pers.
comm.).

Season:

ROANOKE RIVER - April 15 to June 5; peak May 10-20 (Hassler et al. 1981).

TAR RIVER - April 15 - May 15 (Humphries 1965); mid-April to mid-May; peak late April to
early May (Miller 1975). In 1973, April 21- May 14; in 1974, April 28-May 17 (Kornegay
and Humphries 1975). :

NEUSE RIVER - Late March to late May (Hawkins 1979); April through mid-May (Baker
1968).

Temperature:
ROANOKE RIVER - 13°C to 21.7°C; peak 16.7°C-19.4°C; 90% of spawning between 15.4°C
and 20.3°C (Shannon and Smith 1968; Shannon 1970; Street 1975; Hassler et al. 1981).
TAR RIVER - 15.0°C-22.2°C, peak 18.0°C-21.0°C (Humphries 1965); 19°C-21°C, peak at
19°C-19.5°C (Miller 1975).
NEUSE RIVER - 13.5°C-24°C; peak 20°C-21.5°C (Hawkins 1979).

Habitat:
ROANOKE RIVER - main open water area of river up to the Roanoke Rapids dam in wet years,
water highly sedimented and turbulent (Rulifson).
TAR RIVER - main river channel, primarily sand substrates (K. Nelson, pers. com.)
NEUSE RIVER - main river channel, primarily sand substrates (K. Nelson, pers. com.).

Nursery Area:
Postlarvae and Juveniles:
ROANOKE RIVER - Roanoke delta, primarily Cashie River, and western Albemarle Sound in
salinities zero to 7 ppt (Hassler et al. 1981; Rulifson et al. 1988).
TAR-PAMLICO RIVER - Hardee Creek above Washington in Tar River stretching to Pungo
Creek in the Pungo River at salinities zero to 4.5 ppt. Major areas: Broad Creeck and South
Creek (Hawkins 1979).
NEUSE RIVER - Downstream from New Bern (Hawkins 1979).
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Table 11-4 (striped bass continued)

Fertilization:
Striped bass eggs are released in open waters of rivers where they are fertilized. Require current
for suspension in water column.

Haiching:
Incubation period ranges from 29 hours at 23.9°C to 80 hours at 12.2°C (Hardy 1978). Percent
hatching success is correlated with substrate composition: coarse sand, 35.7%; clastic, 36.4%; silt,
13.1%, silty- clay, 3.2%, and muck detritus, 0.0% (Bayless 1968).

Feeding:
Active feeding initiated 4 to 10 days post-hatch; non-feeding larvae may exhibit reduced function
of certain organs and tissues as early as 4.5 days post-hatch (Rulifson et al. 1986). Prey for

Roanoke River larvae are small zooplankton crustaceans, primarily copepodid copepods and
*Bosmina.

Water Quality:
Salinity tolerance of eggs ranges from zero to 10 ppt (Setzler et al. 1980). Eggs will hatch in
waters of pH values above 5.5 and below 10.0 but fry survival is best within 6.5-9.5 (Shannon
1967). Sudden shifts in pH is lethal (Mehrle et al. 1986). Eggs and larvae are particularly
sensitive to residual chlorine even at levels as low as 0.04 to 0.5 ppm (Morgan and Prince 1977,
Middaugh et al. 1977). Striped bass larvae are classified as "sensitive” to suspended sediments

(Morgan et al. 1973) and exhibit reduced survival at concentrations of 500 - 1,000 mg/1 (Auld and
Schubel 1978).

Swimming Ability:
Yolksac larvae attempt to swim toward the surface but sink between efforts. Newly-hatched

larvae require sufficient turbulence to keep them from settling to the bottom and smothering
(Setzler et al. 1980).

Chemical Tolerances:

Extensive information on chemical tolerances can be found in Rehwoldt et al. (1971) and Setzler
et al. (1980).
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Table II-5. Spawning Criteria of American Shad within the A/P Study Area

Location:
CHOWAN RIVER -
Blackwater River; US HWY 258 bridge and below(Winslow et al. 1985).
Nottoway River: Virginia State HWY 645 bridge and below (Winslow et al. 1985).
Meherrin River: Eggs and larvae were collected at the SR 1339 bridge and below (Winslow
et al. 1983).

. ROANOKE RIVER - Conine Creek near US HWY 17 bridge (RM 37.5) at Williamston
upstream to US HWY 258 bridge (RM 102). Concentrated at Conoho Creek downstream
from NC HWY 125 at Williamston (Johnson et al. 1978). May often concentrate below the
Roanoke Rapids Dam (RM 137) in April and May (Mullis, pers. comm.).

TAR RIVER - from Bear Creek above Washington to Rocky Mount and tributaries (Marshall
1976).
PAMLICO RIVER - tributaries including Durham Creek, Chocowinity Creek, Herring Run,
Broad Creek, and Nevil Creek (Marshall 1976).
NEUSE RIVER -
Neuse: Usually upstream from Trenton; from US HWY 70 Business (RM 85) in Kinston to
SR 1224 bridge upstream from Goldsboro (RM 145), upstream from Quaker Neck
Dam (Marshall 1977, Hawkins 1979).
Contentnea Creek: SR 1225 bridge to creek mouth (Hawkins 1979).
Little River: NC HWY 581 bridge to river mouth (Hawkins 1979).
Trent River: from mouth to a point near Pleasant Hill (Baker 1968).

Season:
CHOWAN RIVER -
Nottoway River: May (Winslow et al. 1985).
Blackwater River; May (Winslow et al. 1985).
ROANOKE RIVER - April (Johnson et al. 1978).
TAR RIVER - March 31 - May 14 (Marshall 1976).
NEUSE RIVER - Late April to early May (Hawkins 1979).

Temperature:

CHOWAN RIVER - Between 18°C and 22.5°C in the Blackwater and Nottoway Rivers
(Winslow et al. 1985).

ROANOKE RIVER - no information.

TAR RIVER - no information.

NEUSE RIVER -
Neuse: 15°C to 24°C (Hawkins 1979).
Trent: 16°C (Marshall 1977).

Habitat:
ROANOKE RIVER - no information.
TAR RIVER - primarily main channel of river and larger tributaries (K. Nelson, pers. comm.).
NEUSE RIVER - limited primarily to main section (Hawkins 1979).
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Table I1-5 (American shad continued)

Nursery Area:
Postlarvae and Juveniles:
ROANOKE RIVER - no information. ,
TAR-PAMLICO RIVER - 91% of young of year caught from Hardee Creek to the Cannon
Swamp area in July (Hawkins 1979).
NEUSE RIVER -
Neuse: SR 1224 bridge upstream from Goldsboro (RM 145) to Duck
Creek downstream from New Bern (RM 35). Highest concentrations near the SR 1224
bridge above Quaker Neck Dam and also SR 1152 bridge upstream from Kinston near
Taylor Creek (Hawkins 1979). Remain in fresh/brackish waters until
October-November.
Trent: Pollocksville downstream to the mouth of Island Creek (Marshall 1977).

Fertilization:
American shad eggs are released in open waters of rivers and fertilized (Cheek 1968). Eggs are
non-adhesive and slightly heavier than water; require currents for successful development and
transport downstream (Sholar 1977a; Ulrich et al. 1979).

Hatching:
Incubation period depends on water temperature and is limited to a range of 12°C to 19°C (Leach
1925a). Temperatures of 7°C to 9°C are usually lethal (Leim 1924). Maximum hatch and
survival is between 15.5°C and 26.6°C (Leggett and Whitney 1972), but temperatures of 20.0°C
to 23.4°C result in extensive larval abnormalities (Leim 1924). No viable eggs develop above
29°C (Bradford et al. 1968).

Feeding:
Larval shad consume aquatic crustaceans and tendipedid larvae and pupae (Levesque and Reed
1972).

Water Quality:
Shad eggs in the Neuse River were found in waters of pH ranging from 6.4 to 6.9 and oxygen
content of 6 to 10 ppm (Hawkins 1979). Egg hatching success not affected by suspended
sediments less than 100 mg/l, but larvae exposed to levels above 100 mg/l for 96 hours showed
reduced survival (Auld and Schubel 1978).

Swimming Ability:
No information available.

Chemical Tolerances:
Shad eggs are not significantly affected by lead levels below 15 mg/l (Whitworth 1969).
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Table 1I-6. Spawning Criteria of Atlantic Sturgeon within the A/P Study Area

Location:
ROANOKE WATERSHED - no spawning documented
TAR WATERSHED - no spawning documented; adult fish are occasionally caught by fishermen,
2 at Falkland in 1988 (K. Nelson, pers. comm.)
NEUSE WATERSHED - no spawning documented

Season:
Spring (if applicable)

Temperature:
unknown

Habitat:
General - open waters of rivers in brackish or fresh waters over hard bottoms of clay, gravel, or
shell in shallow water up to 5 fathoms deep (Viadykov and Greeley 1963; Leland 1968)

Nursery Areas:
Postlarvae and Juveniles:
None documented

~ Fertilization:
Atlantic sturgeon eggs are adhesive and demersal; require attachment sites in flowing water.

Hatching:
Incubation period ranges from 94 hours at 20°C to 168 hours at 17.8°C (Murawski and Pacheco
1977).

Water Quality: :
No specific information available.

Swimming Ability:
Sac fry less than 10 days posthatch are active swimmers; after day 10 they assume a more benthic
existence (Smith et al. 19380).
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Table II-7. Spawning Criteria of Hickory Shad within the A/P Study Area
Location: ]

ROANOKE RIVER - mouth upstream to RM 105 above US HWY 258 bridge at Scotland Neck
(Marshall 1977). During low water years, adult hickory shad are commonly caught below
the rapids at Weldon by sport fishermen in late April and early May (Mullis, pers. comm.).

CHOWAN RIVER - Upper Chowan into the Nottoway and Meherrin Rivers above the Virginia
border (Marshall 1977)

TAR RIVER - Between Greenville (RM 60) and Rocky Mount (RM 121) (Marshall 1977)

NEUSE RIVER - RM 80 to RM 97 and entire tributaries: Turkey Quarter Creek; Pitchkettle
Creek; Taylor Creek; Halfmoon Creek; Contentnea Creek; Grindle Creek (Hawkins 1979)

Season:
ROANOKE RIVER - not documented
CHOWAN RIVER - not documented
TAR RIVER - late March to early April (Marshall 1976).
NEUSE RIVER - late March to early May (Pate 1972; Hawkins 1979).

Temperature:
ALBEMARLE AREA - 13°C to 21°C (Street et al. 1975)
TAR RIVER - 14°C to 19°C (Marshall 1976)
NEUSE RIVER - lowest at 9.5°C (Pate 1972); range between 13°C and 18.5°C (Hawkins 1979)

Habitat:

Not documented. Generally, river swamp areas, lakes and large tributaries may be used (Godwin
and Adams 1969; Street 1970).

Nursery Area:
Postlarvae and Juveniles:
ALBEMARLE AREA - not documented
TAR RIVER - Juveniles spend short time in upstream areas before migrating downstream to high
salinity tributaries of the Pamlico River (Pate 1975). Specific locations not documented.
NEUSE RIVER - Juveniles spend short time in upstream areas before migrating to high salinity
tributaries of Neuse River during summer months (Pate 1972; Spitsbergen and Wolff 1973;
Marshall 1977; Hawkins 1979).

Fertilization:
Hickory shad eggs are released in open water areas of rivers where they are fertilized; typically

demersal and somewhat adhesive, but easily dislodged and transported by currents (Mansueti and
Hardy 1967).

Hatching:
Incubation time ranges from 48 to 70 hours at 16°C to 31° C (Mansueti and Hardy 1967).

Feeding:
Not documented

Table 1I-7 (Hickory Shad continued)
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Water Quality:
In the Neuse River, hickory shad eggs were collected in waters of pH 6.4 to 6.5 and dissolved
oxygen between 5 and 10 mg/l (Hawkins 1979). Hardiness to other water quality factors has not
been documented.

Swimming Ability:
Not documented

Chemical Tolerances:
Egg and larval tolerances not documented
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Table II-8. Spawning Criteria of Blueback Herring within the A/P Study Area

Location:
Albemarle Area -
CHOWAN RIVER - Rocky Hock Creek; Salmon Creek; Warwick Creek; Dillard Creek;
Bennetts Creek; Sarem Creek; Barnes Creek; Wiccacon River (Winslow et al. 1985)
ALLIGATOR RIVER - Northwest fork; Frying Pan; Cherry Ridge Landing; Gum Neck Landing
(pumping station); East Lake (lower); South Lake (upper); Second Creek (Loesch et al. 1977)
ROANOKE RIVER - Gardners Creek (SR 1511); Conoho Creek mouth (RM 37.5); Conine
Creek mouth (RM 102); Cow Creek (Johnson et al. 1978)
CASHIE RIVER - SR 1225; SR 1514 (Johnson et al. 1978)
SCUPPERNONG RIVER - no specific location (Winslow et al. 1985)
Pamlico Area -
TAR RIVER - from Bear Creek above Washington to Town Creek above Old Sparta and
tributaries (Marshall 1976)
Neuse Area -
NEUSE RIVER - SR 1008 bridge downstream to New Bern
SWIFT CREEK - SR 1440 bridge to mouth
LITTLE SWIFT CREEK - SR 1627 bridge to mouth
BACHELOR CREEK - US HWY 70 bridge to mouth
CONTENTEA CREEK - NC HWY 13 bridge (Snow Hill) to mouth
LITTLE RIVER - NC HWY 581 bridge to mouth
TRENT RIVER - Pleasant Hill to SR 1121 (Marshall 1977)
Entire creeks: Pinetree Creek, Turkey Quarter Creek, Pitchkettle Creek, Taylor Creek, Halfmoon
Creek, Kitten Creck, Village Creek (Hawkins 1979)

Season: 4
Albemarle area - mid-March to late May (Winslow et al. 1985)
TAR RIVER - March 25 - May 7 (Marshall 1976)
PAMLICO RIVER tributaries - April 7 - May 3 (Marshall 1976)
NEUSE RIVER - late March to late May (Hawkins 1979)

Temperature:
Albemarle Area - 13°C to 22°C for "river herring" (Winslow et al. 1985)
TAR RIVER - 12°C to 19°C (Marshall 1976)
PAMLICO RIVER tributaries - 13°C to 25°C (Marshall 1976)
NEUSE RIVER - 13°C to 26°C (Hawkins 1979)

Habitats:

No specific information available. In general, prefer spawning sites with fast current and
associated hard substrates (Loesch and Lund 1977). Brackish water or standing water rarely used.

Nursery Areas:
Postlarvae and Juveniles:
ALBEMARLE SOUND - Pasquotank River, Little River, Perquimans River, Chowan River,
lower Roanoke River, Scuppernong River, Alligator River, and periphery of Albemarle
Sound (Loesch et al. 1977; Winslow et al. 1985)
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Tahle IR (Bluehack Hpn‘ing continued)

Nursery Areas:
Postlarvae and Juveniles (continued):

CROATAN SOUND - used as secondary nursery area from October through March (Street et al.
1975)

TAR-PAMLICO - Hardee Creek area to Washington, and Goose, Broad, and Blounts Creeks
(Hawkins 1979)

PAMLICO SOUND - western and northern ends as secondary nursery areas from October
through March (Spitsbergen and Wolff 1974; Marshall 1976)

NEUSE RIVER - mouth of Cove Creek downstream to mouth of Bachelor Creek (21 km)
(Marshall 1977)

TRENT RIVER - Pollocksville downstream to mouth of Island Creek (Marshall 1977)

Fertilization:
Blueback herring eggs are essentially pelagic, but are demersal in still water and are somewhat
adhesive (Lippson and Moran 1974; Loesch and Lund 1977). Eggs are released in grasses or
vegetation and are fertilized (Frankensteen 1976).

Hatching:
Incubation period is dependent on water temperature; hatching time ranges from 80 to 94 hours at
20°C to 21°C, and 36 to 38 hours at 22°C (Morgan and Prince 1976; Street and Adams 1969).

Feeding:
Larvae begin feeding on zooplankton immediately after mouth becomes functional, primarily
small cladocerans and copepods (Norden 1968; Nigro and Ney 1982).

Water Quality:
Blueback herring eggs and larvae exhibit high mortality when exposed to pH waters below 6 and
0.20 mg/1 total aluminum (Klauda and Palmer 1987). Suspended sediments 100 ppm or less did
not significantly affect the hatchability of blueback herring eggs (Auld and Schubel 1978).

Swimming Ability:
Prolarvae are positively phototropic (Mansueti 1956) and swim in spasms to the surface, sink to
the bottom to rest for several seconds, then repeat the process (Cianci 1969).

Chemical Tolerances:
Monomeric aluminum concentrations of 0.1 mg/l during episodic pH events is highly toxic to
eggs and larvae (Klauda and Palmer 1987). The LC40 of total residual chlorine for eggs ranges
from 0.20-0.32 ppm; sublethal concentrations resulted in deformed larvae (Morgan and Prince
1977). (Note: LC = lethal concentration, the concentration at which 50% of the test organisms
die).
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Table I1-9, Spawning Criteria of Alewife within the A/P Study Area

Location:

CHOWAN RIVER - Dillard Creek at SSR 1226 bridge and below (Winslow et al. 1985).

ALLIGATOR RIVER - Gum Neck Landing; Alligator River, Southwest and Northwest forks;
Alligator Creek; East Lake (lower), Second Creek; Frying Pan; South Lake (middle and
upper); Kilkenny Landing; Swan Lake; Cherry Ridge Landing (Loesch et al. 1977)

CASHIE RIVER - Hoggard Mill Creek (SR 1301); Wading Place Creek (SR 1514) (Johnson et
al. 1978) '

NEUSE RIVER - Not known; probably use the river as far upstream as Contentnea Creek
(Hawkins 1979)

Season:
CHOWAN RIVER - mid-March through late May (Winslow et al. 1985)
ALLIGATOR RIVER - no information available
CASHIE RIVER - no information available
NEUSE RIVER - mid-March to mid-April (Marshall 1977)

Temperature:
CHOWAN RIVER - 13°C to 22°C (Winslow et al. 1985)
ALLIGATOR RIVER - no information available
CASHIE RIVER - no information available
NEUSE RIVER - 15°C to 20.5°C (Marshall 1977)

Habitat:
General - eggs and milt are released over detritus~-covered bottom of attached vegetation, sticks, or
other organic matter and occasionally over a hard sand bottom (Cooper 1961) in ponds and
sluggish stretches of rivers and streams (Bigelow and Schroeder 1953, Kissil 1974).

Nursery Area:
Postlarvae and Juveniles:

General - Alewife larvae generally remain in the vicinity of the spawning grounds (Hildebrand
1963). Juveniles remain in tidal creek nursery areas and move seaward in late summer and
fall (Bigelow and Schroeder 1953).

ALBEMARLE AREA - Pasquotank River; Little River; Perquimans River; Chowan River; lower
Roanoke River; Scuppernong River; Alligator River, and periphery of Albemarle Sound
(Winslow et al. 1985)

CURRITUCK SOUND - all (Winslow et al. 1985)

Fertilization:
Alewife eggs are broadcast at random, are demersal and adhesive initially; within several hours
the adhesive property is lost and eggs enter the water column (Mansueti 1956; Cooper 1961).
Hatching: .
Incubation period for alewife eggs ranges from 2.1 days at 28.9°C to 15 days at 7.2°C (Edsall
1970)

Feeding:
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Larvae begin feeding on zooplankton immediately after mouth becomes functional, primarily on
small cladocerans and copepods (Norden 1968; Nigro and Ney 1982).

Table I1-9Q (Alewife cantioned)

Water Quality:
Hatching success of alewife eggs is not affected by suspended sediments in concentrations of 100
mg/1 or less (Auld and Schubel 1978).

Swimming Ability:
Prolarvae are positively phototrophic (Mansueti 1956) and swim in spasms toward the surface
(Cianci 1969).

Chemical Tolerances:
No information available
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'E. BARRIER ISLANDS: BEACHES, DUNES, FLATS, THICKETS, WOODLANDS, MARSHES,
IMPOUNDMENTS, INLETS, DREDGED ISLANDS, AND AQUIFERS

E. 1. Description

The North Carolina Outer Banks extend from the Virginia-North Carolina border to the southern
end of Cape Lookout National Seashore -- a distance of almost 200 miles. The communities of
Corolla, Duck, Southern Shores, Kitty Hawk, Kill Devil Hills, Nag’s Head, Whalebone, and South
Nag’s Head are located on Currituck Banks; Rodanthe, Waves, Salvo, Avon, Buxton, Frisco, and
Hatteras on Hatteras Island; and Ocracoke and Portsmouth on islands of the same names.

The Outer Banks are a chain of long, narrow, sandy barrier islands, from one-quarter mile to 3
miles wide (mostly less than 1 mile wide), forming the seaward boundary of Currituck, Albemarle,
Roanoke, Pamlico, and Core Sounds. Oregon, Hatteras, Ocracoke, Swash, Drum, and Bardens inlets
separate the islands. Between the Quter Banks and the mainland, waters of the Roanoke, Chowan,
Tar-Pamlico, Neuse, and other rivers mix with the salt waters of the ocean to form the brackish waters
of our estuarine sounds (Dunbar and Kniffen 1956; Stick 1958).

The Outer Banks are exposed to the effects of salt-spray laden wind (Boyce 1954). Prevailing
summer winds are from the southwest, and the pruning effects of the salt spray produce the
"wind-form" of the woody vegetation. Northeastern storms in winter make a lesser wind form.
Winter "northeasters” are often severe and prolonged (the Ash Wednesday storm of 1962 opened up a
wide inlet at Buxton and caused major beach erosion). Hurricanes sweep the Outer Banks at irregular
intervals, overwashing the islands as floodwaters surging out of the sounds break through the barrier
islands (Engels 1942).

Moving water also affects the Banks. The average rate of beach erosion varies from 2 to 6 ft per
year (Benton 1981). These forces are more evident near the inlets, which can migrate at rates of up to
25 feet per year (Benton 1981). Thus the physical forces of nature--wind and wave, storm and
erosion, tides and salt spray--are a profound, continuous, and varying component of the Outer Banks
(Brower and Frankenberg 1976; Dolan et al. 1973; Godfrey and Godfrey 1975, 1976).

The vegetation and natural communities of the Outer Banks extend from beach to sound in
narrow, sometimes inter-weaving, more or less parallel strips, with each community or habitat type
composed of a few dominant and distinctive plant species (Oosting 1954; Brown 1959; Quay 1959;
Miine and Quay 1966).

The herbaceous beaches, dunes, and flats, exposed to the greatest salt spray, are characterized by
northern beach grass (Ammophila breviligulata), sea oats (Uniola paniculata), saltmeadow cordgrass
(Spartina patens), sand rush (Fimbristylis castanea), broom-sedge (Andropogon scoparius var.
linoralis), seaside goldenrod (Solidago sempervirens), wild bean (Strophostyles helvola), and other
salt-tolerant species (Schafale and Weakley 1985).

Landward (soundward) herb-shrub habitats become increasingly dominated by wax myrtle
(Myrica cerifera), yaupon (llex vomitoria), marsh elder (Iva frutescens), and young and/or stunted live
oak (Quercus virginiana). Farther into the dune and flats system, herb-shrub communities are replaced
by taller and denser shrub thickets, which in turn may grade into thicket woodlands. Progressing
soundward, the thicket woodlands increasingly become dominated by red cedar (Juniperis virginiana),
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red bay (Persea borbonia), Hercules club (Zanthoxylum clava-herculis), live oak, and loblolly pine
(Pinus taeda), with much greenbriar (Smilax) and grape (Vitus).

The oldest, tallest, and most stable vegetation on the Outer Banks is maritime forest, with live
oak, laurel oak (Quercus laurifolia), red cedar, American holly (Tlex opaca), and ironwood (Carpinus
caroliniana) forming the canopy and a distinctive understory of red cedar, wild olive (Osmanthus
americanus), red bay, flowering dogwood (Cornus florida), willow (Salix_nigra), wax myrtle, yaupon,

groundsel-tree (Baccharis halimifolia), French Mullberry (Callicarpa americana), grape, greenbriar, and
other vines, small trees, and shrubs (Lopazanski et al. 1988).

Sloping toward the sounds are first the irregularly flooded high marsh and then the low inter-tidal
marsh, each with its characteristic biota. (These habitats are discussed in Section C of this chapter.)
Fresh marsh vegetation exists along roadsides, in the two fresh-water impoundments of Pea Island
National Wildlife Refuge; in ponds and swales in Buxton Woods, Nag’s Head Woods, Kitty Hawk
Woods; and scattered along the sound side on Currituck Banks, in roadside borrow pits on Bodie
Island, and in the Bodie Island Lighthouse Pond (Parnell and Quay 1962).

An adequate source of fresh water has always been a problem on the Outer Banks. Original
settlers made do with shallow wells and cisterns. Increasing populations have rendered these systems
inadequate. Visitation to the Cape Hatteras National Seashore in 1957, before the Oregon Inlet
Bridge, was about one-third of a million per year; in 193 it was 1,707,000 (Quay 1980). In 1988, the
annual visitation was 2.1 million for Cape Hatteras National Seashore alone, and nearly 3 million for
Cape Hatteras National Seashore, Wright Memorial, and Fort Raleigh (Roanoke Island) combined (R.
Wood, Cape Hatteras National Seashore, pers. comm. 1989).

Since 1969, the freshwater supply for the Hatteras Island region from Avon to Hatteras Village
has been secured from a number of wells 40-feet deep located within Buxton Woods; this well field is
now due to be expanded but will remain within the single freshwater aquifer of the Buxton Maritime
Forest. The present set of 20-year-old wells at Buxton is now pumping at nearly full capacity. At
Ocracoke, the freshwater supply is primarily from a reverse osmosis desalinization plant built in 1977,
with wells at 600 feet deep. The freshwater supply from shallow wells for the three upper villages of
Hatteras Island has become limiting and a desalinization plant at Rodanthe, from deep wells, is now
being planned with the hope of becoming functional by 1990-91.

The freshwater supplies for the Roanoke Island, Nags Head, and upper Currituck Banks regions
have been from wells of various depths in the different locations, but, more recently, are primarily
from deep wells in the Skyco region of Roanoke Island. Beginning three years ago, Dare County,
Nags Head, and Kill Devil Hills joined in a united effort to build the second desalinization plant for
the Outer Banks and Roanoke Island. This new plant, another using the reverse osmosis method,
which became functional in the summer of 1989, uses brackish water from deep wells and has a
capacity of 3-million gallons-per-day. Consideration is already being given to expansion of this new
source, located at Kill Devil Hills.

The freshwater available for all of Currituck County is relatively poor in both quantity and

quality, with little prospect of water for the Currituck County Banks coming by pipeline from the
mainland of either North Carolina or Virginia.

About two-thirds of the NC Outer Banks in the A/P Study area is in some kind of state, federal,
or public land trust ownership. Such areas include Cape Hatteras National Seashore, Cape Lookout
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National Seashore, Pea Island National Wildlife Refuge, Pine Island National Audubon Society
Refuge, 720 acres of maritime woods owned by Nag’s Head and the Nature Conservancy, Jockey’s
Ridge State Park, Wright Brothers National Memorial Monument, Currituck National Wildlife Refuge,
the North Carolina National Estuarine Research Reserve, the NC Coastal Reserve, and the North
Carolina Nature Conservancy in the Swan Island-Monkey Island region (US Fish and Wildlife Service
1980; Taggart and Henderson 1988). All of these lands are held and managed as natural areas and are
protected from development. In Cape Hatteras National Seashore, the 8 villages (totaling about 6,000
acres) are separate enclaves, each functioning the same as any other town or community within the
county government system.

The 6,000 acres of Pea Island National Wildlife Refuge are now enclosed within the Cape
Hatteras National Seashore but are managed by the US Fish and Wildlife Service and have been since
the refuge was established and the freshwater impoundments were constructed in brackish marshes
during the late 1930s. Waterfowl and other wildlife are more abundant at Pea Island than in the rest
of the Cape Hatteras National Seashore. Vegetation on Pea Island is managed intensively for
waterfowl by cutting, burning, discing, plowing, the use of water-control structures on the sound side,
and formerly herbiciding to keep the natural communities more open, wetter, and in the earlier stages
of plant succession.

The Park Service management, in contrast, practices the classical "protect and leave alone"
system. Park Service lands have been protected from cutting, burning, plowing, and four-wheel
vehicles, but have been subjected to road and dune building and other human-induced perturbations.
They have not experienced a devastating hurricane for the past 35 years. As a result, these areas have
become much more heavily vegetated, moving into the later stages of succession, with major loss of
openness, edge habitat, and standing fresh and brackish waters. Between 1958 and 1978, the 6,000
acres of Bodie Island moved into later stages of succession; the vegetation became taller, denser, and
more woody -- 43% of the area underwent a change in habitat types. The comparative change at Pea
Island was 14% (Quay 1980). The changes in stages of succession were from fresh pond and/or
marsh, tidal marsh, or herbaceous beach or dune to herb-shrub thicket, or thicket woodland. These
changes were measured by aerial photography and verified by ground studies.

Dredge spoil islands created and maintained by the US Army Corps of Engineers (Corps) have
been an ecological feature of the Outer Banks region and A/P estuaries since the 1930s. They are
common and widespread and are increasing in size and number along the inner lips of inlets, within
the sounds, and bordering the Atlantic Intracoastal Waterway. Management of these islands has
become a cooperative venture of the Corps, the National Park Service, the US Fish and Wildlife
Service, the National Audubon Society, scientists from the University of North Carolina at
Wilmington, the NC Nature Conservancy, the NC Wildlife Resources Commission, and the NC
Division of Marine Fisheries. Personnel from these agencies combine to form management teams for
the islands, brought together by their interests in channel maintenance, fisheries resources, wildlife
management, and ecological ornithology. Twenty-three species of colonial-nesting waterbirds nest
almost exclusively in dredge island habitats -from freshly-dumped bare sand and muck to thicket
woodlands (Parnell and Soots 1979). 18 of the 23 are on "threatened” or "of special concerns” lists
(Cooper et al. 1977; Parnell 1985).

Plant succession on dredge material islands progresses from bare sand to shrub thicket and on to
thicket woodland in about 20 to 30 years and is thus very much amenable to regional management in
conformation with dredging cycles (Parnell and Soots 1975).
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E. 2. Status of Information

There is a vast and pertinent literature on all aspects of interest, concern, and needs of the A/P
Study on the Outer Banks. The 1987 Cape Hatteras National Seashore Bibliography alone has 1080
references (National Park Service 1987). While some additional research might be desirable in
specific areas, more than enough knowledge exists upon which to base definitive management plans
and decisions (Owens 1985; US Fish and Wildlife Service 1980).

E. 3. Trends

In summary: human populations and intensity of land use are increasing. Urbanization is
proceeding rapidly on privately owned lands. Waste disposal and fresh-water supply problems and
needs are increasing rapidly and are near the critical point. Maritime forests continue to be degraded
(Lopazanski et al. 1988). The engineering and management of sand is increasingly pressing and
controversial; engineers, elected government officials, business people, and residents find themselves in
basic and operational difference with ecologists, geologists, and other scientists (Pilkey 1989; Pilkey et
al. 1978).

When the towns and villages of the Outer Banks were being developed in the 18th and 19th
centuries, the barrier islands were wooded, with unique, salt-spray resistant maritime forests. All the
villages were built on the sound side, under the protection of the canopy of live oaks. When Oregon
and Hatteras inlets were torn out by the same hurricane in 1846, eye-witness accounts attest that the
maritime woods was solid at least from Avon t0 Ocracoke and presumably in the Oregon Inlet region
also (Engels 1942). Over the past 300 years, residents of the North Carolina Outer Banks have
reduced the original extensive cover of woods, shrubbery, herbaceous dunes, and sound-side marshes
to remnants in the earlier stages of succession. This reduction has been accomplished by cutting,
logging. burning, and fragmenting the protective vegetation and thus exposing openings and edges to
the necrotic effects of the salt spray. De-vegetation was intensified by grazing of pigs, goats, sheep,
horses, and cattle (until the late 1930s); by roads, increasing urbanization, and their accompanying
dredging and filling; by off-road vehicles in recent years; by the construction of hardened structures on
beaches and at inlets; and (until recently) by the construction of dwellings atop and in front of the
frontal dunes (Pilkey et al. 1978).

Urbanization is going on rapidly on all of Currituck Banks, from Nag’'s Head to Corolla, and in
all 8 villages of the Cape Hatteras National Seashore -- from Rodanthe to Ocracoke, except for the
refuges and land-trust areas. In the process, virtually all maritime forest and herb-shrub communities
and some high marsh areas are being converted to developed land. NC State Highway 12 generally
lies just behind (soundward of) the frontal dunes, extending into the herb-shrub and shrub-thicket
communities. It frequently overwashes, and reconstruction of washed out and threatened sections will
increasingly be into herb-shrub, woods, and high marsh areas.

With denser human populations and more intense urbanization, the ground water resources of the
Outer Banks are being sorely taxed. The well field in Buxton Woods is now being expanded. This
aquifer is maintained by the presence and function of the 3,000-acre Buxton Maritime Woods; any
destruction of the woods will also endanger this finite lens of fresh water (Lopazanski et al. 1989;
Heath 1988).
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The acreage in public trust ownership and jurisdiction on the Outer Banks is increasing, with the
US Fish and Wildlife Service, National Park Service, NC Wildlife Resources Commission, NC
Division of Coastal Management, NC Division of Parks and Recreation, NC Nature Conservancy, NC
National Estuarine Research Reserve, and NC Division of Marine Fisheries all involved. Urbanization
is increasing rapidly in cities and villages and on the remaining private lands.

The condition of the ocean beach will continue to degrade as development continues, bringing
increasing pressure for remedial measures. Beach replenishment, stabilization, and management are
and will increasingly become questionable, expensive, and controversial subjects (Pilkey et al. 1978).

If, as predicted, sea level rises 5 feet by the year 2100, the ocean shoreline would be far inland of
its present location and much of Currituck (over half), Dare (87%), and Hyde (more than 66%)
counties would be under ocean water (Wilms 1988). With sea level rising 3-7 feet by 2030 (Benton
1981; Wilms 1988) the impending changes in the coastal zone are sobering.

E. 4. Management/Regulatory Status and Trends

A welter of laws, regulations, and standards administered by state, federal, and local agencies
affect activities on the Outer Banks. The final Environmental Impact Statement for the proposed
Currituck National Wildlife Refuge (US Fish and Wildlife Service 1980) lists, identifies, and explains
21 sets of North Carolina state environmental laws and regulations (legislation), and 17 sets of federal
legislation which apply to the Outer Banks (US Fish and Wildlife Service 1980). While many of these
management efforts may need to be more strict, and some may need to be added, better monitoring
and enforcement of existing controls could be effected immediately.

F. RARE SPECIES AND NATURAL COMMUNITIES

F.1. Introduction

This section of the chapter: 1) provides basic information on both Federally-listed and State-listed
endangered and threatened species in the A/P Study Area; 2) provides a listing of natural communities
in the study area; and 3) discusses completed, ongoing, and planned work to inventory natural areas in
the study area, including both North Carolina and Virginia.

F.2. Federally-listed Endangered, Threatened,
and Candidate Species

The "U.S. List of Endangered and Threatened Wildlife and Plants” lists species that are Federally
endangered or threatened. An "endangered" species is one that is in danger of extinction throughout
all or a significant portion of its range. A "threatened"” species is one that is likely to become
endangered in the foreseeable future. A species is listed when a determination is made that its
existence is threatened by at least one of five factors: the existing or threatened loss of the species’
habitat; overuse of the species for commercial, sporting, scientific, or educational purposes; disease or
predation; the nonexistence of regulatory means to prevent the decline of a species or the degradation
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of its habitat; and other natural or manmade factors affecting the species’ continued existence. Areas
essential to a species’ survival or conservation, known as "critical habitat," can also be protected.

In addition to being listed as endangered or threatened, plant and animal species may be
categorized as "candidates”. Candidate 1 (C1) species are those species for which the U.S. Fish and
Wildlife Service has enough substantial information to list the species as endangered or threatened.
Listing is "warranted but precluded by other pending proposals of higher priority." The U.S. Fish and
Wildlife Service, however, can use emergency listing procedures "if the wellbeing of any such species
is at significant risk." A candidate 2 (C2) species is one for which there is some evidence of
vulnerability, but for which there are not enough data to support listing as endangered or threatened at -
that time. Again, listing is "warranted but precluded by other pending proposals of higher priority".
Candidate species are not legally protected under the Endangered Species Act, and are not subject to
any of its provisions until they are formally proposed or listed as endangered or threatened.

The Endangered Species Act of 1973, as amended, is carried out primarily by the U.S. Fish and
Wildlife Service. in cooperation with States and other Federal agencies. The Fish and Wildlife Service
and the National Marine Fisheries Service, for marine species, are responsible for administering the
Act; regulations governing the import and export of endangered and threatened plants are enforced by
the Animal and Plant Health Inspection Service of the U.S. Department of Agriculture. The U.S. Fish
and Wildlife Service's involvement, beyond listing of a species, includes development of a recovery
plan, Section 7 consultation responsibilities, law enforcement activities, research, and land
management, with the purpose of increasing the species’ chances for recovery and survival. The
ultimate goal of the U.S. Fish and Wildlife Service’s Endangered Species Program is to restore animal
and plant populations to a level that would allow their delisting.

In the entire study area of North Carolina and Virginia, there are 14 Federally-listed endangered
species, 5 Federally-listed threatened species, 2 species proposed-endangered, and 1 species proposed-
threatened. In the North Carolina portion of the study area, there are 13 endangered species and S
threatened species. In the Virginia portion of the study area, there are 4 endangered species and 1
threatened species. Two species, the Roanoke log perch (endangered) and American chaffseed
(proposed endangered), are known to occur in the study area in Virginia but not in North Carolina.
Table II-10 on the following page lists these Federally-endangered and -threatened species, as well as
the counties in which they are documented to occur. Details on each species are beyond the scope of
this report and will not be given: for more specific information on a given species, consult the
appropriate Recovery Plan developed by the U.S. Fish and Wildlife Service. Recovery Plans exist for
the following species: West Indian manatee, Dismal Swamp southeastern shrew, red wolf, roseate
tern, bald eagle, red-cockaded woodpecker, piping plover, peregrine falcon, green sea turtle, Kemp's
ridley sea turtle, loggerhead sea turtle, leatherback sea turtle, American alligator, and Tar River spiny
mussel.

As previously mentioned, candidate species are those that are not now listed or officially proposed
for listing as endangered or threatened but are under status review by the U.S. Fish and Wildlife
Service. At the time of this writing, there were 30 candidate species in the North Carolina portion of
the study area (listing dated 10-1-91, from U.S. Fish and Wildlife Service), and 20 candidate species in
the Virginia portion of the study area (listing dated 1-24-92, from Virginia Department of
Conservation and Recreation, Division of Natural Heritage). The U.S. Fish and Wildlife Service
reviews and updates its lists of species on a regular basis. As more information becomes available on
given species, the lists are subject to change.
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Table 11-10. Federally-listed endangered and threatened species in the
Albemarle-Pamlico Study Area.

SPECIES

FEDERAL

W

NORTH CAROLINA COUNTIES

VIRGINIA COUNTIES IN

e ——
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Sussex, Sussex/Greensville

—

STATUS IN WHICH SPECIES IS KNOWN WHICH SPECIES IN
TO OCCUR* KNOWN TO OCCUR**
MAMMALS |
West Indian (Florida) E Hyde
manatee
Dismal Swamp southeastern T Camden, Currituck, Gates, Chesapeake, Suffolk,
shrew Pasquotank, Perquimans Virginia Beach
Red wolf E Dare, Tyrrell
BIRDS
Roseate tern E Offshore Migrant, Carteret, Dare
Bald eagle E Beaufort, Carteret, Chowan, Craven, Isle of Wight, Prince
Dare, Durham, Hyde, Vance, Wake, George, Suffolk, Surry |
Washington
Red-cockaded woodpecker E Beaufort, Bertie, Camden, Carteret, Sussex
Craven, Dare, Gates, Halifax,
Hertford, Hyde, Johnston, Jones,
Lenoir, Nash, Northhampton,
Orange, Pamlico, Perquimans, Pitt,
Tyrrell, Wake, Wayne, Wilson
Piping plover T Carteret, Currituck, Dare, Hyde
Arctic peregrine falcon E Carteret, Dare, Hyde
REPTILES
I
Green sea turtle T Beaufort, Bertie, Camden, Carteret, |
Chowan. Craven, Currituck, Dare,
Hyde, Pamlico, Pasquotank.
Perquimans
Kemp's ridley sea turtle E Beaufort, Bertie, Camden, Carteret,
Chowan, Craven, Currituck, Dare,
Hyde, Pamlico, Perquimans, Tyrrell,
Washington
Leatherback sea turtle E Carteret, Currituck, Hyde
Loggerhead sea turtle T Beaufort, Bertie, Camden, Carteret,
Chowan, Craven, Currituck. Dare,
Hyde, Pamlico, Pasquotank,
Perquimans, Tyrrell, Washington
American alligator T S/A Camden, Darteret, Craven, Dare.
Hyde, Jones, Pamlico, Tyrrell
FISH
Roanoke log perch E Dinwiddie, Franklin City,




Table I1-10. (continued)

SPECIES FEDERAL NORTH CAROLINA COUNTIES VIRGINIA COUNTIES
STATUS IN WHICH SPECIES IS KNOWN IN WHICH SPECIES IS
TO OCCUR KNOWN TO OCCUR
I MUSSELS
Il Tar River spiny mussel E Edgecombe, Franklin, Nash, Pitt
Dwarf wedge mussel E Edgecombe, Franklin, Granville, Nottoway/Lunenburg
Johnston, Nash, Wake
PLANTS
Rough-leaved loosestrife E Beaufort, Carteret, Pamlico
Harperella E Granville
Michaux’s sumac E Durham, Franklin, Johnston.
Orange, Wake, Wilson
Sensitive joint-vetch i T Beaufort, Craven, Hyde Prince George
Smooth coneflower PE Granville, Durham, Orange Franklin, Nottoway
|| American chaffseed PE Greensville
Il Seabeach amaranth PT

* information provided by U.S. Fish and Wildlife Service
** information provided by Virginia Division of Natural Heritage

F.3. State-listed Endangered, Threatened,
and Special Concern Species

In North Carolina, species are designated by two different State agencies. The N.C. Wildlife
Resources Commission designates animal species and the North Carolina Plant Conservation Program
lists and protects plants. The State defines an endangered animal species as any native or once-native
species of wild animal whose continued existence as a viable component of the State’s fauna is
determined to be in jeopardy, or any species of animal listed as endangered pursuant to the
Endangered Species Act (North Carolina Natural Heritage Program 1990a). A threatened animal
species is defined as a native or once-native species which is likely to become an endangered species
within the foreseeable future throughout all or a significant portion of its range, or one that is
designated as a threatened species according to the Endangered Species Act. A special concern animal
species is a species that is native or once-native to North Carolina which is determined to require
population monitoring; individuals of the species may be taken in accordance with regulations (Article

25 of Chapter 113 of the North Carolina General Statutes) (North Carolina Natural Heritage Program
1990a).

The North Carolina Department of Agriculture’s Plant Conservation Program lists State-
endangered, -threatened, and -special concern plants. A State-listed endangered plant is defined as any
plant species whose continued existence as a viable component of the State’s flora is determined to be
in jeopardy (North Carolina Natural Heritage Program 1990b). Endangered species cannot be removed
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from the wild unless a permit is obtained for purposes of research, propagation, or rescue which will
enhance the survival of the species. Wild-collected endangered species may not be sold or distributed
(North Carolina Natural Heritage Program 1990b). A threatened plant species is defined by the State
as any plant species likely to become an endangered species within the foreseeable future (North
Carolina Natural Heritage Program 1990b). The State’s regulations for threatened plants are identical
to those for endangered plants. A special concern plant is defined by the State as any plant species
which requires population monitoring, but which may be collected and sold under specific regulations
(North Carolina Natural Heritage Program 1990b). Special concern plants which are not also listed as
endangered or threatened can be wild-collected and sold under specified regulations. If a special
concern plant is also listed as endangered or threatened, only propagated material may be sold or
traded under specific regulations.

The definitions and regulations concerning State-listed endangered, threatened, and special concern
species may differ slightly between North Carolina and Virginia; however, the Virginia definitions and
any differences will not be discussed. As is the case in North Carolina, two Virginia agencies list
endangered and threatened species in that state. Animals, except for insects, are listed by the
Department of Game and Inland Fisheries, and plants and insects are listed by the Department of
Agriculture and Consumer Services, Plant Protection Bureau.

In the North Carolina portion of the A/P Study Area, there are 28 State-listed endangered species
(11 animals and 17 plants), 25 threatened species (14 animals and 11 plants), and 20 special concern
animals. In the Virginia portion of the study area, there are 9 endangered species (8 animals and 1
plant), 10 threatened species (all animals), and 1 candidate species (there are no species designated as
special concern). In addition to the agencies that are responsible for listing and protecting species, the
Natural Heritage Program for each state maintains species lists. Updates occur on a regular basis, at
least once a year (North Carolina Natural Heritage Program 1990a).

In addition to designating species as endangered, threatened, or special concern, plants, animals,
and natural communities can be designated according to their Global status and their State status.
However, no legal protection exists for these latter categories. The Nature Conservancy, scientific
experts, and the various natural heritage programs together assign species a Global rank (North
Carolina Natural Heritage Program 1990 a,b). Global rank 1 (G1) species are defined as being
critically imperiled globally because of extreme rarity, meaning that they occur in 5 or fewer places
worldwide, or because of some factor(s) making the species especially vulnerable to extinction.
Global rank 2 (G2) species are imperiled globally because of rarity, 6 to 20 occurrences or few
remaining individuals, or because of some factor(s) making it very vulnerable to extinction throughout
its range. In the North Carolina portion of the study area, 13 animals are designated as G1 or G2
species and 31 plants are designated G1 or G2. In the Virginia portion of the study area, 9 animals
are designated as G1 or G2 and 16 plants are so designated. In both states, most of these Globally-
ranked species are also Federally-listed, State-listed, or State-ranked as S1 or S2.

State ranks are based on The Nature Conservancy’s system of measuring rarity and threat status
(North Carolina Natural Heritage Program 1990 a,b). In North Carolina, for instance, S1 species are
defined as critically imperiled in the state because of extreme rarity, 5 or fewer occurrences or very
few remaining individuals, or because of some factor(s) that make the species especially vulnerable to
extirpation from the state. S2 species are imperiled in the state because of rarity, 6 to 20 occurrences
or few remaining individuals, or because of some factor(s) that make the species very vulnerable to
extirpation from the state. In the North Carolina portion of the study area, there are 155 S1 species.
In the Virginia portion of the study area, there are 127 S1 species.
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F.4. Natural Communities

A natural community is defined as "a distinct and reoccurring assemblage of populations of
plants, animals, bacteria, and fungi naturally associated with each other and their physical
environment” (Schafale and Weakley 1990). The North Carolina Natural Heritage Program has
identified over 100 natural communities in the state; these are described in Schafale and Weakley
(1990). As with plant and animal species, natural communities are ranked on Global and State scales;
the definitions of G1, G2, S1, and S2 are found in the two previous paragraphs. Of the more than 100
North Carolina natural communities, 65 have been identified in the A/P Study Area. Of these 65
natural communities, 27 are ranked as G1, G2, S1, or S2. Table II-11 lists the natural communities,
and their ranks, occurring in the North Carolina portion of the study area. The state of Virginia is
currently in the process of classifying and ranking its natural communities.

F.5. Natural Area Inventories

The North Carolina Natural Heritage Program is responsible for maintaining a statewide inventory
of important natural areas and rare species habitats, in accordance with the North Carolina Nature
Preserves Act (Frost et al. 1990). The Albemarle-Pamlico Estuarine Study is funding the Natural
Heritage Program to conduct an inventory to identify, describe, map, prioritize and make protection
recommendations for special natural areas and endangered and rare species habitats in the North
Carolina portion of the study area (Frost et al. 1990). Typically, the identified natural areas contain
one to several natural communities, including those discussed in the previous section (Harry LeGrand,
North Carolina Natural Heritage, personal communication 1992). The inventory data are being
recorded in the Natural Heritage Program’s inventory management system, as well as reproduced in
Teports.

The North Carolina inventories are being conducted in three phases. The first phase has been
completed and the report is available. The field work for the second phase has been completed, but
the report has not yet been produced, and the field work for the third phase is currently underway.
The counties surveyed for the first report are: Currituck, Camden, Pasquotank, Perquimans, Chowan,
Gates, Hertford, Bertie, Martin, and Washington. Those surveyed for the second report are: Hyde,
Beaufort, Pitt, Pamlico, Craven, Jones, and Carteret. The third phase of the inventory covers the
following counties: Lenoir, Greene, Wayne, Johnston, Wilson, Edgecombe, Northampton, Halifax,
Nash, Wake, Franklin, Warren, Vance, Granville, Person, Orange, and Durham. Barrier islands,
estuarine islands, and Dare and Tyrrell Counties were not inventoried (Harry LeGrand, North Carolina
Natural Heritage, personal communication 1992). The mainlands of Dare and Tyrrell Counties were
inventoried for CEIP reports (Coastal Energy Impact Program) in 1982 and 1981, respectively.

Phase 1 of the North Carolina natural areas inventory also identified especially significant wetland
ecosystems, or "wetland complexes,” in the ten study area counties covered by the survey (Frost et al.
1990). The Natural Heritage Program listed the following as significant wetland complexes: Roanoke
River floodplain forests; Northwest River/North Landing River marshes, forests, and pocosins; Great
Dismal Swamp forests and pocosins; Chowan River floodplain forests and marshes; North River/Great
Swamp floodplain forests and marshes; Lake Phelps and Pungo Lake shoreline forests, marshes, and
pocosins; Perquimans/Pasquotank hardwood forests on terrace flats; Merchants Millpond aquatic
communities and forests; Maple Swamp and Church Island forests and marshes; Chowan County
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Carolina bays; Cashie River floodplain forests; and East Dismal Swamp and Van Swamp forests.
Information on individual sites can be found in Frost et al. (1990).

A natural areas inventory is also being conducted for the A/P Study Area in Virginia. The
Virginia Department of Conservation and Recreation’s Division of Natural Heritage is inventorying
natural areas, exemplary wetlands, and endangered species in 16 of the 19 municipalities in the
Virginia portion of the study area. The project is being conducted in two phases. The first phase
inventoried 6 municipalities: Prince George County; Surry County; Isle of Wight County; Chesapeake
City; Suffolk City; and Virginia Beach City (Tom Rawinski, Virginia Division of Natural Heritage,
personal communication 1992). The inventory report includes information on 24 natural areas of
special significance. The second phase of the Virginia inventory will focus on 10 of the remaining
municipalities in the study area. The Division of Natural Heritage plans to have the second phase
report completed in the Fall of 1992,
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Table I1.11. Natural communities in the Albemarle-Pamlico Study Area listed as G1, G2, S1, or S2. North
Carolina listing from the N.C. Natural Heritage Program (listing dated 10-91)

COMMUNITY NAME STATE RANK | GLOBAL RANK
Basic Mesic Forest (Coastal Plain subtype) S1 G5 T3
Basic Mesic Forest (Piedmont subtype) S2 G5 T3
Basic Oak-Hickory Forest S$2837? G3 G4?
Coastal Fringe Evergreen Forest S1 G3?
Coastal Fringe Sandhill S1 G3
Coastal Plain Marl Outcrop S1 G2
 Diabase Glade s1 Gl

Floodplain Pool S1? G?
Granitic Flatrock S2 G3
Interdune Pond S1 ' G3

ll Maritime Deciduous Forest S1 Gl

Il Maritime Dry Grassland _ S2 G3
Maritime Evergreen Forest S1 G2

II Maritime Shrub Swamp | S1 Gl
Maritime Swamp Forest S1 Gl
Maritime Wet Grasstand $27 G3?
Nonriverine Swamp Forest S2 G2
Nonriverine Wet Hardwood Forest S1 Gl
Peatland Atlantic White Cedar Forest S2 G2
Piedmont/Mountain Swamp Forest S1 G2 G3
Pine Savanna S2 G3
Small Depression Pocosin S G2?
Small Depression Pond S2 G3

| -
Tidal Cypress-Gum Swamp $2? G3
Tidal Freshwater Marsh $2? G4
Ultramafic Outcrop Barren S1 Gl
Upland Depression Swamp Forest S2 G3

7" indicates community rank uncertain or unranked
"T" indicates the rank of a community subtype
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G. SUMMARY

G. 1. Introduction

Critical areas are composed of those biophysical systems which have the greatest impact upon
estuarine waters or are otherwise unique or noteworthy. In this study, they have been grouped for
convenience under five major headings: submerged aquatic vegetation, emergent vegetation under sea
level influence, riparian/alluvial forested wetlands, special fisheries habitats, and other critical areas.

G. 2. Description

Beds of submerged aquatic vegetation (SAV) occupy the shallow water habitat immediately
behind the barrier islands and some of the tributaries along the mainland side. SAV distribution varies
greatly in space and through time. Near the inlets, in higher salinity water, SAV is composed largely
of eelgrass and Cuban shoalgrass. In waters of somewhat lower salinity, widgeongrass may
predominate; and in slightly brackish to fresh areas, wild celery, Eurasian watermilfoil, or a mixture of
pondweeds and other species may occur. Currituck Sound once contained dense growths of native
SAV which were largely replaced by Eurasian watermilfoil during the 1960s and 1970s. The milfoil
decreased dramatically during the latter 1970s and was replaced in turn by the native widgeongrass.
Similarly, SAV was common in the Pamlico River until the mid-1970s, decreased to about 1% of its
former volume by 1985, and has since recovered to some degree.

Emergent wetlands under the influence of sea level (progressing generally from the ocean or inlet
landward or upstream) include tidal salt marshes, nontidal brackish marshes, fringe swamps, and
nontidal freshwater marsh. Tidal salt marshes, under the direct effect of periodic lunar tides and high
salinity water, constitute a rich but severe environment. Few vertebrate species and only one higher
plant, salt marsh cordgrass, occur along the lower border of these systems. In terms of fixing solar
energy and supporting biomass, however, tidal salt marshes rank among the most productive biotic
communities. At slightly higher elevations, where inundation is more irregular, other species of
grasses, sedges, and rushes occur and more terrestrial animals may be found. Along major freshwater
estuarine tributaries, a fringe of cypress-tupelo swamp separates the aquatic environment from the
upland, and pockets of freshwater marsh may be found. In contrast to the few species of plants in salt
marshes, this last community contains a rich assemblage of flowering plants. These wetland systems
represent the transition area (ecotone) between upland communities and estuarine waters.

Farther up estuarine tributaries, where riverine conditions predominate, ecotones consist of
swamps and bottomland hardwood communities. Bald cypress and water tupelo characterize the
former, whereas the latter contain many flood-tolerant species. In these systems, riverine flooding
replaces the lunar and wind-driven components characteristic of emergent wetlands.

A number of special fisheries habitats overlap with some of the other critical areas. Bay scallops
make their homes in beds of eelgrass. Hard clams and oysters are found in relatively stable sediments
on vegetated or un-vegetated bottoms. Estuarine nursery areas may include areas of SAV and marsh
streams. Anadromous species may spawn in the waters of fringe and riverine swamps.

While their specific functions differ, all the preceding ecosystems are essential to the continued
production of estuarine systems and organisms. These wetlands filter sediment and excess nutrients
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from overland runoff, provide detritus and other nutriment to the estuaries, serve as water retention
areas during floods, and shelter juvenile estuarine and marine organisms within their internal streams
and drainageways. Without their continued services, the Albemarle/Pamlico region would cease to be
what we cherish today. '

Several types of critical areas with less direct ties to the estuaries occur in the region. The
beaches, flats, and maritime forests of the barrier islands are essential features of the coastal landscape.
The poorly drained peat soils of many of the inter-stream areas support broad-leaved evergreen shrub
vegetation. These pocosins are a unique and valuable natural resource, as are the small isolated
swamps found in depressions without obvious connections to other surface waters.

G. 3. Status and Trends of Information

While scientists always desire additional and more precise information, a critical area information
base sufficient to support an effective management program probably already exists. Critical areas’
biotic and abiotic components have been described, their distributions defined, and their relationships
to the larger estuarine and marine ecosystems generally ascertained. Most of the descriptive work has
been done, and it makes a strong case for preservation of these areas.

The work remaining is largely quantitative and explanatory. Important questions include: What
causes the distribution of SAV to vary so widely? What can be done about it? Can the environmental
factors limiting the distribution and functioning of these systems be characterized quantitatively? How
are riparian and alluvial systems affected by off-site events such as the application of fertilizers and
pesticides, flood-control and drainage programs, channelization, and other man-caused and natural
phenomena? Perhaps the most important question is: how will all these systems be affected by the
various sea-level rise scenarios that have been proposed?

G. 4. Management/Regulatory Status and Trends

As one passes from Navigable Waters of the United States upstream and inland, he encounters a
continuum from strong federal involvement and generally effective overall regulation to almost
exclusive local control and few restrictions. Construction on lands beneath Navigable Waters of the
United States, extending inland to the mean high water line in tidal waters or the ordinary high water
line in nontidal areas and including contiguous wetlands, is regulated by the US Army Corps of
Engineers under the provisions of the River and Harbor Act of 1899 (33 U.S.C. 401, 403). Dredging
in coastal waters also requires a state permit (NCGS 113-22). Upland and inland from this zone,
deposition of dredged and fill material in other waters and wetlands without a Corps permit is
prohibited by section 404 of the Clean Water Act (33 U.S.C. 1344). Much of the same area is
included within Areas of Environmental Concern (AECs) identified by the NC Coastal Resources
Commission under the provisions of North Carolina's Coastal Area Management Act (CAMA)
(N.C.G.S. 113A-101 et seq.). Development in such areas requires a permit from the NC Division of
Coastal Management. Discharge of pollutants into these areas is similarly regulated by a combination
of federal and state laws, generally implemented through permits issued by the NC Division of
Environmental Management.

However, a number of factors and activities which may have a profound effect on critical areas
escape this regulatory matrix. Nutrients, pesticides, and other pollutants currently enter these systems
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through diffuse overland flow or other nonpoint sources without regulation (note, however, that section -
208 of the Clean Water Act [33 U.S.C. 1288] and section 319 of the Water Quality Act of 1987
address the subject of nonpoint source pollution). Increased runoff from development on upland areas
outside of AECs may affect both quantity and quality of waters entering critical areas. Many interior
wetlands are not protected against destruction other than direct filling, and neither the state nor the
nation has enacted legislation directly addressing the issue of wetland protection.

Laws, regulations, and institutional organizations do not by themselves constitute effective
resource management systems. They must have the support of knowledgeable and active citizens, the
backing of concerned elected and appointed government officials, staffs of competent public servants,

and adequate budgetary support. These may be the most important factors in determining the future of
the Albemarle/Pamlico region.
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Appendix A
Definitions of Wetlands

The information in items 1,2, and 3 is found in USEPA et al, 1991; .
Several definitions of wetlands have been formulated by the U.S. Environmental Protection Agency
(USEPA), the U.S. Army Corps of Engineers (USACE), the Soil Conservation Service (SCS), and the
U.S. Fish and Wildlife Service (USFWS) in order to carry out their statutory, regulatory, and non-
regulatory responsibilities related to wetland protection. The USEPA, USACE, and SCS have adopted
regulatory definitions of wetlands (see 40 CFR part 110, 40.CFR part 116, 40 CFR part 117, 40 CFR
part 122, 40 CFR part 230, 40 CFR part 232, 40 CFR part 435, 33 CFR part 328, and 7 CFR part 12).
USFWS defines wetlands for the purposes of conducting an inventory of the nation’s wetland, but this
definition is not regulatory.

1. Section 404 of the Clean Water Act - USEPA and USACE Definition

The term wetlands means those areas that are inundated or saturated by surface or ground water
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. Wetlands generally
include swamps, marshes, bogs, and similar areas (USEPA - 40 CFR 230.3; December 24, 1989,
USACE - 33 CFR 328.3, November 13, 1986).

2. Food Security Act of 1985 - SCS Definition

Wetlands are defined as areas that have a predominance of hydric soils and that are inundated or
saturated by surface or ground water at a frequency and duration sufficient to support, and under
normal circumstances do support a prevalence of hydrophytic vegetation typically adapted for life in
saturated soil conditions, except for lands in Alaska identified as having a high potential for
agricultural development and a predominance of permafrost soils (7 CFR12.2 (a)(28)).

3. USFWS Definition - This definition was published in the USFWS publication, "Classification of
Wetlands and Deepwater Habitats of the United States” (Cowardin, et al. 1979).

Wetands are lands transitional between terrestrial and aquatic systems where the water table is
usually at or near the surface or the land is covered by shallow water. For purposes of this
classification wetlands must have one or more of the following three attributes: (1) At least
periodically, the land supports predominantly hydrophytes; (2) the substrate is predominantly
undrained hydric soil, and (3) the substrate is nonsoil and is saturated with water at some time during
the growing season of each year.

An important point to remember is that USEPA, USACE, and SCS definition of wetlands centers

on the presence of all three parameters: hydrology, hydrophytic vegetation, and hydric soils, whereas
USFWS requires the presence of only one of the three parameters.
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4. Definition of Pocosin, as used by Richardson et al. (1981)

Pocosin covered "...a number of subclasses of wetlands found on the coastal plain of the southeastern
United States. Specifically, the dominant subclasses from the 1954 classification of the United States
Fish and Wildlife Service (USFWS) that were included under the term bog were pond pine wetlands,
and scrub/shrub wetlands, along with Atlantic white cedar stands, savannas, and loblolly pine stands
on hydric soils." (Richardson 1992)

From Richardson et al. (1981): "...the typical pocosin ecosystem in North Carolina is characterized
by the vegetation..." ti-ti, sweetbay magnolia, red bay, ink-berry, greenbrier, and pond pine "...growing
on waterlogged, acid, nutrient poor, sandy or peaty soils located on broad, flat topographic plateaus,
usually removed from large streams and subject to periodic burning.”
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Appendix B

Scientific Names of Plants and Animals Referenced in the Wetlands Section and Rare Species
and Natural Communities Section of the Status and Trends Report

PART 1. PLANTS
American beech Fagus grandifolia
American chaffseed Schwalbea americana*
American elm Ulmus americana
American hornbeam Carpinus caroliniana
Arrowhead Sagitiaria spp.

Adtantic white cedar
Bald cypress

Bitter gallberry, ink-berry
Black gum

Black needlerush
Broad-leaf cattail
Bulrush

Catbrier

Cattail
Chair-maker’s rush
Cherrybark oak
Chinese privet
Common pawpaw
Fetter-bush
Flowering dogwood
Giant bulrush

Giant cane

Green ash

Ground ivy
Groundsel-tree
Harperella

Hollies

Honeycup

Japanese honeysuckle
Joint-head arthraxon
Laurel oak

Loblolly bay
Loblolly pine
Longleaf pine
Marsh elder
Michaux’s sumac
Nepal microstegium
Olney's three square
Pennywort

Pond pine

Red bay

Red maple
Riverbirch
Rough-leaved loosestrife
Salt grass

Salt meadowgrass
Saw grass

Sea ox-eye

Chamaecyparis thyoides
Taxodium distichum

llex glabra
Nyssa sylvatica
Juncus roemerianus
Typha latifolia
Scirpus spp.
Smilax spp.
Typha spp.
Scirpus americanus
Quercus falcata var. pagodaefolia
Ligustrum sinense
Asimina triloba
Lyonia lucida
Cornus florida
Scirpus robustus
Arundinaria gigantea
Fraxinus pennsvlvanica
Glechoma hederacea
Baccharis halimifolia
Prilimnium nodosom*
flex spp.
Zenobia pulverulenta
Lonicera japonica
Arthraxon hispidus
Quercus laurifolia
Gordonia lasianthus
Pinus taeda

Pmus ga]ustrt
lgg frutescens
Rhus michauxii*
Eulalia viminea
Scirpus olnevi
Hvdrocotvle umbellata
Pinus serotina
Persea borbonia
Acer rubrum
Betula nigra
L\smzachza asperulaefolia*
Distichlis spicata
Spartina patens
Cladium jamaicense

Borrichia frutescens
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* Federally - listed endangered and threatened species

Seashore mallow
Sensitive joint-vetch
Smooth coneflower
Shumard oak
Smartweeds

Smooth cordgrass
Soft-stem bulrush
Sourwood

Southern cattail
Spikerush
Sugarcane plumegrass
Sugar-berry

Swamp chestnut oak
Swamp cottonwood
Swamp tupelo

Kosteletzkya virginica
Aeschynomene virginica*
Echinacea laevigata*

Quercus shumardii
Polygonum spp.
Spartina alterniflora
Scirpus validus
Oxvdendron arboreum
Typha domingensis
Eleocharis spp.
Erianthus giganteus
Celtis laevigata
uercus michauxii
Populus heterophvila
Nyssa sylvatica var. biflora

Sweet gallberry, ball-gall holly [llex coriacea

Sweetbay magnolia
Sweetgum

Switch grass
Sycamore

Ti-ti, swamp cyrilla
Umbrella-sedge
Water hickory
Water oak

Wax myrtle
Wiregrass

PART 2.

MAMMALS

Beaver
Black bear
Bobcat

Hispid cotton rat
Marsh rice rat
Mink

Muskrat

Nutria

Otter

Raccoon

Red wolf

West indian (Florida) manatee

White-tailed deer
BIRDS

Arctic peregrine falcon
Bald eagle

Great crested flycatcher
Hooded warbler

Piping plover
Prothonotary warbler
Red-cockaded woodpecker
Roseate tern

Magnolia virginiana

Liguidambar styracifiua
Panicum virgatum
Platanus occidentalis
Cyrilla racemiflora

Cyperus spp.

Carya aquatica
Quercus nigra

Myrica cerifera

Aristida stricta

ANIMALS

Castor canadensis

Ursus americanus

Lynx rufus

Dismal Swamp southeastern shrew

Sorex longirostris fisheri*
Sigmodon hispidus
Oryzontys palustris

Mustela vison

Ondatra zibethicus

Myocastor coypus
Lutra canadensis

Procyon lotor
Canis rufus*

Trichechus manatus*
Qdocoileus virginianus

Falco peregrinus tundrius*
Haliaeetus leucocephalus*
Myiarchus crinitus
Wilsonia citrina
Charadrius melodus*
Protonotaria citrea
Picoides borealis*
Sterna dougallii dougallii*
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* Federally - listed endangered and threatened species

Swainson’s warbler
Worm-eating warbler
Wild turkey

REPTILES

American Alligator
Diamondback terrapin
Green sea turtle
Kemp's ridley sea turtle
Leatherback sea turtle
Loggerhead sea turtle

FISH

Mosquito fish
Mummichog
Roanoke log perch
Sheepshead minnow
Striped killifish

INVERTEBRATES

Dwarf wedge mussel
Fiddler crabs
Periwinkle

Tar River spiny mussel

Limnothlypis swainsonii
Helmitheros vermivorus
Meleagris gallopavo

Alligator mississippiensis*
Malaclemys terrapin
Chelonia mydas*
Lepidochelys kempii*
Dermochelys coriacea*
Caretta caretia*

Gambusia affinis
Fundulus heteroclitus
Percina rex*

Cyprinodon variegatus

Fundulus luciae

Alasmidonta heterodon*
Uca spp.
Littorina irrorata
Elliptio (Canthyria) steinstansana*

* Federally - listed endangered and threatened species
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Appendix C

Discussion On Land Use/Land Cover Data For the Entire Albemarle-Pamlico Estuary Study Area,
Landsat Data (1988)

The following summary and conclusions were taken from Khorram et al, 1992:

Five Landsat Thematic Mapper (TM) scenes covering 97% of the Albemarle-Pamlico drainage
basin were used to classify land use and land cover. Digital TM data were physiographically
stratified, converted to 2 Lambert Conformal Conic projection and classified into 18 classes using a
supervised approach and statistics from TM bands 3, 4, and 5 (red, near infrared and middle infrared).
Classification accuracies were determined based on 1,931 verification sample sites. Leaf-off
conditions and, near the coast, excessive soil moisture limited differentiation of certain vegetation
types particularly within the Tidewater region. Mapping accuracies were relatively low for Urban and
Built-up land (46%) and ranged from 73% to 97% for five other Level 1 categories (Water,
Agriculture, Forestland, Wetlands and Barren Land). '

Image data were processed and classified into land use and land cover classes at the Computer
Graphics Center (CGC) at North Carolina State University and then transferred to the North Carolina
Center for Geographic Information & Analysis (CGIA). At the CGIA, image data were filtered using
a standard 5x5 mode filter, converted to the ARC/INFO data format and partitioned by USGS
1:100,000 scale map boundaries. Land use/land cover data and products can be obtained from CGIA
by USGS 1:100,000 map windows or by county in a variety of formats. Prospective users need to be
aware that these data require large amounts of disk storage. Data are georeferenced to the N.C. State
Plan Coordinate System, but, because of their deviation, mapping discrepancies may exist between this
data layer and data layers derived from different mapping methodologies.

Overall, Landsat TM data appeared to be a good source of information for large area inventories
of land use/land cover patterns. The resultant map products provide the level of detail and accuracy
required regional/basin-level analyses for management and research needs.

Recommendations

The following recommendations should be considered during use of the current (1988) land
use/land cover inventory:

1. Data are applicable to inventory and research efforts designed to characterize large geographic
areas such as the entire Albemarle-Pamlico estuarine system, groups of counties, or basins, but are not
appropriate for site-specific evaluations such as characterization of urban infrastructures.

2. Because of the low classification accuracies for developed areas and underestimation of forested
wetlands, the estimates of these areas should be considered with great caution. Data on road networks
or municipal boundaries can be obtained from alternative sources (USGS DLG files, Bureau of Census
TIGER files or CGIA databases can be overlaid with the inventory data to provide quality assurance
for developed areas.

3. Users should be aware that data require large amounts of disk storage due to large file sizes.
Identification of appropriate hardware needs is recommended before acquisition and manipulation of
digital data files.
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4. Efficient map production equipment, preferably an electrostatic plotter, is required to produce
hard-copy output.

5. In order to adequately monitor land use/land cover activities within the A/P basin, an inventory
from satellite data should be conducted every five years. The next database should be developed for
1993 conditions.

The following information was taken from Table 5, Classification Accuracy Estimates, found on
page 33 of Khorram et al, 1992. Standard errors, which are indicated within the parentheses (+/-)
were calculated for Level 1 categories using a 95% confidence level. The Level I Total column is the
standard error for all the categories found in that particular class.

41

LEVEL I CLASS NAME & LEVEL 1 LEVEL 1
CLASS NUMBER TOTAL A* | TOTAL B**
Water Water / 2 99 97
(+/- 1.24) (+/- 2.11)
Urban or Built-up Land | Low Dev /3 76 46 " i
Med Dev / 4 (+/- 71.35 (+/- 7.90)
High Dev /5
Agriculture Agriculture / 6 86 93
Disturbed / 12 (+/- 3.01) (+/- 2.30)
i
Shrub/Scrub Low Vegetation / 7 84 90
(+/- 6.21) (+/- 5.25)
Forest Land Pine / 8 89 93 II
Hardwood / 10 (+/- 2.51) (+/- 2.10)
Mizxed / 11
Wetland Bottom HDWD /9 89 88
Riverine / 14 (+/- 3.15) (+/- 3.25)

Evergreen / 15
White Cedar / 16
Low Pocosin / 17
Low Marsh / 18
High Marsh / 19

Barren Land Sand / 20 100 73
) (+/- 29.5)

A* - Percent probability that an area which is actually in class N has been classified
as class N on the image; "Producers accuracy”.

B** - Percent probability that an area which has been classified as class N on the
image actually is class N; "User's accuracy”.
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Appendix D

Albemarle-Pamlico Study Area
Forest Land Information - Forest Inventory and Analysis Data

The following tables and data depicting the status and recent trends of the forested wetlands of the
A/P Study Area were drawn from data taken in the Sth and 6th surveys conducted by the Forest
Inventory and Analysis Research Unit (FIA). This Research Unit, based in Asheville, North Carolina
is a part of the Southeastern Forest Experiment Station of the US Forest Service. The primary
objective of the FIA survey is to periodically inventory and evaluate all forest and related resources for
the Southeastern States (VA, NC, SC, GA, and FL). Similar units working out of other Experiment
Stations are responsible for the rest of the country.

This activity began in 1933 and has been repeated roughly each decade until 1984 when the cycle
was reduced to 6 years. Basically the data are drawn from 24,658 forest and 24,807 non-forest
permanent ground cluster plots. Since the beginning each successive survey has increased in statistical
sophistication, and in the quantity and kind of data taken. Today data are taken on not only the
merchantable volume of timber species but upon total biomass of all vegetated strata by species and
frequency, and wildlife habitat data. Many non-timber attributes are collected at each sample location.

The 1990 or Sixth Survey for North Carolina was based upon the classification of 128,322 sample
clusters systemically spaced and superimposed upon the latest available aerial photographs. Each
sample is a systematic grid of 16 points, and each point is used for photo interpretation. A subsample
of 9612 of the 16 point clusters was ground checked, and a linear regression was fitted to the data to
develop the relationship between the photo and ground classification of the subsample. The procedure
provides a means for adjusting the initial estimates of areas for change in land use since date of
photography and for photo misclassification. Measurements of timber volume, classification of
vegetation, and forest type, and other area attributes were recorded at 5692 on-site sample locations.
Ownership information was collected from correspondence, public records, and local contacts. In
those counties where the sample missed a particular ownership class, temporary samples plots were
added.

All Timberlands, APES Area

Timberland as used herein means "lands at least 16.7 percent stocked by forest trees of any size, or
formerly having had such tree cover, not currently developed for non forest use, capable of producing
20 cubic feet or industrial wood per acre per year and not withdrawn from timber production by
legislative action.”

Survey sample data, drawn from such timberland were processed for the 2870 plots which were
located in the 47 county area of North Carolina and Virginia which comprise the APES region.
Estimates of total timberland area in the APES area has a sampling error of 0.34 percent in terms of
one standard error of estimate. Sampling error of course increases for estimates of area of each
smaller subset of conditions. The following tabular information titled "Timberland Area” is drawn
from analysis of these data.

Possible Wet Timberlands, APES Area
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All timberlands are assigned to one of thirteen physiographic classes based upon soil moisture and
drainage, topography, aspect, and soil characteristics. Of these classes in the APES area eight have the
potential to include wetlands. The definition of these eight physiographic classes follows:

Flatwoods - Flat or fairly level sites outside the floodplains of rivers and streams. Excludes deep
sands as well as wet, swampy sites.

Narrow Floodplains - Floodplains less than 1/4 mile in width along rivers and streams. Consider the
floodplain on both sides of the stream in determining the width. These sites are normally well
drained but are subject to occasional flooding during periods of heavy or extended precipitation.
Includes associated levees, benches, and terraces within a 1/4 mile limit. Excludes swamps and
sloughs with year-round water within the 1/4 mile limit,

Broad Floodplains - Floodplains 1/4 mile or wider along rivers and streams. These sites are normally
well drained but are subject to occasional flooding during periods of heavy or extended precipitation.
Includes associated levees, benches, and terraces. Excludes swamps and sloughs with year-round
water.

Other Mesic - All moderately moist physiographic sites not described.

Deep Swamps - Low, wet, flat forested areas, usually quite large in extent, which are flooded for long
periods of time except during periods of extended drought. Soil and moisture conditions are generally
quite favorable for forest growth of selected species. Excludes cypress ponds and small drains.

Small Drains - Narrow, streamlike, wet strands of forest land often without a well-defined stream
channel. These areas are poorly drained or flooded throughout most of the year except during periods
of extended drought, and drain the adjacent, higher ground.

Bays and Wet Pocosins - Low, wet, boggy sites characterized by peaty or organic soils. May be
somewhat dry during periods of extended drought.

Other Hydric - All other hydric physiographic sites. Includes cypress ponds and other hydric
conditions not described by other classes.

Of these eight physiographic forest types four, Deep Swamps, Small Drains, Bays/Wet Pocosins,
and other Hydric are clearly, by any rational definition, wetlands. They may or may not be
"jurisdictional wetlands”, but they are forest habitats wherein a surplus of water, surface or subsurface,
plays a dominant role in the formation and perpetuation of the various layers of vegetation. The
remaining physiographic classes Flatwoods, Broad Flood Plains, Narrow Flood Plains, and other Mesic
are less clear cut. This is particularly true of the Flatwoods.

To estimate the portion of these timberland types which are likely to be wetlands a process was
developed by the FIA Unit in Asheville to screen the plot data drawn from such types in the APES

area. The screening process to identify the "possible wet" acres within these timber types is as
follows:

1. All plots with the physiographic class of deep swamp, small drain, bay and wet
pocosin, or other hydric were identified as "possible wet".

Critical Areas - 111



2. All North Carolina plots drawn from the physiographic classes of broad flood plain
or narrow flood plain which had a forest type classification of loblolly pine, pond
pine, oak-pine, oak-gum-cypress, elm-ash-cottonwood, or maple-beech-birch were
identified as "possible wet".

3. Any flatwood or other mesic plot where:

(a) obligate wetland species exceed 50 percent of the stocking or,

(b) both facultative wet and obligate wet species together exceed 50
percent of the stocking or,

(c) facultative and wetter species accounted for more than 50 percent of
the stocking and there was the presence of surface water or the site
was judged to exhibit conditions which limited forest operations due to
soil moisture; during sometime of the year, not necessarily the growing
season, was identified as "possible wet".

Samples with a humus depth of greater than 9 in. were classified as hydric. Other soils data
collected in FIA samples usually are inadequate to determine the presence of hydric soils and were
disregarded in the screening process.

The estimates are conservative since small stand conditions less than 1 acre, narrow strands of trees
less than 91 feet wide, and some forest such as National parks are not sampled.

While there is clearly opportunity for error in this approach the results are a reliable broad brush
estimate of the status of forest land which may be functioning in a wetland role and their very recent
trends in the APES area. :

The tabular data entitled "Possible Wet" represent the results of this screening process. Complete
print out of the FIA data for the APES area for all timberlands and "possible wet" for the 1984 and
1991 surveys, each consisting of 81 tables, are available at the APES Office, 225 North McDowell
Street, Raleigh, North Carolina 27603. The telephone number is 919-733-0314.

Additional information on the FIA program may be obtained from Noel Cost of the FIA staff in

Asheville at the Southeastern Forest Experiment Station, Forest Inventory and Analysis, 200 Weaver
Boulevard, Asheville, NC 28804. The telephone number is 704-257-4350.
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POSSIBLE WET TIMBERLANDS
ALBEMARLE - PAMLICO STUDY AREA
PHYSIOGRAPHIC CLASS BY OWNERSHIP

_—
PHYSGRAPH | PUBLIC FOREST OTHER ALL
CLASS IND. PRIVATE OWNSHP
1984 1990 1984 1990 1984 1990 1984 1990 ||
|}
Deep Swamps 27,198 20,903 33,119 29,964 165,807 142,379 226,124 193,246
Broad Flood 5.568 24,064 44,984 52,728 134,305 135,218 184,857 212,010
Plains
Narrow Flood 6,963 9,119 51,825 44,722 577,965 496,260 636,753 550,101
Plains l
Flatwood and 24,464 28,981 314,063 | 365971 691,591 818,594 1,030,118 1,213,546
Dry Pocosins
I
Bays and Wet 138,137 211,973 90,038 56,971 329,113 243,723 557,288 512,667 F
Pocosins )
Other Misc. 9,129 17,623 17,690 32,343 68,429 99,274 95,248 149,240
Classes
TOTAL 211,459 312,663 551,719 | 582,699 1,967,210 | 1,935448 2,730,388 | 2,830,810

Note:

(1)Although only 10.9 percent of the total is in public ownership over 41 percent of the bays and wet pocosins which support
timberland are in public ownership.

(2)The extremely large shifts of acreage both within and between classifications is probably due to sampling error and to changes in
identification more than to actual increase or decrease in timberlands.

(3)Descriptions of physiographic classes may be found on page ___ of this appendix.
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POSSIBLE WET TIMBERLANDS
BROAD MANAGEMENT CLASS BY OWNERSHIP
ALBEMARLE - PAMLICO ESTUARINE STUDY AREA

Acres By Class By Survey Year

OWNERSHIP PINE | NATURAL | OAK-PINE UPLAND | LOWLAND ALL
PLANTATION PINE HRDWOOD | HRDWOOD | MNGMENT
CLASSES
PUBLIC II
1984 5,369 80,318 33937 4,520 87,315 211,459 “
1990 1,567 32,260 33,129 1,729 143,978 312,663 ||
FOR. INDUSTRY |
1984 146,058 117,615 33,677 31,144 223,225 551,719
1990 197.677 83,864 47,833 35,398 217,927 582,699
OTHER PRIVATE
1984 42.637 372,262 206,677 193,207 1,152,427 1967210
i 1990 96.399 287,796 238,140 214,662 1,098,451 1,935,448
ALL OWNERSHIP ||
1984 194,064 570,195 274,291 228,871 1,462,967 2,730,388 JI
1990 295.643 403,920 319,102 251,789 1,460.356 2,830,810

POSSIBLE WET TIMBERLANDS
ALBEMARLE - PAMLICO ESTUARINE STUDY AREA
OPERABILITY CLASS

OPERABILITY CLASS TIMBERLAND AREA (acres) 1984 TIMBERLAND AREA (acres) 1990 II
Seasonal Water ' 1,065,178 1,118,410
Mixed Wet & Dry 2 52,174 48,229
Year Round Water * - 312,736 315,704
Total 1,430,088 1,482,343

1. Limited to seasonal use due to water conditions in wet weather.

2. Mixed wet and dry areas within forest condition typical of multi-channeled
streams with intermixed dry areas or islands.

3. Adverse operating conditions caused by year round water problems.
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POSSIBLE WET TIMBERLANDS
ALBEMARLE-PAMLICO SOUND STUDY AREA

Acres’ Treated or Disturbed Annually

Fm
Treatment or 1984 1990
Disturbance Acres Acres
Final Harvest 56,393 81,839
Partial Harvest ** 13,020 6,158
Commercial Thinning 2,755 4,811
Other Stand 3,170 1,524
Improvement
Site Preparation 28,750 37,227
Artificial *** 22,594 29,669
Regeneration
Natural]  *** 21,677 43,488
Regeneration
Other Treatment 5,533 7,952
Natural Disturbance 37.899 33,235

—

Many acres experience more than one treatment or disturbance during a remeasurement
period, E.G., final harvest, site preparation, artificial regeneration, hence the individual
treatments or disturbances are not totaled.

Includes high grading and some selective cutting.

Includes establishment of trees for timber production on forest and nonforest land.
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POSSIBLE WET FIA DATA
ALBEMARLE-PAMLICO STUDY AREA
PERCENT SAMPLING ERROR

r=======———_=====
CATEGORY 1984 1990
Deep Swamps 199 2.15
Broad Flood Plains 220 205
Narrow Flood Plains 1.19 1.27
Flatwoods and Dry 0.87 0.86
Pocosins
Bays and Wet Pocosins 1.27 1.32
Other Mesic and 3.04 2.44
Hydric
Softwood Plantations 2.15 1.73
Iljaturd Pine 1.25 1.33
Oak Pine 1.81 1.67
Upland Hardwood 1.98 1.88
Lowland Hardwood 0.78 0.78
i Seasonal Water 091 0.89
Mixed Wet and Dry 4.14 429
Year Round Water 1.69 1.68
All of Above 0.79 0.77
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ALBEMARLE-PAMLICO ESTUARINE STUDY AREA
SUMMARY STATISTICS

e ———y
CATEGORY 1984 1990 | % CHANGE
1984-1990
All Timberlands 7,739,628 7.697,488 -0.5
All Possible Wet Timberlands 2,730,388 2,830,810 +3.6
Aﬁ };ine Plantations 1,072,442 1.422,340 +32.61|
All Possible Wet Pine Plantations 194,064 295,643 +52.3 |
All Natural Pine 1,889,188 1,668,983 -11.6
All Possible Wet Natural Pine 570,195 503,920 -11.6
All Oak-Pine 1,045,537 1,086,923 +39
All Possible Wet Oak-Pine 274,291 319,102 +16.3
All Upland Hardwood 2,036,741 1,870,657 -8.1
All Possible Wet Upland Hardwood 228,871 251,789 +10.0
All Lowland Hardwood 1,695,720 1,648,585 -2.8
All Possible Wet L.owland Hardwood 1,462,967 1,460,356 -0.2
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A. WATER QUALITY ISSUE IDENTIFICATION

A. 1. Freshwater Drainage and Estuarine Circulation

There are five major hydrologic pathways by which water and chemical constituents can enter the
Albemarle-Pamlico (A/P) system. These pathways are (1) atmospheric deposition, (2) direct discharge of
waste materials into the estuary, (3) inflow through tidal inlets, (4) groundwater discharge to the system,
and (5) surface drainage via tributaries and runoff. Within the estuaries, physical and chemical
transformations also occur that may effectively remove certain constituents from the water or may release
substances which were previously biologically unavailable.

The primary focus of this section is surface drainage of freshwater into the Albemarle-Pamlico system.
Riverine inflows and local, or nonpoint-source, inputs from lands surrounding the estuarine waters are
discussed separately. Surface drainage processes are physically linked to hydrologic-transport mechanisms
within the estuaries -- mechanisms which affect essentially all of the physical and chemical processes and
many of the biological processes occurring in the sounds. Consequently, discussion of estuarine
transport, particularly the mixing of fresh and brackish water, in the context of surface drainage, is also
warranted.

Groundwater discharge directly into the estuaries and tidal exchange through inlets are important
hydrologic processes affecting Albemarle-Pamlico water quality, however, there is essentially no available
information on these processes for the system. A Sea Grant study currently underway in Oregon and
Ocracoke Inlets may provide this information (Dr. L.J. Pietrafesa, NC State University, Personal
Communication), however, the discussion of groundwater contributions to the Albemarle-Pamlico System
and of tidal exchange through the inlets in this presentation is quite limited. Atmospheric deposition of
chemical constituents is discussed in Section A.2. Metals and toxins are discussed in A.3. Sediments are
discussed in A.4. Information on point source discharges is presented in Section A.5.

A. 1. a. Riverine Issues. Maintenance of an acceptable level of estuarine water quality is dependent,
to a large extent, upon the quality of the inflowing rivers. Rivers supply the estuary with freshwater,
nutrients, sediment, and other substances. The proper balance of riverine inputs and ocean water
produces a setting which is favorable for living resources. Estuarine water quality management must
involve knowledge and management of these riverine inputs.

Freshwater is the most important product that upland rivers supply to the estuary. Temporal
variations in riverine inputs determine the spatial patterns of salinity and water density in the estuary.
These, in turn, control the longitudinal patterns of distribution of plants and animals, the vertical
patterns of dissolved oxygen, and other important characteristics of the estuary. Water transports, in
solution, in suspension, and along the stream bed, a variety of substances that govern estuarine water
quality. There are several important issues related to riverine freshwater inputs and sound water quality
management. Some of these issues have been addressed to the extent that current information is useful
for management decisions:

1 The seasonal and geographic distributions of freshwater inflows to the estuaries are important
for determining constituent loadings, evaluating water budgets, estimating the duration and
extent of salinity intrusion, managing the fishery resource, etc.

2. Information on the relation between upstream river flows and the potential for the occurrence

of estuarine algal blooms may be used for variable-discharge permitting of point-source
discharges.
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3 An understanding of the relation between river flow and inputs of sediments and chemical
constituents is important for managing upstream inputs and estuarine wasteload allocations.
Infrequent, high-flow events, in particular, may remove large amounts of sediment and
associated constituents from storage in the rivers and transport them into the estuaries.
(Simmons 1988)

4. Flow diversion and management of reservoir releases are significant issues in the Roanoke and
Neuse River basins. The existence of major reservoirs in those basins offers possibilities for
flow regulation to enhance water quality and fishery resources if the relationship between flow
and other processes are well established.

5. Watershed modeling has been attempted in the Chesapeake basin. This capability may allow
the evaluation of the cumulative effects on the estuaries of upland land-use conversions and
land management strategies. Physical and chemical modeling of rivers would also be required
to link upland surface drainage processes to estuarine inputs.

A. 1. b. Local Drainage Issues. The Albemarle-Pamlico estuarine system has an extensive shoreline.
Lands along this shoreline support a number of uses including agriculture, silviculture, residential and
urban development, and marina operations. Investigations over the last 15 to 20 years have established
that drainage from urban and agricultural lands can significantly contribute to the degradation of rivers
and streams (Paerl 1983).

Tributary freshwater inflow rates can exert a direct influence on Albemarle-Pamlico water quality,
apart from chemical constituents carried by the inflows. For example, the increase of low flows from the
Roanoke River above natural conditions has apparently resulted in a decrease in the magnitude and
frequency of saltwater intrusion into western Albemarle Sound (NC Division of Environmental
Management 1982). The decrease in saltwater intrusion may, in turn, have resulted in an increase in
nuisance algal blooms in the area (NC Division of Environmental Management 1982). This relation has
been documented by Christian et al. (1986) who showed that the occurrence of blue-green algal blooms
in the Neuse River estuary was directly related to Neuse River flow rates.

Much of the land surrounding the Albemarle-Pamlico estuary must be drained to accommodate
agriculture, silviculture, and other types of development due to a naturally high water table, relatively
high rainfall (between about 50 and 55 inches per year, depending upon location), and the flat terrain of
the region. More than 20 miles of field ditches, collector canals and main canals are typically present in
each square mile of agricultural land (Heath 1975; Daniel 1978). The ditches, designed to remove runoff
from a 2 inch rainfall within 24 hours (Heath 1975), may increase the rate and volume of runoff (Skaggs
et al. 1980; Daniel 1981).

There is some argument about long-term and undesirable decreases in salinity of the tidal creeks and
bays resulting from the increased drainage. Sholar (1980), for example, estimated that salinity in
northwestern Pamlico Sound decreased at an annual rate of about 0.2 ppt between 1948 and 1980. On
the other hand, between 1968 and 1986, Stanley (1988b) detected a slight increase in surface salinity near
the mouth of the Pamlico River and a decrease of about 0.13 ppt per year in the bottom salinity near
the mouth. Most of these changes appear to have occurred between 1968 and 1975.

In contrast to the estuaries of Texas and California, in which hypersaline conditions often exist, parts
of the Albemarle-Pamlico estuarine system appear to be affected by excessive rates of freshwater inflow,
especially during the spring. For example, Pate and Jones (1981) linked the impairment of nursery area
function to high freshwater inflow rates associated with artificial drainage ditches. Important issues
concerning local drainage of freshwater into the estuaries include the following items:
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1. Rate measurements, including temporal and spatial variations, of freshwater drainage from
various land uses around Albemarle-Pamlico waters are required for many of the same reasons
that riverine inflows are needed. The effect of land use, artificial drainage, channelization, and
water-control practices on drainage to estuarine waters will allow better informed management
of land use conversion activities and management of existing drainage systems.

2. Effects of freshwater drainage, from both altered and natural areas, on the salinity regime of
receiving waters may be used to evaluate the effect of existing drainage outlets, to manage
pumped-drainage systems and to better protect important nursery areas.

3. Identification of lands and nursery areas of significance and areas which would suffer major
adverse effects from drainage activities, along with a solid basis from which to evaluate the
effects of drainage on receiving waters, is also vital to the protection of aquatic living
resources.

4. If areas of ecological or economic significance are found to be adversely affected by drainage
activities, mitigation of the effects or restoration of altered lands may be an option.
Information on expected benefits of such mitigation/restoration activities, plus the cost of
mitigation/restoration, will allow more informed decisions to be made.

S. Effects of a single land use conversion or drainage activity within a small area on receiving
waters are certainly difficult to quantify. Yet, management decisions require information on
the net, or cumulative, effect of numerous small, individual changes on overall receiving water
quality.

6. Global climate change and the related sea-level rise are topics of intense scientific speculation
and discussion. Because of the low elevations and flat terrain of the Albemarle-Pamlico
shoreline, sea-level rise would have a dramatic effect on the entire estuarine system, including
freshwater drainage processes.

In Back Bay, Virginia, there has been concern over the local (and usually short-term) effects of the
saltwater pumping operation at Little Island, a project that was designed to have counteracted the effects
of the construction of a line of dunes (the dunes have successfully prevented overwash events form
occurring for nearly 20 years, and so have altered the salinity of Back Bay). A significant saltwater
plume, however, was produced, the adequate dispersion of which was dependent upon wind-driven tides,
and the flushing regime of the Bay was altered. Operations of the station were recently brought to an
end in the midst of much controversy over the desired character of the waterbody.

A. 1. c. Estuarine Transport Issues. Riverine inflows and local drainage waters are mixed by
hydrodynamic and transport processes within the estuary. These processes also directly or indirectly
affect, among other things, the re-suspension, transport, and deposition of sediments, advection and
mixing of dissolved substances, exchange of oxygen and volatile organics across the air-water interface,
the formation and movement of algal blooms, and the movement of the larval stages of several fish and
shellfish species.

In general, estuarine transport rates cannot be determined directly except over a small area for a
short period of time. The usual procedure is to measure tidal elevations, wind speed and direction,
inflow rates, and the upstream and downstream salinity variation over time. These data are utilized,
along with information about bathymetry, to compute transport rates throughout some region of interest.
Short-term measurements of velocity fields may be used to insure that the computations provide
reasonable results for the conditions under which the measurements were made.
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A. 1. d. Availability of Information. Williams et al. (1973) stated, "Bits of information on currents,
salinities, temperatures, effects of storms, and other events (including engineering projects) are scattered
widely in the literature, from historical narratives to modern scientific papers, but effective physical
description of these bodies of water has seldom been accomplished.” This 18-year-old statement about
the Albemarle-Pamlico system is still generally true. Most of the existing data for the Albemarle-
Pamlico estuarine system is, by virtue of the objectives and methods of the data collection, more suited
for analysis of processes occurring under a particular set of circumstances than for use in the assessment
of temporal and spatial trends. Bales and Nelson (1988) compiled a bibliography of works concerning
hydrology and water quality in the Albemarle-Pamlico region, which is useful for identifying available
data.

Freshwater inflows to the Albemarle and Pamlico sounds are gaged by the US Geological Survey
(USGS). Ragland et al. (1987) summarized the existing USGS stream-gaging network in North Carolina,
however, most of the gaging stations are located well upstream of the mouths of the Albemarle-Pamlico
tributary rivers. Flow from about 63% of the 4,940 square-mile Roanoke River basin is measured; flow
from only about one-half of the 4,300 square-mile Tar-Pamlico River basin and the 5,600 square-mile
Neuse River basin is gaged. In addition a few of the smaller tributaries to the sounds are gaged, but in
general, freshwater inflow rates to the Albemarle-Pamlico system are not well defined.

Based on frequency curves for annual mean discharge (Wilder et al. 1978) of the Blackwater,
Roanoke, Tar, and Neuse Rivers, there is a 50% chance that annual mean flow in any year will be 0.8
cfs/sq mi or less in the Blackwater and Roanoke Rivers. The comparable flows for the Neuse and Tar
Rivers, on the other hand, are about 1.05 cfs/sq mi. Low flow frequency values were similar for all
streams except the Roanoke (Wilder et al. 1978). Natural flows in the Roanoke are augmented by
releases from Kerr and Gaston Reservoirs. During 30-day, 10-year low flow conditions (flows which are
not exceeded for 30 consecutive days and occur, on the average, once every 10 years) about 75% of the
total inflow to the Albemarle-Pamlico estuarine system consists of flow from the Roanoke River basin,
which constitutes only about 48% of the total Albemarle-Pamlico drainage basin.

Historical tidal-elevation records exist for numerous sites around the Albemarle-Pamlico estuarine
region. A synoptic array of tidal-elevation gages was installed along the Pamlico and Neuse Rivers during
February 1988 by the US Geological Survey (Figure III-1) and in Albemarle Sound in 1990. US Army
Corps of Engineers’ (COE) needs are typically project-specific and, as a consequence, COE gages tend to
be short-duration installations. Short-duration historical records also exist from numerous National
Ocean Service (NOS) gages in North Carolina. Chronologies of COE and NOS tidal-elevation stations
are available. About 6 years of record for eight sites located on the Chowan River are also available for
the late 1970s and early 1980s (Daniel 1977). In addition, tidal-elevation data, with periods of record on
the order of months, have been obtained by other researchers, such as Pietrafesa et al. (1986). Useful
publications for tidal information include the following tide tables published annually by the US
Department of Commerce: NOS publications "Index of Tide Stations, United States of America and
Miscellaneous Other Locations", "Sea Level Variations for the United States 1985-1980 (Annual
Revision)", "Products and Services Handbook", Ho and Tracey (1975), Harris (1981) and Ebersole (1982).

By contrast, there have been relatively few measurements of tidal velocity in Albemarle-Pamlico
estuarine waters. One potential difficulty with utilizing much of the available velocity data is that
important ancillary information, such as tidal stage, salinity, and wind field, were not obtained in
conjunction with velocity measurements. Several sets of velocity measurements have been taken at
Oregon Inlet and Ocracoke Inlet (Giese et al. 1985). These COE data typically were taken at various
times throughout a single tidal cycle. One set of velocity data was collected at Hatteras Inlet during
flood flow.

Dye releases for the measurement of time of travel have been made in the Chowan River (Daniel
1977), the Neuse River (Woods 1969; Christian et al. 1986), and the Pamlico River (Horton et al. 1967).

~
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Instantaneous discharge measurements were made in the upper reaches of the tide-affected portion of
the Chowan River (Jackson 1968). Longer term velocity data were obtained from seven recording
velocity meters that were moored in the Neuse River for 38 days (Knowles 1975). Perhaps the most
comprehensive set of hydrodynamic data were obtained from seven moored, recording velocity meters,
two tidal-elevation gages, and five thermographs located near Oregon Inlet (Singer and Knowles 1975).

Salinity is physically linked to the flow field by the pressure gradients generated from the salt
distributions, yet, salinity has typically been measured as a conservative tracer (i.c., without regard to
flow conditions), which renders the data of little use for assessing transport processes. In addition,
salinity fluctuations are so rapid, great, and erratic that samples collected at monthly, or even daily,
frequencies may only be suitable for obtaining seasonal trends.

Giese et al. (1985) provided a detailed analysis of historical data on saltwater intrusion in Albemarle-
Pamlico tributary rivers. Summaries of Albemarle-Pamlico estuarine system salinity data have been given
by Marshall (1951), Roelofs and Bumpus (1953), Hobbie (1970b), Schwartz and Chestnut (1973),
Williams et al. (1973), and Sholar (1980). Salinity distributions were observed in Albemarle Sound and
the Chowan River for several months in 1981 and 1982 and have been reported, along with estimates of
the frequency of occurrence of various salinities in Albemarle Sound (NC Division of Environmental
Management 1982). Based on several years of observations, Wilder et al. (1978) developed cumulative
frequency curves of specific conductance for sites on the Pasquotank, Perquimans, Chowan, Scuppernong,
Pamlico and Neuse Rivers, and Albemarle Sound. Singer and Knowles (1975) obtained some vertical
profiles of salinity with their velocity data measured near Oregon Inlet.

Despite the polymictic nature of the Albemarle-Pamlico estuarine system, periodic vertical salinity
and/or thermal stratification occurs (on an hourly to daily basis) and occasionally persists for days or
weeks in the central basins and main stems of tributaries and estuaries (Matson et al. 1983; Paerl et al.
1984). Significant hypoxia/anoxia can accompany stratification and salt wedges which may extend up into
ordinarily highly productive meso- to oligohaline segments of slow-moving rivers (Chowan, Pamlico,
Neuse). During these events deposited organic matter is entrained and rapidly decomposed and
converted to inorganic nutrients (including phosphates and ammonia) in hypolimnetic, near-bottom,
saline waters. Salt wedges are not permanent features; hence, regenerated inorganic nutrients are
eventually redistributed and assimilated by photosynthetic primary producers throughout the shallow
water column.

Giese et al. (1985) used long-term records at the downstream-most gaging stations and drainage-area
ratios to develop a gross monthly water budget for Albemarle and Pamlico Sounds (Tables I-3 and I-4).
Pietrafesa et al. (1986) also developed a gross monthly water budget for Pamlico Sound, which is similar
to that of Giese et al. (1985). Likewise, a similar water budget was also developed for Albemarle Sound
by the NC Division of Environmental Management (1982).

For the period 1970-1988 Harned and Davenport (1990) found a statistically significant increase in
salinity in the upper Pamlico River, in the central portion region of Albemarle Sound, and in the
Pasquotank River. A decline in salinity was found in the lower Pamlico River. No statistically
significant trend in salinity was found elsewhere in the Albemarle or Pamlico sounds or tributaries. Data
from National Weather Service meteorological stations are published monthly in the National
Oceanographic and Atmospheric Administration (NOAA) report "Climatological Data -- North Carolina"
and are stored at the National Climatological Data Center in Asheville, North Carolina. Meteorological
data are also recorded at the Cherry Point Marine Corps Air Station (MCAS) and at several of the US
Coast Guard stations in the region. USGS is measuring windspeed and direction at three open water
sites in support of hydrodynamic modeling activities. Analysis of long-term meteorological data has been
provided by, among others, Carney and Hardy (1967) and Pietrafesa et al. (1986).
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A. 1. e. Extent and Status of Understanding. The hydrology of the Albemarle-Pamlico Estuary,
particularly the wetlands and artificially drained lands, is quite complex. Moreover, the natural hydrology
of much of the region has been altered by construction of vast networks of drainage ditches and canals
(Heath 1975). It had been speculated that artificial drainage activities would not significantly alter the
annual water budget (Heath 1975); the primary effect, it was assumed, would be a slight increase in
surface runoff as a result of a lowering of the water table. Indeed, recent investigations reveal that
annual surface runoff from drained agricultural lands in the Albemarle-Pamlico region exceeds runoff
from undisturbed lands by about 10% (Skaggs et al. 1980; Daniel 1981; Gilliam et al. 1985). This
increase in runoff was attributed to the difference in evapotranspiration rates between agricultural and
natural lands (Gilliam et al. 1985).

The effect of artificially drained systems on runoff from individual events is apparently more
pronounced than changes in the annual water budget (Skaggs et al. 1980; Daniel 1981; Gregory et al.
1984). Peak outflow rates tend to occur sooner and be of greater magnitude on lands with man-enhanced
drainage than on natural lands (Skaggs et al. 1980; Gregory et al. 1984).

Some results from investigations in the Coastal Plain of the effects of stream channelization on flows
and the lowering of water tables may be extrapolated to describe changes that might occur because of
artificial drainage. Both maximum and minimum rates of flow are typically more extreme as a result of
channelization (Figure III-2), but the total annual runoff volume appears to change very little from
natural conditions (Winner and Simmons 1977; Gregory et al. 1984). Lowering natural water tables by
artificial drainage also reduces recharge to the deep aquifers; thus, saltwater encroachment into the deep
aquifer, which is a continuing process, may be increased (Heath 1975).

"Drainage density" is the ratio of total length of all stream segments in the basin to the basin area.
Drainage density indicates the efficiency with which water is removed from an area by surface runoff.
Drainage densities are about 2.5 miles per square mile for the Piedmont and about 1.5 miles per square
mile for undisturbed Coastal Plain lands (Heath 1975). By comparison, artificial drainage systems in
lands between Albemarle and Pamlico Sounds typically have about 20 miles of channel per square mile
of basin. There is some argument about whether artificial drainage has resulted in long-term and
undesirable decreases in salinity of receiving waters. It has been estimated that freshwater drainage from
the Albemarle-Pamlico peninsula accounts for about 6% of the inflow to Albemarle Sound and about
8% of the inflow to Pamlico Sound (Heath 1975). Consequently, drainage activities probably do not
significantly affect overall salinities in the sounds. Artificial drainage does, however, under certain
meteorological conditions, result in changes to the salinity regime in small tidal creeks and bays (in many
cases the end points for drainage canals) (Overton et al. 1988).

In addition to carrying fresh water to the sounds, drainage ditches and canals also act as conduits for
the upstream movement of brackish water. Because the bottoms of many ditches and canals are below
sea level, estuary water may move inland, particularly during periods of low freshwater runoff. Many
low-lying areas, which were once agriculturally productive, have become contaminated by salt as a result
of the movement of salt water inland through the canals. The onset of the anticipated increase in the
rate of sea-level rise will likely focus greater attention on this process. Water control structures placed
in drainage ditches aliow the land user to exert some control over the level of the water table in fields.
This process can result in more efficient drainage and may improve water quality draining to receiving
waters. Two studies, currently underway, should result in better understanding of the effects of water-
control structures on off-site water quality (Dr. Wayne Skaggs, NC State University; Dr. Jerad Bales, US
Geological Survey).

There have been several efforts to investigate various aspects of artificial drainage and salinity
changes in receiving waters. In a study of tributary tidal creeks to South River, Kirby-Smith and Barber
(1979) found that drainage from Open Ground Farm sometimes decreased surface salinities, but that the
bottom salinities were unaffected. Drainage from Mattamuskeet Canal lowered surface salinities in the
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upper portions of Rose Bay (Gilliam et al. 1985), but salinity at the mouth of Rose Bay appears to be
controlled by wind-induced circulation and tidal exchange processes. Salinity in Broad Creek changed in
response to the changing availability of freshwater, a product of winds pushing saltier water away from
the canal (Overton et al. 1988). The effects of freshwater drainage and the associated salinity changes
on the living resources of nursery areas are not entirely clear.

Controlled drainage affects both nitrate and phosphorus losses from agricultural fields. Nitrate export
is reduced by as much as 50% when a high water table is maintained in the field by placing a control
structure across the field ditch outlet. This reduction is due to a greater opportunity for denitrification
(which occurs in anaerobic environments) in a saturated soil profile (Gilliam et al. 1978). While nitrate
export may be decreased by controlled drainage, losses of organic nitrogen may be increased, and organic
nitrogen is less biologically available than nitrate (Gilliam et al. 1985). On the other hand, because
there is less water storage capacity in the more saturated soil, surface runoff and associated sediment and
phosphate loads may be increased with the use of drainage control, especially in comparison to fields
with well-drained soils or with good subsurface drainage systems.

Improved subsurface drainage may be the most effective method for reducing peak outflow rates in
drainage ditches (Gilliam et al. 1985). Water is stored in the soil and is released slowly by
evapotranspiration and/or lateral movement to drainage ditches. Recent results indicate that total
nutrient export from agricultural fields is affected more by the drainage outflow volume than by the type
of drainage system present in the field (Evans et al. 1987).

A cooperative investigation of the off-site effects of water control structures on the flow and water
conditions of canals in Hyde County is currently being undertaken by the US Geological Survey and NC
Division of Environmental Management (Dr. Jerad Bales, US Geological Survey; Personal
Communications). Preliminary data indicate that fresh water may be released more slowly from ditches
controlled by tidegates than from uncontrolled ditches (Figure III-3). Mean salinity in the tidegate
controlled canal was 3 ppt. compared with a mean of roughly 5 ppt. of adjacent canals under
uncontrolled conditions. Salinities of greater than 18 ppt. were observed in the uncontrolled Hyde
County canals (Treece and Bales, 1990). There is widespread recognition that additional assessment of
off-site effects of water control structures is needed. The Albemarle-Pamlico Estuarine Study Work Plan
accorded high priority to the need to evaluate "best management practices” in coastal situations. Proper
implementation of control strategies will depend on these types of evaluations. It is of equal priority to
gain an understanding of the off-site effects of agricultural water management. "Research in this area
[off site effects] needs to be significantly increased if we are to be successful in designing and managing
systems to satisfy both agricultural and off site objectives” (Skaggs, 1987).

A. 2. Nutrients

A. 2. a. Futrophication. Nutrient loading is the process that usually controls the rate at which
primary production increases in water bodies. Eutrophication is the process by which excessive nutrient
loading causes an array of symptomatic changes in a water body among which are high rates of primary
production and high levels of algal biomass. From a management perspective, eutrophication is
frequently equated with the rate at which fertility increases and the manifestation of such increases in
terms of water quality. Primary production is the biochemical conversion of inorganic carbon (CO,) into
organic matter, a process mediated by photosynthetic and chemosynthetic microorganisms and higher
plants in aquatic ecosystems. In essence, this process represents the initial input of organic matter at the
base of the food chain, supporting all higher ranked consumers of organic matter, ranging from simple
heterotrophic bacteria and fungi to invertebrates, fish and, ultimately, man.
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Eutrophication in and of itself should not a priori be construed as an undesirable process.
Limnologists, marine biologists and ecologists recognize this process as a natural phenomenon in aquatic
ecosystems (Ruttner 1963; Vollenweider 1968; Likens 1972a; Wetzel 1975). Due largely to human
interference with this process, events have led to undesirable (often termed "cultural”) eutrophication.
Eutrophication is the ominous process frequently associated with perceptible water quality degradation
(Hasler 1947; Likens 1972b).

Primary production is regulated by the fundamentally important physical and chemical factors of: (1)
photosynthetically available light, (2) water circulation, (3) temperature and (4) nutrients. A variety of
secondary factors, including biological and geochemical nutrient regeneration, biological fixation, and
conversion of essential nutrients, also play roles in mediating primary production rates. This secondary
set acts on nutrients once they have already been discharged into a system and accordingly reflects the
productive, or trophic, characteristics. It is the set of primary factors which most directly determine
eutrophication trends. Of those factors nutrients are most critical, for it is the chronic (and, in the case
of highly polluted systems, acute) nutrient loading characteristics that invariably determine eutrophication
and trophic characteristics of receiving water bodies. Physical factors, such as light and temperature
regimes, morphometry, water residence time, and vertical-horizontal circulation all reflect geological and
climatological/latitudinal conditions which, over time, fluctuate slowly relative to nutrient inputs. A flow
diagram depicting the diagrammatic relationships in an ecosystem is given in Figure III-4.

Eutrophication is a natural process of ecosystem "aging", where chronic nutrient loading results from
combined erosional, hydrological, and terrestrial biogeochemical processes in a watershed, and leads to
gradual accumulation of biologically-available nutrients in sediments and the water column. Human
activities in watersheds have, in many cases, changed nutrient loading patterns and characteristics by
altering the above-mentioned processes (Beeton 1965; Schelske and Stoermer 1971; Schindler 1974,
1977).

Specific problem areas involving anthropogenic nutrient/sediment inputs that contribute to accelerated
eutrophication include:

1. Land Use. Activities which have, over the past two decades, been shown to be major nutrient
contributors are: a) conversion of forests to agricultural, municipal, and industrial land, b)
conversion of native forests to managed forests (silviculture), ¢) conversion of wetlands and
marshes to agricultural, municipal, industrial, and recreational regions, d) agricultural clearing
and tilling practices, and €) use and application of fertilizers. These alterations and uses
constitute major nonpoint and point nutrient/sediment sources. Their relative contributions of
nitrogen and phosphorus need to be quantified and considered in overall management strate-
gies aimed at regulating eutrophication in the Albemarle-Pamlico estuarine system.

2. Nutrient Discharge Patterns. Both the magnitude and timing of nutrient discharges require
careful consideration and appropriate controls. Based on the hypothesis that enhanced spring
discharge of nutrients is instrumental in supporting subsequent summer nuisance algal biooms
in oligohaline portions of several major tributaries (especially the Chowan and Neuse
Estuaries), the timing of discharge events and their relative importance as nutrient sources are
critical in controlling unwanted aspects of eutrophication. Allowable point and nonpoint
discharges must exit the mesohaline portions of tributaries prior to the late-spring
early-summer "slow down" (increased residence time) periods when initiation of nuisance
blooms is most likely. This aspect of basin-wide nutrient management should accompany
formulations for total annual nutrient input constraints in order to most effectively stem
nuisance bloom potentials.

3. Freshwater Runoff. In addition to its role in mediating nutrient loadings (especially spring
freshwater runoff events), freshwater dilution of seawater plays a critical role in determining
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the nature, extent, and duration of nuisance algal bloom events in receiving estuaries. Previous
work (Witherspoon et al. 1979; Paerl 1982a, 1983; Paerl et al. 1984) has shown that the
combined presence of high nutrient loading and low salinities (<5 ppt) greatly enhance
nuisance bloom potentials in both the Chowan and Neuse River Estuaries. The blooms
observed under these conditions have been dominated by cyanobacterial nitrogen fixing (Ana-
baena, Aphanizomenon) and non-nitrogen fixing (Microcystis, Oscillatoria) taxa. At salinities
exceeding 5 ppt these taxa rapidly lose their dominance, and are generally replaced by
mesohalophillic flagellates and dinoflagellates. In nutrient enriched waters, the latter can be
responsible for chlorophyll a concentration frequently exceeding 50 ug/l (Paerl 1987; Stanley
1988b).

Impacts of freshwater salinity dilution on phytoplankton species composition and biomass have
been examined further downstream at the meso-euhaline intersection of the Neuse
Estuary-Pamlico Sound (Mallin et al. 1991), it can be stated with certainty that such dilution
events in oligo- to mesohaline portions of certain Albemarle-Pamlico estuarine system
tributaries are key determinants of both the nature and magnitude of algal blooms (Paerl
1982a, 1983, 1987 and Mallin et al. 1991). It can also be concluded that enhanced freshwater
runoff and associated nutrient loads increase the risk of cyanobacterial blooms extending and
proliferating further downstream in the estuaries (Paerl et al. 1984). Accordingly, freshwater
runoff dynamics (magnitude and timing) will require careful scrutiny in future water quality
management plans for the Albemarle-Pamlico estuarine system. It is predictable that
alterations in freshwater runoff characteristics will yield profound impacts on rates of
eutrophication in localized regions of the Albemarle-Pamlico estuarine system.

Erosion and Sedimentation. Sediment loading from the watersheds yields a diverse array of
impacts on receiving estuarine-sound waters. The mineralogical and organic sediments
periodically discharged into the estuaries represent a source of nutrients, both in adsorbed and
subsequently desorbed, and particulate forms. The specific roles of sediments and soluble
nutrients (non-sediment associated) in eutrophication mechanisms have not been adequately
addressed and are the subject of proposed research. It is safe to assume, even at this early
stage of investigation, that sediments will play a central role in the long-term nutrient transport
and loading cycles. Sediment loading during spring runoff, when erosional products are
transported significant distances into the lower estuaries and open sounds, is of particular
concern with respect to long-term eutrophication trends. Such runoff events represent
particularly effective means of dispersing nutrients which can subsequently be made soluble and
available, during ensuing summer months and perhaps future years, as an algal nutrient source.
Certainly, the well-mixed characteristics of the Albemarle-Pamlico estuarine system ensures the
circulation of such released nutrients in the water column where effective algal assimilation
seems certain.

It should be recognized that suspended sediments affect water column transparency, often
decreasing it by factors of 2 to 3. In assessing the overall eutrophic effects of sedimentation,
the positive effects of associated nutrient enrichment must be weighed against the potential
negative impacts of decreased light availability on phytoplankton. Settling generally reduces
sediment-related turbidity shortly after acute erosional-runoff events, but leaves soluble nutrient
loads in the water column after sedimentation. Given the ability of phytoplankton to readily
intercept such nutrients in euphotic well-mixed waters, it is likely that nutrient enrichment far
outweighs reduced transparency in an overall consideration of eutrophic impacts of sediment
loadings.

Precipitation (Acid Rain). While attention has focused on land-borne nutrient runoff as a

main factor involved in estuarine and coastal eutrophication, virtually no attention has been
paid to atmospheric sources of nutrients, specifically nitrogen-enhanced acid rain. As a source
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of freshwater runoff and dilution, precipitation has historically been recognized as a factor
qualitatively and quantitatively affecting eutrophication. Until recently, however, precipitation
has not been considered a highly significant nutrient source. Even in the mid-1970s,
precipitation-related nutrient inputs were thought to be only 9-10% for nitrogen and less than
5% for phosphorus (NC Division of Environmental Management 1989a). Our recent
awareness of the magnitudes and frequencies of nitrogen-enriched acid rain altered our
appreciation for and concern about this important nutrient source affecting the Albemarle-
Pamlico estuarine system (Paerl 1985). Recent experimental work has shown that naturally-
occurring amounts of rainfall can stimulate primary production in estuarine and coastal waters
through the addition of nutrients (mainly nitrogen) contained in the rainwater (Paerl 1985,
Paerl et al. 1990).

In the North Carolina shallow coastal habitats, much of the nitrogen loading is rapidly
assimilated by oligohaline and mesohaline phytoplankton populations that typically reside in
the upstream portions of estuaries. These populations act as biological "filters”, stripping out
biologically-available nitrogen before it enters the larger meso- to euhaline segments of the
estuaries, sounds (Albemarle and Pamlico), and Atlantic coastal waters. As a result, these vast
water bodies remain chronically nitrogen deficient. Because riverine nitrogen inputs are often
stripped in upper portions of estuaries, direct nitrogen inputs from precipitation become an
increasingly important source of biologically-available nitrogen downstream. While rainfall
nitrogen accounts for about 10-20% of annual nitrogen inputs in the upper portions of
estuaries, it may account for as much as 30-40% of the annual nitrogen supplied to the lower
estuaries and sounds (Paerl 1985). These calculations are based on annual rainfall nitrogen
loading originating from "non-acid" rain events. Typically NOjs-, which is the largest nitrogen
constituent in North Carolina rainfall, ranges in concentration from 5 to 10 umoles per liter
during "non-acid” rain events (pH >4.5). By contrast, during "acid" rain events (pH <4.5)
NOj- concentrations can exceed 100 umoles per liter (Paerl 1985). Considering acid rain
derived NOj- loading values, direct nitrogen loading from precipitation could account for as
much as 50% of the total annual nitrogen loading in the open sounds and coastal waters. This
estimate may, in fact, be conservative since dry deposition of nitrogen has not been included in
these calculations. This largely ignored source of nitrogen can, at times, account for a bulk of
the nitrogen input into these waters.

A. 2. b. Tmpact of Nutrients. Of all the nutrients essential for primary production, nitrogen and
phosphorus have been of most concern as "limiting factors" controlling eutrophication (Likens 1972a;
Schindler 1977; Hecky and Kilham 1988). Both are frequently perceived to be the primary
anthropogenic nutrient inputs. As constituents in key structural and functional molecules (including
proteins, lipids, sugars and nucleic acids), nitrogen and phosphorus are in high demand by primary
producers (Stewart 1974). This, along with the fact that availability of these nutrients is often restricted
(compared to plentiful supplies of carbon, hydrogen, oxygen, sulfur, silicon, and a variety of trace
metals), implies that nitrogen- and/or phosphorus-limited growth commonly characterizes aquatic
ecosystems (Hecky and Kilham 1988). In general, nitrogen has been considered most limiting in marine
and coastal waters (Ryther and Dunstan 1971; Carpenter and Capone 1983), while phosphorus is a
dominant limiting nutrient in freshwater (Likens 1972b; Schindler 1977). In estuaries, both nitrogen and
phosphorus play key roles in limiting growth (Neilson and Cronin 1981; D’Elia et al. 1986; Nixon 1986),
and it is clear that the Albemarle-Pamlico estuarine system is no exception.

Accelerated eutrophication is of environmental and economic concern. Frequently, serious water
quality degradation in the form of "runaway" or uncontrolled nuisance algal blooms, periphytic and/or

macrophytic growths accompany accelerated eutrophication. Secondary effects of such unwanted growth
may include:
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Toxicity to members of resident food chains caused, for example, by blooms of cyanobacteria
(blue-green alga) and/or dinoflagellates (red tide);

Toxicity of drinking water, fish, and shellfish affecting recreational users (including
domesticated animals and humans) of degraded waters;

Hypoxia and/or anoxia of hypolimnetic (non-mixed subsurface) and near bottom waters,
resulting from increased biological and chemical oxygen demands caused by decomposition of
micro-algal blooms and macrophytic growth. Both forms of oxygen depletion lead to intolerable
living conditions, toxicity and death of invertebrate, shellfish, and finfish species in affected
waters and sediments;

Resultant alterations of planktonic and benthic food chains due to either poor food values
(due to the shape or size of colonial nuisance algae) or avoidance of primary producers (due to
toxicity or undesirable taste);

Increased incidence and stress-related promotion of fish and shellfish diseases; and

Foul smells, unacceptable tastes, and poor aesthetic values of affected waters.

To varying extents, symptoms as well as fully developed cases of the above-mentioned manifestations

of accelerated eutrophication have affected some tributaries of the Albemarle-Pamlico estuarine system.
In all cases, enhanced sediment and soluble nutrient loadings have been identified as causative agents for
these forms of water quality degradation.

Coastal nutrient-related water quality problems, ranging from gradual eutrophication to massive algal

blooms, represent serious short- and long-term threats to commercial, recreational, and aesthetic values
of affected freshwater and estuarine habitats in eastern North Carolina (Paerl 1982a, 1983, 1987). It is
clear that eutrophication-related problems have caused persistent negative impacts on the economic and
environmental well-being of the Albemarle-Pamlico estuarine system. Technically, relevant questions of
concern include:

1.

Are inorganic nutrients limiting and hence regulating phytoplankton growth in the
Albemarle-Pamlico system?

Which nutrients act as growth limiting factors?

Is anthropogenic nitrogen and/or phosphorus enrichment a detectable problem in the
Albemarle-Pamlico system?

Is accelerated eutrophication, resulting from such enrichment, occurring in the
Albemarle-Pamlico system?

What are the symptoms of eutrophication?

Does nutrient-related eutrophication represent a threat to fisheries, recreational and aesthetic
resources in the Albemarle-Pamlico system?

If the above are true, can we properly manage a system of such size and scope and successfully

arrest and reverse long-term water quality degradation?

A. 2. c. Availability of Information. It is intuitively obvious that increased estuarine nutrient loading

ought to occur with increasing human population, increasing use of nitrogen and phosphorus fertilizers,
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and continued conversion of forest lands to agriculture. Scores of annual nitrogen (N) and phosphorus
(P) loading estimates have been made for various estuarine drainage basins, including the Neuse,
Chowan, and Tar-Pamlico River estuaries. However, actual estuarine nutrient loadings have not
increased at rates similar to those of population growth.

A study (Stanley 1988a) was conducted to use existing data to estimate N and P loading rates for the
Neuse basin over the past 100 years. Trends in land use and nutrient loading in the Neuse River basin
were estimated for the period 1880 through 1985 by summing computed estimates of annual point and
nonpoint source loadings for each county in the basin. The procedure was a modification of that used
by Craig and Kuenzler (1983). Nonpoint sources considered included: (1) six categories of farm
animals, (2) agricultural cropland, (3) idle cropland, (4) forestland, (5) pastureland, and (6) urban land
area. Data on harvested acreage of individual crops were tallied and summed to give the total cropland
acreage. Results of this study are given in Section C.1.b.

Harned and Davenport (1990) used seasonal Kendell test to evaluate trends in Water Quality data,
including nutrients, collected at 296 locations in the Albemarle-Pamlico system in 1945 and 1988.

Another study was made to synthesize twenty years of water quality data for the Pamlico River
Estuary (Stanley 1988b). Data for the analyses came from several sources. Most of the nutrient and
hydrographic data were from two long-term monitoring projects, covering the periods 1967-1973 and
1975-1986, with additional data from two short-term research projects in the mid-1970s. Phytoplankton
studies during two periods (1966-1968 and 1982-1985) gave species composition, cell density and biomass
data that were used in the analyses. Details of the methodology and the results of this study are
presented in Section C.1.c.

An extensive survey of the nutrients and their fates was conducted in Albemarle Sound during the
1970s (Bowden and Hobbie 1977). Albemarle Sound is suggested to have adequate supplies of both
phosphorus and nitrogen for abundant phytoplankton growth, sometimes exceeding the levels thought to
be the threshold for undesirable eutrophication. Studies have been completed on the Chowan system for
nutrient uptake, recycling and phytoplankton response (Craig and Kuenzler 1983; Kuenzler et al. 1982;
Stanley and Hobbie 1977).

High concentrations of nitrogen and phosphorous were found to be consistent problems in Virginia’s
Back Bay. Releases from hog operations’ storage lagoons have had significant impacts on water quality,
resulting in "excessively high” ammonia nitrogen, phosphorous, and fecal coliform concentrations as well
as fish kills in the receiving waterways (Mann Associates 1984). Data from Virginia’s Back Bay also
indicate a nearly direct relation between suspended solids and total phosphorous, clearly demonstrating
the influence of erosion on nutrient concentration of nutrients and water quality.

A. 2. d. The Status and Extent of Understanding. Water residence characteristics are also factors to
be considered in susceptibility to accelerated eutrophication. Winter and early spring (November-March)
traditionally represent the rainy period in North Carolina, with between 50-75% of annual precipitation
falling during this interval (NC State University Climatological Report 1988). Relatively high flushing,
high discharge, and short water retention characterizes the tributaries and sounds at this time. Typically,
water residence times vary from a few weeks to 2 months in major tributaries (Chowan, Pamlico, Neuse
Estuaries); nitrogen-rich (and to a lesser extent phosphorus-enriched) discharge is common. After May
during a "normal” rainfall year, hydrological conditions abruptly change; discharge decreases substantially
(on the order of 2-3 fold for most tributaries) while retention times dramatically increase from 1 to 3-4
months (Figure III-5). During the spring, summer, and fall estuarine tributaries frequently exhibit
lake-like characteristics (i.e., lengthy retention with ephemeral mixed/non-mixed conditions) (Paerl 1987).
If the transitional "slowdown" discharge period is abrupt enough, a situation arises in which nutrient and
sediment laden spring runoff waters will, in varying degrees depending on the tributaries in question, still
reside in oligo- and mesohaline portions of estuaries (Showers et al. 1990). This overlap between
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ECU, Unpublished Data.
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nutrient enrichment, increasing water temperatures, stability, and residence time, and day length (light
availability) represents excellent conditions for phytoplankton macrophyte growth. Persistent summer-fall
low-flow conditions following high spring runoff events appear to set the stage for optimal
phytoplankton biomass development and persistence (Christian et al. 1986). In oligohaline waters this
scenario appears to have precluded blooms of some of the most problematic nuisance blue-green algae
(both non-nitrogen fixing and nitrogen fixing) (NC Division of Environmental Management unpublished
data; Paerl 1982a, 1983, 1987; Christian et al. 1986), while mesohaline microflagellate/dinoflagellate
blooms frequently thrive under these conditions (Paerl et al. 1984; Stanley 1988a).

The nutritional status and phytoplankton populations of the Pamlico River estuary have been
intensively studied for the past two decades (Hobbie 1970a, 1970b, 1971, 1974; Hobbie et al. 1972;
Copeland and Hobbie 1972; Davis et al. 1978; Kuenzler et al. 1979; Harrison and Hobbie 1974;
Copeland et al. 1984; Stanley 1988b). Phosphate concentrations are relatively high in the middle reaches
of this oligo-mesohaline (2-15 ppt salinity), shallow, turbid estuary, especially in the summer. By
comparison, inorganic nitrogen concentrations are low relative to phytoplankton needs, except for
periods of abundant nitrate in the upper reaches during winter and early spring. Most of the particulate
nitrogen and particulate phosphorus appears to be phytoplankton (Kuenzler et al. 1979). Dinoflagellates
dominate the phytoplankton, especially during winter blooms of Heterocapsa triquetra. Primary
productivity and rates of uptake of nitrate, ammonium, and phosphate were measured by Kuenzler et al.
(1979). Phytoplankton showed a marked "preference” for ammonium over nitrate; ammonium provided
82% of the nitrogen taken up annually. There was evidence that algal abundance and primary
productivity increased in the Pamlico River estuary during the 1970s, although phytoplankton species
composition did not change significantly (Kuenzler et al. 1979). The lower, mesohaline part of the
Neuse River estuary has been studied less extensively (Hobbie and Smith 1975; Stanley 1983, 1988a;
Christian et al. 1986, 1987), but the data indicate many similarities to the Pamlico River estuary.

Little, however, is known about the dynamics of and susceptibility to algal blooms in the open waters
of Albemarle-Pamlico sounds. Moreover, it is not known whether nuisance blooms of cyanobacteria,
microflagellates or dinoflagellates occur and/or proliferate in these waters. The potential for such blooms
and the factors regulating their development and persistence are the subjects of a current study (Paerl,
H.W. et al. 1990) Studies in poorly but occasionally stratified estuaries like Chesapeake and Delaware
Bays indicate that microflagellates and dinoflagellates often thrive in shallow (3-5 m) waters. Especially
important are findings that both nitrogen and phosphorus enrichment lead to enhanced growth of these
apparently opportunistic taxa (Steidinger 1983). Therefore, it is prudent to assume that a similar
scenario for periodic microflagellate and dinoflagellate blooms exists in the open sound components of
the Albemarle-Pamlico estuarine system.

Two very important points are frequently overlooked in assessments of the vulnerability of North
Carolina’s estuaries to accelerated eutrophication. First, the light/temperature climate is such that rapid
proliferation of plant growth is assured given adequate nutrition. On average, Eastern North Carolina
experiences a wealth of sunlit days. Approximately 80-90% of days (disregarding thunderstorm events)
during spring, summer, and fall months are sunny. This assures adequate supplies of photosynthetically
available radiation and leads to maximum water column heating. Second, waters periodically receive
nitrogen-enriched acid rain generated in upwind (north, northwest and west), urban, and industrial
regions as far as 1,500 miles away (National Acid Precipitation Assessment Program 1988). The shallow
confined nature of the Albemarle-Pamlico Estuarine System makes it particularly susceptible to
eutrophication impacts of acid rain, since dilution of this nutrient source is minimal. Added to
locally-generated point sources and nonpoint sources, acid rain represents an increasingly significant
nitrogen source in a system known to be nitrogen sensitive.

The limnological literature abounds with examples of nutrient impacted, shallow, ephemerally

stratified (but on average well-mixed) water bodies of becoming victims of accelerating eutrophication.
Although the Albemarle Pamlico estuarine system is not a freshwater system, its morphological,
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hydrological and physical characteristics resemble polymictic large lake conditions in many ways. The
main basins of the Albemarle-Pamlico Estuarine System and its major tributaries (Chowan-Roanoke,
Pamlico-Tar, and Neuse Rivers) are shallow and well-mixed, facilitating dispersal of loaded nutrients and
sediments and efficient nutrient-sediment exchange between benthic and planktonic regions. These
characteristics ensure optimal nutrient availability to both planktonic and sessile primary producers.
Transparency is restricted in the turbid, highly colored waters, in part due to humics and fluvics, and in
part to biogenic production. Extinction coefficients range from 2 to >6 hours, but frequent and thorough
vertical mixing of a few minutes to <1 hour for the entire water column, promotes optimal exposure to
available light leading to high photosynthetic production. Recent productivity studies employing a light-
field-simulator designed to mimic phytoplankton residence in a highly-variable (mixed) light regime
revealed resident phytoplankton to be well-adapted to such illumination regimes. Higher rates of
primary production were observed in rapidly-mixed conditions (15-20 min for total water column mixing)
than in longer high-light conditions (M. Mallin and H.W. Paerl 1991). While the physiological basis for
optimal transient light regime photosynthesis requires further investigation, it can be concluded that
resident phytoplankton communities are well adapted to a rapidly-mixed, turbid water column.

Despite the scarcity of open-water nutrient and productivity data from the past decade, a reasonably
diverse and comprehensive data bank has been established for the main tributaries and some estuaries.
Included are the major freshwater input sources for the Albemarle Sound (Chowan, Pasquotank and
Roanoke Rivers) and the drainage basins emptying into Pamlico Sound (Pamlico-Tar and Neuse Rivers).
‘Some generalized findings and characteristics appear to apply to the cycling and seasonal concentrations
of nitrogen and phosphorus sources and inputs in these tributaries. The dominant form of inorganic
nitrogen in virtually all tributaries is nitrate (NO;3") (Hobbie et al. 1972; Harrison and Hobbie 1974;
Stanley and Hobbie 1977; Paerl 1983). The major source of NOjy" (Table III-1) appears to be
agricultural runoff (Gilliam et al. 1978) and land development, including deforestation and channelization
(Skaggs et al. 1980). Together with natural (wetland forest) drainage, such nonpoint sources of NO3-
(and NO;") contribute as much as 62% of total annual nitrogen inputs in the Chowan system (Craig and
Kuenzler 1983) and at least 50% of the total nitrogen inputs into the Neuse and Pamlico River systems
(NC Division of Environmental Management 1989b; Harrison and Hobbie 1974; Stanley 1988a, 1988b).
Ammonia inputs from nonpoint sources constitute a relatively small fraction (5-15%) of total nitrogen
inputs in these tributaries and estuaries. It is generally believed that NHj is relatively more important
as "internally cycled” nitrogen. It is periodically released from oxygen-depleted and anoxic sediments
(Matson et al. 1983; Kuenzler et al. 1984) and rapidly reassimilated by phytoplankton during spring and
summer growth periods (Harrison and Hobbie 1974; Stanley and Hobbie 1977; Kuenzler et al. 1979;
Stanley 1983). Consequently, seasonal NHj concentrations are consistently low and fairly uniform and
are more or less independent of major hydrological events such as runoff or drought (Harrison and
Hobbie 1974; Paerl 1983, 1987). In contrast, NOj3- loading and concentrations reveal dynamic seasonal
fluctuations, ranging from generally high and abundant levels during high discharge winter and spring
months to significantly lower, and at times undetectable, levels in summer and fall phytoplankton growth
periods (Hobbie et al. 1972; Harrison and Hobbie 1974; Kuenzler et al. 1979; Tedder et al. 1980; Paerl
1983, 1987, Stanley 1988b).

Estuarine sediment chemistry is quite complicated. Many elements are directly or indirectly involved
in nutrient transformations and fluxes. The species and concentrations of these elements vary in space
and time. Concentrations often change over short distances (centimeters) with depth in the sediment,
but other patterns of spatial change extend the entire length of the estuary. The most important
temporal changes in nutrient concentrations, forms, and fluxes range from a few days (for some anoxic
events) to annual periodicities, although shorter and longer cycles may exist. The concentrations of
many elements are tightly linked to the redox state of the sediments and the end-members can thus be
recognized: oxic sediments contain elements predominantly in their oxidized forms (O,, SO4~, NO3~
Fet+++, eic.); whereas, anoxic sediments are dominated by elements in their reduced forms (CO,, HS»
NH,*, Fe*+, etc.). Linked closely to inorganic biogeochemistry are the enormous number of species of
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Table III-1.

Division of Environmental Management 1989b).

Nonpoint Source Impacts in the Estuarine Portion of the Albemarle-Pamlico Estuaries (NC

Parameter Acreage Percentage
WATER QUALITY RATING
Support 1,738,761 93.1
Partial and Nonsupport 128,739 6.9
MAJOR SOURCES OF DEGRADATION*
Point Source 38,290 29.7
Nonpoint Source 90,369 70.2
Agriculture
Feedlots 1,462 1.
Runoff 83,011 64.5
Urban
Runoff 1,664 1.3
Finger Canals 0 0.0
Land Disposal
Sludge 0 0.0
Septic Tanks 3,143 2.4
Other
Marinas 1,089 0.8
Natural 0 0.0
MAJOR CAUSES OF DEGRADATION*
Fecal Coliform 9,579 10.6
Dissolved Oxygen 400 0.4
Chlorophyll a 44,030 48.17
Sediment 3,300 3.7
Multiple 33,060 36.6

* Partially-supporting and Non-supporting Areas Only.
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organic chemicals and microbially mediated reactions, aimost none of which have been studied in North
Carolina estuaries.

Definitive studies of estuarine nutrients and productivity began in North Carolina during the early
1970s. Although much has been done, large gaps still exist in our knowledge of causes and effects.
Pilot nutrient studies were conducted for Albemarle Sound (Bowden and Hobbie 1977) and the Neuse
River Estuary (Hobbie and Smith 1975). A much longer-term nutrient study has been underway in the
Pamlico River Estuary since the late 1960s (Hobbie et al. 1972; Hobbie 1974; Stanley 1988b).

While the North Carolina Division of Environmental Management has been conducting periodic
(monthly or quarterly) ambient water quality monitoring in North Carolina’s estuarine water for several
years, a comprehensive monitoring and data management program in the sounds is needed. In response
to the need for monitoring information, the North Carolina Division of Environmental Management and
the US Geological Survey, in cooperation with the Albemarle-Pamlico Citizens Monitoring Program,
have initiated a network of physical, chemical and biological information of maximum utility for
researchers and managers (Holman 1989). The monitoring plan includes: 1) emergency response
capabilities; 2) continuous monitors of water quality parameters at risk locations; 3) expansion of the
existing ambient water quality monitoring; 4) fish tissue toxicants and sediment; 5) one-time synoptic
water quality survey; 6) sediment oxygen demand; and 7) citizens’ monitoring program.

A. 2. e. Impact of Nutrient Loading on Phytoplankton Biomass and Productivity. Phytoplankton
production in the Chowan, Pamlico, and Neuse Rivers, generally relies heavily on the availability of
inorganic nitrogen during peak summer growth periods. The fact that nitrogen-fixing blue-green algal
species can periodically exert dominance and bloom during mid- to late-summer months in the lower
Chowan River (Witherspoon et al. 1979; Paerl 1982a, 1982b) serves as testimony that periods of nitro-
gen limitation occur in this system. On the Pamlico, late summer flagellate-dominated blooms are
effective in locally depleting inorganic nitrogen in broad, oligohaline segments (Hobbie et al. 1972;
Harrison and Hobbie 1974; Hobbie 1974; Stanley 1988b). It is believed that nitrogen constitutes a
limiting nutrient at certain times of the year (Hobbie 1974). During spring and summer months, the
Neuse River receives relatively high NOj5- loading and exhibits hypereutrophic conditions with respect to
NOj" and NHj concentration compared to the phytoplankton demands (Paerl 1983, 1987, Paerl and
Bowles 1986). In the summer, low flow blue-green algal bloom conditions can lead to significant
inorganic nitrogen "drawdown", resulting in periodic nitrogen limitation. This has been substantiated with
in situ bioassays (Paerl 1983; Paerl and Bowles 1986)

Point source inputs, such as sewage treatment plants and industrial discharges, play a relatively
important role in maintaining nitrogen availability during the summer months, largely because
agricultural, rural, and urban runoff-related inputs are minimized during these relatively dry, low
nonpoint discharge months. At such times it is estimated that point source N inputs can account for as
much as 60-70% of total nitrogen entering these river systems (NC Division of Environmental
Management, 1985). Hence, on a seasonal basis, point source nitrogen inputs constitute a critical source
of nitrogen during times when nitrogen limitation appears most severe. A rather extreme case for the
relative importance of a point source discharge in maintaining summer phytoplankton growth and bloom
activity was documented for C.F. Industries (Farmers Chemical Co.), a major discharger of nitrogenous
waste located at Tunis on the Chowan River. It was widely believed that spring and summer nitrogen
discharge from this plant in the early 1970s was responsible for aggravating and intensifying already
problematic summer algal blooms, dominated by blue-green nuisance species (NC Division of
Environmental Management in-house report; Kuenzler et al. 1982).

Further downstream in typical oligo- to mesohaline estuaries, strong inverse relationships commonly
exist between NOj5- concentration and phytoplankton standing crops (Hobbie 1974; Paerl 1982a).
Significant flagellate and dinoflagellate blooms, during which chlorophyll a content exceeds 40 ug/l, have
occurred during late winter, early spring, and late summer in these regions, where NOj* concentrations
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and loading are effectively "stripped” out of the water column within a relatively short segment of the
estuary. It is generally agreed that such blooms are promoted by relatively long water residence times as
the estuaries broaden downstream (Hobbie 1974; Paerl 1983, 1987). Increased clarity due to the settling
of previously suspended riverine sediments alleviates light limitation on photosynthesis (Hobbie et al.
1972; Hobbie 1974; Paerl 1982a). These oligo- and mesohaline blooms have been observed on a regular
spring-fall basis in both the Pamlico (Hobbie et al. 1972; Hobbie 1974; Stanley and Daniel 1985) and
Neuse (Paerl 1982a) estuaries. Blooms act as "biological filters” by stripping ambient waters of NOj5-
content. In the Pamlico and Neuse River Estuaries nitrate-laden upstream waters containing from
200-500 ug N-NO37/1 enter the oligohaline bloom regions. Waters leaving this region commonly contain
nearly undetectable concentrations (<10 ug/! of N and NOj’) of N and NOj~ (Hobbie et al. 1972;
Harrison and Hobbie 1974; Paerl 1982a; Showers et al. 1990; Rudek et al. 1991). Recently, water
column NO;" concentrations have been significantly and strongly correlated with phytoplankton
productivity in the mesohaline Neuse River Estuary (Mallin et al. 1991). Such findings strongly imply
that availability of NO;5- is limiting the development and proliferation of algal blooms during most of the
year.

In a recently completed study by Paerl and co-workers, phytoplankton primary production and its
environmental regulation were examined at three stations representative of the lower Neuse River
Estuary near the Pamlico Sound interface (Paerl et al. 1990, Rudek et al. 1991). In situ nutrient
addition bioassays indicated that the estuary experienced a general state of nitrogen limitation with
especially profound limitation during summer periods. Bioassays during spring months showed increased
algal biomass and production stimulation with the addition of nitrogen and phosphorus over that found
with nitrogen addition alone. While seasonal patterns predominated, the algal community responded
during any season to increased flow and concomitant nutrient loadings by increasing biomass and
production levels, often very rapidly. This was most dramatically demonstrated by a large Heterocapsa
triquetra bloom during late winter of 1989-1990. Dissolved inorganic nitrogen levels were generally low,
except during periods of high flow when heavy nutrient loading occurred. Dissolved inorganic
phosphorous levels followed a seasonal pattern of high summer and fall values and low winter and spring
values. The highest inorganic phosphorous concentrations were, however, measured during the winter
1989-1990 loading event (Figure III-6).

Upstream, NHj concentrations entering the bloom region are generally low (<20-30 ug N-NH3/1)
relative to NOy"), therefore, NH;3 supplied via stream inputs are not thought to be strong determinants
in regulating magnitudes of phytoplankton production in these estuarine regions. On the other hand,
NHj does play an important role in the maintenance of phytoplankton and bloom populations by being
a chief component of "regenerated” nitrogen (i.e., nitrogen which is recycled between sediments and the
water column). Regenerated nitrogen may be particularly important in maintaining net phytoplankton
production during low discharge periods when NOj" inputs from watersheds are greatly reduced and
resultant nitrogen limitation is evident. Evidence for the ecological importance of nitrogen regeneration,
chiefly as released and reassimilated NH,, has been obtained from the Chowan (Stanley and Hobbie
1977), Pamlico (Harrison and Hobbie 1974) and Neuse (Stanley 1983) River Estuaries. Interestingly,
salinity was determined to be the limiting factor to algal growth in Virginia’s Back Bay (Mann Associates
1984).

In summary, loading and cycling of nitrogen, chiefly as NOy', are strong determinants in the
regulation and ultimate limitation of primary production and bloom development in all the freshwater
tributaries and diverse estuaries examined to date. Accordingly, understanding nitrogen loading and flux
rates, as well as the magnitude, timing, and location of inputs, is of vital importance in assessing
productive and eutrophication processes in the estuarine portions of the Albemarle-Pamlico estuarine
system.
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Phosphorus loading, cycling, and utilization by phytoplankton are quite different from those of
nitrogen. There is virtual agreement, based on previous studies and monitoring efforts, that the
combination of both natural and anthropogenically derived sources of phosphorous loading lead to high
(by both freshwater and marine standards) standing concentrations of phosphate in North Carolina
coastal waters (Copeland and Hobbie 1972; Hobbie et al. 1972; Hobbie 1974; Kuenzler et al. 1979;
Kuenzler et al. 1982). Whereas, inorganic nitrogen is often rapidly depleted during summer
phytoplankton growth periods, phosphate concentrations act in a much more conservative fashion,
indicating both excess supplies and a general lack of phosphorus limitation. Furthermore, phosphorus is
effectively recycled between the sediments and the water column (Kuenzler et al. 1982), assuring the
maintenance of sufficient supplies of phosphate during periods of maximum phytoplankton demand.
Bioassay studies (Figure III-5) conducted by a variety of investigators on diverse riverine and estuarine
habitats have come to the conclusion that, phosphate limitation is rare (Copeland and Hobbie 1972;
Hobbie 1974; Paerl 1983; Paerl and Bowles 1986). The single exception may be the Chowan River
during bloom periods. Phytoplankton biomass development during blooms can, at times, lead to
concurrent depletion of inorganic nitrogen (as evidenced by development and dominance of nitrogen
fixing blue-green algae) and phosphorus (Sauer and Kuenzler 1981; Paerl 1982a, 1982b; MacKintosh
1979). However, such phosphorus limited periods are extremely ephemeral, lasting only a few weeks
during maximal bloom development.

Phosphorus discharge sources include: 1) natural erosion and dissolution of rocks, sediments, and
soils in tributary basins, 2) industrial discharges, 3) sewage treatment plants, and 4) phosphate mining
operations (in the Pamlico River Estuary). North Carolina’s Piedmont and Coastal Plains soils are
generally rich in phosphate (Hobbie 1970b) and are responsible for appreciable natural leaching of
phosphate. It comes as no surprise that actively-tilled agricultural soils can contribute a majority of the
phosphorus loading to the estuaries (NC Division of Environmental Management 1989b). Unlike
nitrate-nitrogen loading, which is often maximized during early spring high runoff periods, phosphate
loading generally proceeds more steadily, with appreciable spring loading (erosion related) as well as
substantial summer loading (from the continuous discharge of sewage treatment plants). In this manner,
adequate phosphorus loading is usually assured throughout the year, and so ensures that summer phyto-
plankton phosphorus demands will be met.

Clearly, arresting current water quality deterioration associated with eutrophication and periodic
nuisance blooms in tributaries as well as more incipient symptoms of accelerated eutrophication (such as
increased incidence of violations of chlorophyll a standards, periodic microflagellate and dinoflagellate
blooms, ephemeral anoxia, and associated fish kills) will involve more closely monitoring, controlling
nutrient inputs, and elucidating mechanisms and dynamics of nutrient-growth/bloom interactions. Those
interactions in particular, must be dealt with and addressed with long-term (5-10 years) research efforts
aimed at lower estuarine-open sound waters, about which so little is known.

A. 2. f. Sediments and Their Role in Nutrient Cycling. Bottom sediments play an important role in
nutrient cycling in most estuaries. The hydrology of North Carolina’s estuaries causes them to be traps
for suspended sediments and nutrients, resulting in bottom deposits of sand and mud. High productivity
of phytoplankton, and sometimes bordering salt marshes and macrophyte beds, generates abundant
particulate organic matter which is eventually deposited on the bottom. Microbial degradation of this
organic matter, especially in summer when re-aeration is slow, creates low redox potential in the
sediments, a condition which affects many aspects of the cycling of nitrogen, phosphorus, sulfur, iron,
and other elements. Mass balance models of phytoplankton nutrition in both the Chowan and the
Pamlico Rivers indicated that nutrients delivered to these estuaries by upland runoff alone were
insufficient to support the observed rates of phytoplankton primary productivity (Stanley and Hobbie
1977; Kuenzler et al. 1979). This initiated investigations of the importance of the sediments as internal
sources of nutrients for estuarine phytoplankton production (Matson et al 1983, Kuenzler, et al. 1984,
and Albert 1985).
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A number of the biogeochemically important elements in estuaries are delivered to the bottom in
particulate form and returned to the water in soluble form. In Back Bay, Virginia, the concentration of
suspended solids has been correlated nearly directly with total phosphorous, indicating the direct relation
between erosion and water quality (Mann Associates 1984). The basic aspects of nitrogen and
phosphorus cycling are known well enough to make the following generalizations regarding sediment
cycling and regeneration of carbon, nitrogen and phosphorus (Figure III-7):

1. Large amounts of particulate organic carbon, nitrogen, and phosphorus derived from
phytoplankton and allochthonous organic matter sink through the water column and are
deposited on the bottom. The quantity of organic matter is, however, relatively small
compared to the amount of inorganic sediments deposited annually.

2. Microbial metabolism of the organic matter consumes oxygen-sif re-acration and/or vertical
mixing are poor, the sediments may become anoxic. Under anoxic conditions, metabolic
byproducts such as carbon dioxide, ammonium, and phosphate diffuse upward and into the
water (Figures III-8 and III-9). The concentration gradients in the sediments drive the
diffusive flux (Figure III-10). The bottom then constitutes a source of these chemical forms to
the overlying water. Reduced sediments are a sink for oxygen and, during periods of thermal
or salinity stratification of the water, hypoxic or anoxic bottom waters become rich in
phosphate and ammonium (Figure III-11).

3. When stratification is weak, the bottom water maintains sufficient oxygen for an oxidized zone
to exist at the sediment surface. Microbes at the sediment surface oxidize ammonium to
nitrate (Table III-2), which then diffuses upward into the water or downward where it is
denitrified to N, gas which is then transported to the atmosphere. Under oxic conditions,
phosphate tends to be precipitated or sorbed with ferric iron and is thus immobilized in the
sediments until anoxic conditions return.

4. In a study of the Pamlico River, it was discovered that although the rates of nutrient
regeneration in bottom sediments were high, the total quantities of inorganic nitrogen and
phosphorus returned to the overlying water were less than 25% of the annual needs for
Pamlico River estuary phytoplankton production (Table III-3). Thus, it was concluded that
water column regeneration, sediment regeneration and external sources (e.g., watershed runoff,
precipitation, wastewaters and seawater advection) (Table III-4) are all important sources of
phytoplankton nutrients in the Pamlico River estuary (Kuenzler et al. 1984).

A. 2. g. Availability of Information. There have been at least five investigations of bottom sediment
characteristics, elemental cycling, and exchanges of materials between sediments and overlying waters in
three North Carolina estuaries in this decade (Table III-5). A considerable body of knowledge of
sediment characteristics and elemental cycling has been acquired. Research questions, experimental
design, and methods of sampling and analysis differed among the studies. For example, Matson et al.
(1983) calculated nutrient exchanges from concentration profiles in the sediment; whereas Kuenzler et al.
(1984) measured changes in concentrations in benthic chambers. Albert (1985) measured primarily
concentration profiles and chemical transformations within sediment cores.

Soil erosion, on its own, can also cause significant water quality degradation by increasing the
turbidity of the receiving waters, clogging the gills of fish and larvae, and decreasing the potential for
photosynthesis. In Back Bay, Virginia, soil erosion has been cited as a major source of nonpoint source
pollution. Twelve thousand tons are estimated to enter the estuarine system every year.
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Fig. III-7. Major Pathways of Phosphorus and Nitrogen Cycling in Estuaries. 1) Sedimentation, 2)
Sorption, 3) Assimilation, 4) Diffusion, 5) Precipitation-Dissolution, 6) Heterotrophic
Regeneration, 7) Immobilization, 8) Ammonification, 9) Dissimilatory Nitrate Reduction,
10) Nitrification, 11) Denitrification, 12) Nitrogen Fixation, and 13) Assimilatory Nitrate
Reduction. From Kuenzler et al. (1984).
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Table I1I-2.

Nitrification potential rate (x + sd) at four depths in the sediment during 1982-83 in the
Pamlico River estuary (rates in nmoles NH,4* oxidized cm-3d-; integrated rates in

nmoles cm-2d-l). From Kuenzler et al. (1984).

Depth Aug Sept Nov Dec Feb
0-1 cm 20 7+3 15+4 41 + 42 12+ 9
1-2 cm 36 11+ 4 14 + 3 50+ .5 21+3
2-4 cm 0 12 + 13 12+ 9 20 +2 6+2
4-6 cm 0 0 2+1 7+2 3+1
Integrated Rate S6 42 57 145 51
Depth Mar Apr May June July

0-1 cm 4 +2 1+2 4 +.04 28 + 11 33 + 17
12 cm 10 + 6 2+2 0 1+1 0
2-4 cm 6+9 3+4 3+5 2+2 14 + 14
4-6 cm 6+5 0 3+4 1+2 5+1
Integrated Rate 38 9 16 35 71

Water Quality - 31



Table III-3.

Phosphate, dissolved inorganic nitrogen (DIN), and oxygen fluxes (umole m-2h-1) from

sediments in the Pamlico River estuary compared to phosphate, DIN and carbon uptake
by phytoplankton. From Kuenzler et al. (1984).

Algal Flux as
Element Uptake Flux % of uptake C Based™*
Annual Average Rates
Phosphate 225 19.1 85 43
DIN 807 514 6.4 7.2
Oxygen - 275 5.8* -
Carbon 4760 - - -
Summer Average Rates
Phosphate 142-175 30-42 21-24 31
DIN 795-1240 66-90 8.3-8.6 6.0-7.4
Oxygen - 150-422 1.8-58* -
Carbon 7240-8110 -

sediments.

Percent of carbon fixed that could be respired to CO, by the observed oxygen uptake of the

** Based on Redfield stoichiometry to predict net nitrogen and phosphorus uptake relative to carbon

uptake.
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Table III-4.  Nitrogen and phosphorus loading (MT/yr) of the Pamlico River estuary (1976-77)
compared to phytoplankton needs. From Kuenzler et al. (1979).

Sources
Algal

Chemical Form Watershed Precip TGI Pamlico So. Ann.Needs
Nitrogen
Ammonium 206 67 505 22,900
NO-3 + NO2 316 76 325 4,230
Dis. Org. N 1,860 8 5,580
Part. N 1,430 1,860
Total N 3,812 228 8,270 27,100
Phosphorus
Filt. Reac. P 84 13 843 184
Filt. NonR. P 57 4 103
Part. P 190 190
Total P 331 17 843 477 10,640
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Table III-5. Recent Studies of Bottom Sediment Characteristics, Benthic Nutrient Cycling
and Relationships to Overlying Water in North Carolina Estuaries

Estuary Sediment Characteristics References

Measurements*  Stations Samples Elements

Chowan Ato G 115 143 N,P,O, Kuenzler
et al. 1982
Pamlico BtoF, Htwl 6 62 N,P,C,S,Cl,Si Matson et al.
1983
Neuse BtoF,Htol 6 63 N,P,CS,CLSi Matson et al.
1983
Pamlico G, JtoM 2 22 N,p,C,0, Kuenzler
et al. 1984
Pamlico AtoC,Nto Q 2 >20 S,Fe Albert 1985

* A = Organic C; B = TKN; C = TP; D = Sand; E = Silt; F = Clay; G = Bulk Density;
H = Exchangeable NH,; I = Extractable P; J = Percent Water; K = LOL, L = NOy; M =
NHg4 N = Extractable Fe; O = Total Fe; P = Acid-vol. S; Q = Pyrite S.
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A. 3. Metals and Toxicants in the Water Column and in the Sediments

A. 3. a. Introduction. Heavy metals and other elements are normal constituents of most estuarine
ecosystems. Natural concentrations, however, are being supplemented and the normal ratios among
them are being altered by the activities of man. The dual role of many trace elements in biological
systems (i.e., some act as required nutrients and all, at some level, are potentially toxic) is well
documented (Crounse et al. 1983a, 1983b).

Many factors affect the availability, transport, and concentration of metals and toxins into and
through the coastal system. Accessibility of an element in the abiotic environment for incorporation into
the biosphere is referred to as "bioavailability”. The bioavailability of any given element depends on a
host of factors, sometimes too numerous and complex to test and/or model. Principal among these
factors are (1) the feeding habits, stage of life cycle, and age and condition of organisms involved; (2)
the chemical form and manner in which a particular element is incorporated into the sediments; and (3)
the physical and chemical conditions of the environment.

The transient nature of estuarine water column characteristics and the dilution of point source
discharges often maintain trace metal concentrations in water below toxic or even detectable limits. The
sedimentary regime, on the other hand, is much less transient and metals can become incorporated into
sediments by several different mechanisms and partitioned among a variety of sedimentary phases.
Consequently, concentrations in sediments are often several orders of magnitude greater than those in
the overlying waters (Wolfe and Rice 1972). It has been well established that fine-grained sediments are
the primary reservoir for heavy metals in estuarine systems (Renfro 1973). As a result, sediments are
often envisioned as the ultimate sink for much of the soluble and most of the particulate matter entering
the estuary.

The Albemarle-Pamlico estuarine system acts as a large settling basin for sediments, organic matter,
heavy metals and organic toxins derived from agriculture, urbanization and industrialization within the
drainage basin (Copeland et al. 1983, 1984). In addition to the normal runoff and stream drainage
mechanisms for transporting materials to the estuary, there are several historic waste disposal sites
around the estuary. These virtually unknown and often poorly sited facilities contribute unknown
amounts of toxic and hazardous materials into the groundwater and into nearby marshes and lowlands.
Since many of these facilities predate the time of environmental awareness, their potential effects on the
estuarine system could be significant (Riggs et al. 1989).

A. 3. b. Availability of Information. The first detailed study of the metals and toxins in the
Albemarle-Pamlico estuary is currently underway. The US Fish and Wildlife Service has sampled a large
number of estuarine animals for the presence of toxins and is currently evaluating results. The first
phases of the study, an analysis of heavy metal pollutants in organic-rich muds of the Pamlico and Neuse
River estuarine systems, have been completed (Riggs et al. 1989, in press). Analysis and mapping have
been completed for eight of the EPA "priority pollutant metals" (Arsenic, Cadmium, Chromium, Copper,
Lead, Mercury, Nickel, and Zinc) plus fluoride and phosphorus in the sediments. Permitted point
discharges and nonpoint sources were identified as contributors of significant concentrations of metals to
the estuary. A similar evaluation of the Albemarle Sound is currently underway.

Dioxin has been found in the tissue of fish taken from the Roanoke. Health advisories have been
posted to warn against eating fish taken from the area. Moreover, accumulations of heavy metals have
been found in the sediments of Albemarle Sound (Bales 1991).

S. Riggs et al. (1989, in press) conducted studies to determine the concentrations of heavy metals in
the organic rich sediments of the Pamlico and Neuse Rivers. Anthropogenic sources are believed to be
largely responsible for heavy metal enrichment within the Neuse River estuarine system. In the Neuse
River study 203 stations were cored and the cores analyzed to determine the vertical and lateral
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distribution of 15 critical trace elements (CTEs). Riggs et al. compared the trimmed mean of all surface
samples with the individual samples from locations affected by or in close proximity to known point
source dischargers. Sediments in the vicinity of known point source discharges were significantly
enriched in specific metals compared to sediments in other portions of the Neuse River. Surface
sediments have been enriched up to and occasionally in excess of 100 times the elemental concentrations
occurring in sediments deeper in the cores, inferred to represent pre-man conditions. Riggs et al.
identified 17 areas of "enrichment”, areas in which one or more CTEs exceeded the control levels by a
factor of two or more. In six of these areas, three or more of the CTEs were found to be enriched; in
eleven of these areas, only one or two CTEs were found to be enriched.

The results of the similar Pamlico River study (Riggs et al., 1989) determined that heavy metal
enrichment was generally less severe; the trimmed means of 10 CTEs were lower in the Pamlico River
than in the trimmed mean of the same CTEs in the Neuse River estuarine system. Only arsenic, cobalt,
and titanium exceeded the levels found in the Neuse. Individual waste water treatment plants, marinas,
industrial plating facilities, and military facilities were identified as probable sources of CTE enrichment
(Riggs, in Press).

Low concentrations of toxic heavy metals in discharge waters or in estuarine water columns are not
indications that the estuaries are free from metal contamination. Due to rapid changes in estuarine
water chemistry, high absorption characteristics of omnipresent inorganic clay mineral on the chemical
process associated with metal complexing and organic matter, many trace metals are often enriched in
the sediments at levels that are orders of magnitude above acceptable water level concentrations.
Enrichment of trace metals continues as storms, biological processes, and man routinely resuspend the
mud sediments into the water column. Consequently, the cumulative effect of large discharge volumes
with low concentrations can result in significant enrichment of the sediments (Riggs, in press).

A. 4. Point Sources and Nonpoint Sources

A. 4. a. Introduction. Sources of pollution are generally grouped into two categories: point sources
and nonpoint sources. Point sources of pollution enter a stream at a discrete location, usually a
discharge pipe, and include municipal and private wastewater treatment facilities. These facilities must
obtain a permit from the North Carolina Division of Environmental Management (or the Virginia Water
Control Board) which limits the amount of pollution that may be discharged to a given stream. In
contrast to point source pollution, nonpoint source pollution is that which enters waters mainly as a
result of precipitation and subsequent runoff from land=primarily from what has been disturbed by man’s
activities. Examples include runoff from urban areas, septic tanks, agricultural lands, and construction
sites. Nonpoint source pollution is addressed through a combination of regulatory, cost incentive, and
voluntary programs.

North Carolina adopted its first comprehensive, modern water pollution control law in 1951. The
essentials of the 1951 law (originally entitled State Stream Sanitation Act and renamed in 1967 the
Water and Air Resources Act) remain in effect as an important part of the legal basis for North
Carolina’s water pollution control program. The Water and Air Resources Act provided for a program
of pollution abatement and control based principally on classifications and water quality standards
applied to the surface waters of the State.

Two principles are involved in defining the quality to be maintained in a water body: (1) the desired
use of a body of water, called its "classification” and (2) the levels of contaminants that can be tolerated
without impairing the desired use, called its "standards". Twenty-five years ago, the Albemarle-Pamlico
study area had some streams that were classified "E", which designated the best use as agricultural and
industrial processing and for transporting wastewaters. The corresponding standards were only stringent
enough to protect against human health hazards. Still other streams were classified "D", which had
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standards sufficient to allow fish to survive but not to allow fish to propagate. Today, all waters are
classified "C" or better, indicating water quality that permits the propagation of fish.

The major river basins of the Albemarle-Pamlico area were systematically classified in response to the
1951 law. Each basin was surveyed by the State Stream Sanitation Committee, with the results and
classification recommendations summarized in what were termed Pollution Survey Reports. These
reports included information on the point sources in each basin, and were published in the following
order:

Chowan River Basin 1955
Roanoke River Basin 1956
Neuse River Basin 1959
Pasquotank River Basin 1960
Tar-Pamlico River Basin 1961

The original classifications resulting from these surveys have been modified in response to stricter
federal requirements, improved wastewater treatment and new state initiatives. The standards have also
been significantly expanded in response to increased research on the effects of pollutants on aquatic life
and human health.

A. 4. b. Point Sources. The current program for control of wastewater discharges to streams is
based primarily on the Federal Water Pollution Control Act of 1972. Allowable discharge must meet
the more stringent of two separate requirements:

1. Maintenance of the receiving water’s quality as specified in State water quality
standards, ideally a quality suitable for "the protection and propagation of fish, shellfish
and wildlife" and for "recreation in and on the water".

2. Minimum treatment requirements which are imposed uniformly nationwide and are
based on the type, age, and size of the discharging facility.

These requirements are enforced through a permit program called the National Pollutant Discharge
Elimination System (NPDES). The US Environmental Protection Agency (EPA) manages the NPDES
program, although it may delegate program administration to qualified State agencies. In 1975 North
Carolina received a delegation from EPA which allows the Division of Environmental Management to
administer the NPDES program.

The major pollutants discharged from point sources include those wastes that deplete the dissolved
oxygen in the water as they decompose, cause disease in man, stimulate undesirable growths of plants or
algae in the water, and are toxic to fish, wildlife or humans. The efforts of the 1950s and 1960s focused
primarily on the first two types of pollutants; organic matter which depleted the dissolved oxygen in the
water and pathogenic bacteria.

The decomposition of organic substances in wastewater by aquatic organisms consumes dissolved
oxygen. Significant reductions in the amount of dissolved oxygen can hinder fish propagation and, in
more severe cases, can result in fish kills and odor problems. Wastewater facilities are generally
classified according to the percentage of carbonaceous organic matter that is removed during treatment,
which can be roughly summarized as follows:
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Type Percent Removed

No treatment 0
Primary 40
Secondary 85
Tertiary 90
Advanced 95

In 1960, there were about 200 point sources in the North Carolina portion of the Albemarle-Pamlico
area with a combined flow of 115 million gallons per day (mgd). Roughly one half of these facilities
provided no treatment, a little over one third provided only primary treatment, and roughly 10%
provided secondary treatment. The combined organic waste reduction was only about 13%. Today there
are about 400 facilities with a combined flow of about 250 mgd. All facilities must provide at least
secondary treatment and many are required to provide tertiary or advanced levels of treatment.

A variety of pathogenic bacteria exist in raw domestic wastewater. Waterborne diseases (such as
typhoid fever, hepatitis, dysentery and cholera) are caused by bacteria in drinking water supplies that are
contaminated by inadequately treated wastewater. Some bacterial maladies result from body contact in
contaminated recreational waters. Waterborne diseases can also be spread when shellfish ingest
pathogens that are then passed on to humans. Because so much untreated wastewater was being
discharged in 1960, the Pollution Survey Reports recommended that numerous areas be closed to the
taking of shellfish and cited unsafe conditions in several recreational areas such as Pantego Creek, Silver
Lake, Pamlico River near Washington, Shallowbag Bay, sections of the Perquimans and Pasquotank
Rivers, the Neuse River near New Bern, and the Colerain and Tuscorora Beaches. Disinfection is now
required of all wastewater discharges with domestic components. While some areas in the vicinity of
dischargers are closed to shellfishing as a safety precaution against accidents, no new domestic discharges
are allowed in shellfishing waters. The emerging problems with new shellfish closures are generally
related to nonpoint source inputs such as septic tanks, urban runoff, or agricultural operations.

Eutrophication has become a serious problem in several of the estuaries of the Albemarle-Pamlico
area. The Chowan River was the first to experience massive algal blooms in the early 1970s, although
less spectacular algal problems had been documented on the Tar-Pamlico system even earlier. The lower
Neuse River began experiencing problems in the late 1970s. Point sources contribute about 15% of the
North Carolina nutrient input to the Chowan, about 50% to the Neuse, and about 18% nitrogen and
75% phosphorus to the Tar-Pamlico. Strategies to reduce nutrients to the Tar-Pamlico, Chowan, and
Neuse rivers have been adopted. Industrial point sources are also very important. For example,
Texasgulf Inc. (TGI) is a major discharger of phosphate in the middle reaches of the Pamlico River
estuary (Table III-4). Union Camp pulp mill in Virginia releases very large volumes of water to the
Chowan River during winter, increasing the conductivity, color, turbidity, ammonium concentration, and
phosphate concentration of the waters below their outfall (Kuenzler et al. 1982). Nine of the ten
municipalities in the Chowan basin have gone to land disposal, eliminating their nutrient inputs. All
dischargers over 0.5 mgd in the Neuse must reduce their phosphorus input by 1992.

"Toxic substances" include a variety of materials such as heavy metals (e.g., mercury, zinc, cadmium,
lead, chromium, nickel and copper), pesticides (e.g., DDT, parathion, toxaphene, endrin, malathion and
others), and many organic chemicals (e.g., polychlorinated biphenyls (PCB) and phthalate esters). Unlike
oxygen-demanding wastes which degrade over time, toxic substances are often environmentally persistent
and are classified as conservative pollutants. Toxicants are addressed in a comprehensive manner
through the use of whole effluent toxicity testing. These tests employ sensitive aquatic species to
determine if a wastewater discharge would be toxic to the receiving stream. There are currently 80
dischargers in the Albemarle-Pamlico estuarine area which are required to monitor their wastewater for
toxicity. Of these facilities, 36 have permit limits for toxicity. The remaining 44 have permits, but no
associated limits.

Water Quality - 38



A. 4. ¢. Nonpoint Sources. Nonpoint source pollution (NPS) means pollution which enters waters
mainly as a result of precipitation and subsequent runoff from lands that have been disturbed by man’s
activities. Obviously, there is the potential for wide variations in pollutant loadings with runoff from
different types of land use under a variety of management regimes. This diversity and corresponding
complexity, which arises in studying NPS pollution, makes it very difficult to accurately determine the
magnitude of pollutants originating from diffuse sources. However, using a large watershed or river
basin approach, pollution loading and land-use categories can be correlated in relatively quick and
simple, first-cut NPS investigations (Novotny and Chesters 1981). After a preliminary land-use analysis
is conducted for a watershed, more complicated efforts can be undertaken to further differentiate the
diffuse sources of pollution.

A. 4. d. Availability of Information. In 1988, the Division of Environmental Management (North
Carolina Department of Natural Resources and Community Development) conducted a water quality
assessment of the Albemarle-Pamlico study area as part of the statewide Nonpoint Source (NPS)
Assessment Report in order to determine impacts from nonpoint sources of pollution (NC Division of
Environmental Management 1989a, 1989b). The assessment concentrated on waterbodies which fail to or
only partially support their designated uses because of NPS pollution. Following is a description of
methods employed to identify NPS pollution problems in the Albemarle-Pamlico estuarine study area.

Two types of information were utilized in the NPS Assessment Report in order to obtain an overall
water quality rating which could be assigned to streams and stream segments. The first level is
*monitored” waters and is based on current site-specific ambient data. The second level is "evaluated”
waters and is based on information other than site-specific data, such as citizen complaints or best
professional judgements. By using "evaluated” segments, a much broader, but less precise, picture of
nonpoint source pollution can be developed.

The most recent source of "monitored” data used in the NPS Assessment Report was the
1986-87 305b Report (NC Division of Environmental Management 1989a, 1989b). In preparing the 305b
Report, all available chemical and biological data from North Carolina’s ambient biological and chemical
monitoring network in the area were reviewed. Biological data collected during special benthic
macroinvertebrate surveys were also utilized.

Another source of information which was used as a reference for the NPS Assessment Report was
the Water Quality Assessment Document, which summarizes biological and chemical data (NC Division
of Environmental Management 1985). Analyses for this document were based on benthic
macroinvertebrate data from many point and nonpoint source studies, one-time surveys on benthic
macroinvertebrates, recent research reports, fish collection records, wildlife resources survey and
classification reports, and questionnaire results from fisheries biologists in various state agencies. Some
references in the 1985 assessment report date back to the 1960s.

To determine overall water quality ratings, older chemical information from 1978 to 1985 was also
used when appropriate. Additional chemical water quality data available from the U.S. Geological Survey
(USGS) and other sources were gathered and added in order to obtain as much information about
use-support as possible. In addition, workshops were held for federal, state, municipal, and county
representatives and the general public. One goal of the workshops was to gather either data or educated
judgments (evaluations) for streams, lakes and estuaries not rated at that time. Information was also
obtained regarding point and nonpoint sources and causes of the partially supporting and non-supporting
ratings (e.g., sediment or dissolved oxygen). All data, evaluations, and source information were added to
the water quality monitoring data and overall water quality ratings were assigned to streams and stream
segments.
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Information was used to determine ratings in the order described below.

1 Biological Ratings generally were preferred over any other source of information since this is a
direct measurement of long-term effects of water quality on aquatic life. Chemical data,
however, were used to determine ratings for water supply segments.

2. Chemical Ratings were given second preference.

3. Workshop "Evaluations" or Best Professional Judgement were given third preference.
4. Assessment Document information was used when no other more recent information was
available.

After overall ratings were assigned, sources of pollution (point or nonpoint) for partially supporting
and non-supporting streams were sought (Tables III-6, III-8), as were the actual pollutants or causes of
degradation (e.g,, sediment, toxicants; Table III-7). The NC Division of Environmental Management
Regional offices or workshops provided much of the information used for the monitored segments.
Information on point sources, such as permit compliance records, was reviewed in order to find major
dischargers potentially impacting streams. The Biological Assessment Group and the Aquatic Toxicology
Unit of the Environmental Sciences Branch were consulted to identify facilities known to have toxic
effects based on chronic and acute bioassays. Groundwater and precipitation were also considered as
sources of nutrients and other substances.

The Shellfish Sanitation Branch within the North Carolina Department of Health and Human
Resources is responsible for determining the status of shellfishing waters and keeps a historical record of
the opening and closing of waters to the collection of shellfish. This is extremely valuable use-support
information. With respect to this information, partially supporting waters are those that are permanently
closed to shellfishing while support-threatened waters are those that are temporarily opened. Waters
closed to shellfishing are considered partially supporting because they still support recreational and other
aquatic life uses. Non-supporting areas are those with excessive algal blooms as noted by NC Division
of Environmental Management regional offices and documented through special studies.

The NC Division of Environmental Management maintains chemical ambient monitoring stations in
estuarine waters. Data from these stations were treated and rated in the same manner as the 1986-1987
chemical data for rivers and streams. It should be noted, however, that for saltwater, violations of metal
standards were not used to determine use-support ratings since chemical analyses for metals are
extremely sensitive to salinity levels.

Only rarely did shellfishing and chemical data conflict for a saltwater segment in determining overall
ratings for estuarine areas. These ratings were reviewed by the NC Division of Environmental
Management Water Quality regional staff, the NC Division of Shellfish Sanitation (Morehead City, NC),
and during the workshops. Ratings were then modified accordingly. Evaluated areas (areas lacking
data) were assigned the same use-support rating as the closest monitored areas within about 15 miles.
Only the middle and northern Currituck Sound and the central portion of the New River were
"evaluated”; the remaining estuarine areas were "monitored™. Distribution of nonpoint source impacts on
the estuary are given in Table III-1.

Workshops provided information on sources and causes of pollution for degraded areas. Other data
or information used to determine sources and causes for degradation were the NC Division of Shellfish
Sanitation Surveys, regional office special studies and data, and special water quality reports and studies.
Sources of pollution that were suggested in the NC Division of Shellfish Sanitation Surveys or in other
sources were evenly weighted to determine acres degraded. The actual pollutants or causes of
degradation were either listed as the most important cause (often using best professional judgement)
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Table III-6. Water Quality Ratings in the Streams of the Albemarie-Pamlico Estuarine Area. From
the NC Division of Environmental Management (1989b).

Water Quality Rating Cumulative Percentage of

Length of Total Stream

Streams Length

Support 4,427.1 48.7
Partial and Nonsupport 3,613.1 39.7
Not Evaluated 1,054.5 11.6
Total 9,094.7 100.0
Table III-7. Major Causes of Degradation in the Streams of the Albemarle-Pamlico Estuarine Area.

From the NC Division of Environmental Management (1989b).

Causes of Degradation Extent of Percentage of
Degradation (mi) Degraded Miles
Sediment 1,762.6 48.7
Fecal Coliform 36.1 1.0
Dissolved Oxygen 41.8 1.2
Metals 124.0 34
pH 0.0 0.0
Ammonia 0.0 0.0
Chlorophyll a 0.0 0.0
Phosphorus 0.0 0.0
Multiple 501.9 13.9
Unknown 1,155.7 319
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Table III-8. Sources of Nonpoint Pollution Impacts in the Streams of the Albemarle-Pamlico
Estuarine Area. From the NC Division of Environmental Management (1989b).

Sources of Degradation* Mileage+ Percent of Total
Degraded Stream Mi.**

Nonpoint Sources (total) 3,489.1 96.6
Point Sources (total) 441.6 12.2
Agriculture (total) 2,415.6 66.9
Runoff 510.7 14.1
Animal Waste 480.6 13.3
Miscellaneous 240.0 6.6
Forestry (total) 93.2 2.6
Harvest 94.5 26
Forest Management . 53 0.1
Construction (total) 284.0 79
Highways and Bridges 0.0 0.0
Land Development 71.6 2.0
Urban (total) 376.8 104
Sewers 61.4 1.7
Runoff 104.4 29
Miscellaneous 174 0.5
Mining (total) 0.0 0.0
Land Disposal (total) 144.6 4.0
Landfills 63.6 1.8
Septic Tanks 89.5 2.5
Miscellaneous 39.8 1.1
Hydromodification (total) 2279 6.3
Channelization 4.0 0.1
Miscellaneous 27.0 0.7
Unknown 591.8 16.4

*  Partially and Non-supporting Streams Only. From EPA Source Codes.

+ Point source and nonpoint source impacted stream mileages were compiled from independent
workshops and field research projects, so sub-totals may not correlate perfectly.

** Some double-counting of sources of degradation occurred, so percentages may not correlate
perfectly.
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or listed as one of multiple causes. In addition to the nonpoint source pollutants considered in
freshwater streams, freshwater inflows to estuarine waters were considered as a nonpoint source
pollutant. It should be noted that use classifications were based on "actual” use criteria, rather than
"desired" use criteria, and that "supporting use" merely means that a body of water or stream has not
been degraded enough to violate the actual use criteria.

B. STATUS OF MANAGEMENT ACTIVITIES

B. 1. Introduction

Several attempts have been made to limit nutrient inputs into the estuaries as a means of controlling
eutrophication. This technique, however, is replete with problems. For phosphorus to be
growth-limiting for phytoplankton of the Neuse River, for example, it has been estimated that input
reductions of up to 60-80% of current levels would have to be achieved (Paerl and Bowles 1986; Paerl
1987). This is a formidable, if not impossible, task since perhaps 30-40% of the Neuse’s phosphorus
inputs can be considered as having natural, non-anthropogenic origins. The Neuse River system
represents a somewhat extreme case in that ambient PO, concentrations are generally the highest of
any major tributary emptying into the Albemarle-Pamlico estuarine system; levels of 100 to 450 ug/l
P-PO4*> are commonly found throughout the year (Paerl 1987). The Tar and Pamlico Rivers also
contain quite high PO43- concentrations (Stanley 1988b), but concentrations are somewhat diluted
(50-300 ug/t P-PO43) by the time the rivers discharge into the Pamlico River Estuary. In either case,
PO43- appears in excess of phytoplankton demands in the estuaries throughout much of the year.

The fact that POg3- does not ccur in concentrations that would limit growth, as do NO5~ and NHj,
does not necessarily mean that generally high levels of POg3- discharge are not problematic. If, for
example, NOj5- input reductions are initiated as a means of controlling eutrophication in the form of
nuisance blooms of the non-nitrogen-fixing blue-green alga Microcystis aeruginosa, it is conceivable that
nitrogen fixing blue-green algae such as Anabaena and Aphanizomenon will replace M. aeruginosa. To
control the growth and proliferation of nitrogen fixing blue-green algae, only one feasible management
option remains--concurrent phosphorus input constraints. Hence, dual nutrient (nitrogen and

phosphorus) input controls should be practiced in this as well as other systems susceptible to blue-green
algal blooms.

Another argument for dual nutrient input control is based on recent findings (Paerl et al. 1990 and
Rudek et al. 1991) concerning high runoff during spring months which combine the influences of
excessive nitrogen loading (chiefly as NOy") and dilution of phosphorus by rainfall. This combination
can result in periods of phosphorus and nitrogen co-limited growth conditions in the lower Neuse River
Estuary-Pamlico Sound region (see Figure III-6). It would appear that the combined impacts of heavy
and, since the 1940s, increasing nitrogen fertilization, increased atmospheric nitrogen loading in rainfall
(due to the enhanced generation of the oxides of nitrogen), and more recently, improved sewage
treatment and a phosphate detergent ban decreased phosphorus loading to the region. All contribute to
a phosphorus limited period in the estuaries. Whether or not such a phosphorus limited period
characterized the Albemarle-Pamlico estuarine system in previous decades is unknown.

Besides studying land-use trends and their potential relationships to water quality, it is interesting to
note the evolution of efforts to control NPS pollution. In addition to the National Estuary Program
(Section 320 of the Water Quality Act of 1987), there are eight major initiatives that have been taken to
understand and control NPS pollution within the Albemarle-Pamlico estuarine system area. These
initiatives represent a trend toward increasing responsibility at the federal, state, and local levels to
implement the proper mix of regulatory and voluntary controls.
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B. 2. Section 208

Traditionally, pollution control efforts were directed toward point sources. In 1972, however, Section
208 of the Federal Water Pollution Control Act Amendments (Area-wide Waste Treatment
Management) emphasized both point and nonpoint source pollution control. States were directed to
develop plans that would specify actions needed to upgrade water quality on a statewide basis and
recommend management agencies that would be responsible for plan implementation. These
management plans were to be used by the implementing agencies to direct their efforts in water
pollution control. The State of North Carolina developed water quality management plans for
agriculture, construction, forestry, mining, on-site wastewater treatment, solid waste, and urban
stormwater management.

B. 3. Sedimentation Control

The North Carolina General Assembly enacted the Sedimentation Pollution Control Act in 1973.
The Act authorized the establishment of a sediment control program to prevent accelerated erosion and
off-site sedimentation caused by land-disturbing activities other than agriculture, forestry, and mining.
The Land Quality Section of the NC Division of Land Resources is responsible for administration and
enforcement of the requirements of the Act under the authority of the NC Sedimentation Control
Commission. The sediment control program requires, prior to construction, the submission and approval
of erosion control plans on all projects disturbing one or more contiguous acres. On-site inspections are
conducted to determine compliance with the plan and to evaluate the effectiveness of the best
management practices (BMPs) that will be used. The intent is to offer permanent downstream protection
for stream banks and channels from damages caused by increased runoff velocities. If voluntary
compliance with the approved plan is not achieved and violations occur, the Land Quality Section will
pursue enforcement through civil penalties and injunctive relief.

B. 4. Coastal Area Management Act

In order to foster protection of sensitive coastal areas, the North Carolina General Assembly enacted
the Coastal Area Management Act (CAMA) in 1974. One major goal of the Act was to provide
protection of areas of environmental concern (AEC) by requiring permits for development in these
areas. The NC Division of Coastal Management (NC DEHNR) is responsible for administration of the
program. Ideally the program is a cooperative effort between state and local governments. State and
local governments are both responsible for enforcement of the Act while local governments hold the
initiative for planning.

There are three major areas of responsibility for the NC Division of Coastal Management in
implementing CAMA. First, land use plans are to be developed by each coastal jurisdiction under
supervision of the state for the protection and appropriate development of AECs. Second, a permit is
required for all development or land disturbing activity in an AEC. A "major” permit is required if the
development is in excess of 20 acres, requires drilling or excavation on land or underwater, or the
structure is greater than 60,000 sq. ft. in size. Anything other than "major” development requires a
"minor” permit, which is administered by the local government. Finally, a consistency review is made of
federal projects to ensure that the policy and provisions of CAMA are satisfied.
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B. 5. Nutrient Sensitive Waters

To address the need for limiting nutrients in certain waters, the NC Environmental Management
Commission (EMC) adopted a nutrient sensitive waters (NSW) classification in May of 1979. This
classification gave the EMC the authority to limit the input of nutrients into waters experiencing or
subject to excessive growths of microscopic or macroscopic vegetation. If necessary, the NSW
classification could include all waters in a river basin. Because of a history of algal blooms, the Chowan
River was designated NSW in September 1979 and the lower Neuse River (below Falls Lake) in May
1988.

B. 6. Agriculture and Forestry Cost Share Programs

Two nonpoint source cost share programs evolved from the NSW classification with the purpose of
reducing nonpoint source pollution for water improvement. The North Carolina General Assembly
appropriated funds in 1984 to assist landowners from 16 counties within the NSW watersheds of the
Chowan River, Falls Lake, and Jordan Lake to implement BMPs. The NC Environmental Management
Commission designated these watersheds "NSW" due to severe eutrophication problems caused by point
and nonpoint sources. Each watershed was seriously affected by soil erosion from agricultural lands and
by corresponding nutrient and sediment problems. A general statute (NCGS Article 21, Chapter 143)
expanding the program to include 17 counties in the Albemarle-Pamlico region was added in 1986. The
program was expanded in 1989 to include all counties in North Carolina. It should be noted that the
program currently covers the entire Albemarle-Pamlico estuarine area.

In targeted areas, the cost share program will pay up to 75% of the cost of implementing a
system of approved BMPs. Technical assistance is available to the landowners or users that would
provide the greatest benefit for water quality protection.

The NC General Assembly also appropriated funds in 1984 to establish a Forestry Cost Share
Program to compliment existing programs to control point source discharges, agricultural runoff, and
urban runoff. The purpose of the program is to protect the quality of soil and water resources in
watersheds through the use of accepted forestry BMPs. The Division of Forest Resources is responsible
for administering the program, which will pay landowners up to 75% of the cost of implementing BMPs.

B. 7. Food Security Act of 1985
and 1990 Farm Bill

Several provisions authorized by the Food Security Act of 1985 (FSA) and 1990 Farm Bill offer
excellent opportunities for the abatement of agricultural nonpoint source pollution in the
Albemarle-Pamlico Estuary area. The FSA makes the goals of the US Department of Agriculture farm
and conservation programs more consistent by encouraging the reduction of soil erosion, the reduction
of production of surplus commodities, and the protection of wetlands. The provisions can also serve as
tools to remove from production those areas which critically degrade water quality by contributing to
sedimentation. The provisions are known as the Conservation Reserve, Conservation Compliance,
Sodbuster, Swampbuster, and Conservation Easement.

The Conservation Reserve Program (CRP) is administered by the U.S. Department of Agriculture
Agricultural Stabilization and Conservation Service (ASCS) and the US Soil Conservation Service.
Other cooperating agencies include the NC State University Agriculture Extension Service, NC Division
of Forest Resources, and Local Soil and Water Conservation Districts. The CRP was established to
encourage the removal of highly erodible land from crop production and to promote planting long-term
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permanent grasses and tree cover. The ASCS will share up to half of the cost of establishing protective
cover. The intention of the Program is to protect the long term ability of the United States to produce
food and fiber by reducing soil erosion, improving water quality, and improving habitat for fish and
wildlife. Additional objectives are to curb the production of surplus commodities and to provide farmers
with income supports through rental payments over a 10-year contract period for land entered under the
CRP. The 1990 Farm Bill extended this contract period to 30 years. Vegetative filter strip
establishment has been incorporated into the CRP and has great potential for environmental benefits.
Some of the benefits include improved water quality and wildlife habitat. Active steps have been
initiated to obtain farmer participation in the Program.

The Conservation Compliance provision of the FSA discourages the production of crops on
highly erodible cropland where the land is not carefully protected from erosion. Highly erodible land is
defined as land where the potential erosion (erodibility index) is eight times or greater than the rate at
which the soil can maintain continued productivity. This rate is determined by the US Soil
Conservation Service. A conservation plan must be developed by January 1, 1990 and fully operational
by January 1, 1995. If a soil survey is not available, the farmer has two years after soil mapping is
completed to develop and begin applying a conservation plan. If a conservation plan is not developed
and implemented, the farmer loses eligibility in price and income supports, crop insurance, Farmers
Home Administration loans, Commodity Credit Corporation storage payments, farm storage facility
loans, Conservation Reserve Program annual payments, and other programs under which US Department
of Agriculture makes commodity-related payments.

The Sodbuster provision of the FSA is directed toward discouraging the conversion of highly
erodible land for agricultural production. It applies to highly erodible land that was not planted in
annually tilled crops during the period 1981-85. As with other provisions of the FSA, the US Soil
Conservation Service determines if a field is highly erodible. If a highly erodible field is planted in an
agricultural commodity without an approved conservation system, the landowner (or farmer) becomes
ineligible for certain US Department of Agriculture program benefits.

The purpose of Swampbuster is to discourage the conversion of wetlands to cropland use. Wetlands
are defined as areas that have a predominance of hydric soils which are inundated or saturated by
surface water or groundwater at a frequency or duration sufficient to support a prevalence of hydrophytic
(water-loving) vegetation. It is the responsibility of the US Soil Conservation Service to determine if an
area is a wetland. Like the other provisions of the FSA, a farmer will lose eligibility for certain US
Department of Agriculture program benefits on all the land farmed if a wetland area is converted to
cropland.

The Conservation Easement provision encourages producers whose Farmers Home Administration
(FHA) loans are in or near default to place their wetland, highly erodible land and/or fragile land in
conservation, recreation or wildlife uses for periods of at least 50 years. The producer benefits by having
the FHA loan partially cancelled. Environmental benefits include reducing the level of soil disturbing
activities and the threat of agricultural pollutants.

The Wetlands Reserve Program of the 1990 Farm Bill was established to restore 1 million acres of
former wetlands over a five year period. The federal government will compensate owners of the
previously converted cropland, rangeland, and pastureland who voluntarily transfer their property rights
as permanent conservation easements to the reserve. The conditions of the conservation easements
should prohibit the landowner from further development or alteration of the land. Also, much of the
cost of improvements to these lands to enhance their wetlands functions will be paid by the federal
government.
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B. 8. Coastal Stormwater Management Regulations

Coastal stormwater control has become an increasingly important issue as development continues.
The initial debate focused primarily on stormwater and the closure of shellfish waters. In November
1986, the EMC adopted rules which required new development in a limited zone (575 feet) around Class
SA (shellfish) waters to control stormwater either by limiting density or completely controlling a 4.5
inch, 24-hour storm with the use of a stormwater treatment system. The regulations applied to
development activities which required either a CAMA major permit (through the NC Division of Coastal
Management) or a Sediment/Erosion Control Plan (through the NC Division of Land Resources). The
design storm, low-density limits, and areal coverage were all quite controversial and the adopted rules
represented a compromise by all parties. A sunset provision was added to the rules to force the NC
Division of Environmental Management (and Commission) to reconsider the rules after a year. The
original rules expired December 31, 1987.

New stormwater regulations with an effective date of January 1, 1988 were subsequently adopted with
similar requirements except the design storm was changed to the 1.5 inch, 24-hour storm. The new
regulations apply the stormwater controls to development activities within all 20 CAMA coastal counties,
and so includes those counties surrounding the Albemarle-Pamlico estuary system. While the near-water
impact of stormwater is very important, as addressed in the original rules, the cumulative impact of
stormwater runoff throughout the coastal zone also needed to be addressed. Therefore, the expanded
area of coverage helps provide protection of both shellfish waters and general coastal water quality.

Other major items specified in the new rules address the sizing of stormwater treatment systems,
innovative infiltration systems, and low-density options. For developments adjacent to SA waters,
infiltration systems must be able to retain runoff from 1.5 inches of rainfall in 24 hours; whereas,
development in other areas must control only 1 inch of rainfall. Wet detention ponds are not allowed
for stormwater control near SA waters and must be sized for 85-90% total suspended solids removal in
other areas. Porous pavement is considered an innovative infiltration system (only five are to be allowed
until they are proven to work), but evidence regarding its effectiveness in coastal areas has not yet been
provided. A low-density option of the new regulations applies a "built-upon” limit of 25% for SA areas
and 30% for other coastal areas. Development exceeding these levels is required to have an engineered
stormwater system.

B. 9. Section 319

The federal Water Quality Act (WQA) of 1987, which was essentially the reauthorization of a similar
act passed in 1972, emphasized nonpoint source pollution control as well as conventional point source
control. According to Section 319 of the WQA, each state must develop strategies for managing
nonpoint source pollution. In North Carolina, the Water Quality Section of the NC Division of
Environmental Management was designated as the coordinating agency for nonpoint source pollution
management.

Two reports were prepared in fulfillment of Section 319 (NC Division of Environmental Management
1989a, 1989b). The first report focuses on identifying the causes and sources of nonpoint source (NPS)
pollution for impaired waterbodies in the Albemarle-Pamlico Estuarine area. The second report
emphasizes management strategies and programs to address the nonpoint source problems identified in
the assessment report. The NPS Management Program balances two priorities. One priority is to
implement the overall NPS Program which includes regulations, technical and financial assistance, and
educational efforts. The second priority involves targeting specific watersheds to improve degraded water
quality or minimize nonpoint source impacts on high quality waters. Ideally, the watersheds selected are
ones which can demonstrate water quality benefits from NPS projects within the four-year time span
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mandated in Section 319 of the Water Quality Act of 1987. It is recognized, however, that the time
needed to demonstrate water quality improvements may often exceed four years.

The approach of controlling NPS pollution in the Albemarle-Pamlico estuarine area (and throughout
North Carolina) is through a combination of land-use controls and technology-based BMPs. In urban
areas, the preferred method of treatment is land use control through low-density development because of
the long-term maintenance requirements associated with structural BMPs. In situations where low-
density development is not feasible, stormwater controls devices (BMPs) are allowed. Nonpoint source
strategies for other categories of pollution (e.g., agriculture, construction, or mining) depend more on
the implementation of BMPs such as setbacks or filter strips, and waste reduction/management systems.
The installation of these BMPs and management systems may be voluntary or required by regulations.

C. EVALUATION OF TRENDS

C. 1. Historical Perspective and Current Trends

C. 1. a. General Statement. Accelerated nutrient loading, particularly over the past 2 to 3 decades,
has ushered in some ominous and increasingly common symptoms of eutrophication which, to the best of
our knowledge, were extremely rare prior to World War II. Prior to the late 1960s virtually no field
surveys yielding quantitative data on nitrogen and/or phosphorus concentration or loading characteristics
can be documented for North Carolina’s coastal waters, including major river systems and estuaries.

Several early reports describe hydrologic, hydrographic, and very limited chemical characteristics of
specific waters (Dubach 1977). The first extensive field surveys specifically oriented towards identifying
concentrations, sources and sinks as well as some bio-geochemical cycling characteristics of nitrogen and
phosphorus occurred in the 1960s and 1970s (Copeland and Hobbie 1972; Hobbie et al. 1972; Harrison
and Hobbie 1974; Kuenzler et al. 1982) for the Pamlico River Estuary. Bowden and Hobbie (1977)
initially described nutrient characteristics of the Albemarle Sound, Hobbie and Smith (1975) examined
nutrients in the Neuse River, while Stanley and Hobbie (1977) reported on nitrogen cycling in the lower
Chowan River.

During the mid 1970s the NC Division of Environmental Management and the US Geological Survey
developed and deployed monitoring networks in coastal regions that included nutrient analyses.
Relevant river and estuarine systems included were the Chowan-Albemarle, Roanoke, Tar-Pamlico and
Neuse. Throughout the 1970s and early 1980s more specific and goal-oriented nutrient/eutrophication
studies on these systems and their watersheds were initiated. Included were examinations of nutrient
uptake kinetics of phytoplankton in the Pamlico (Kuenzler et al. 1982), Chowan (Stanley and Hobbie
1977; Kuenzler et al. 1982), and Neuse (Stanley 1983) Rivers, and determinations of algal growth
requirements including nutrient limitations through the use of bioassays in the Chowan (Witherspoon et
al. 1979; Sauer and Kuenzler 1981; Paerl 1982a, 1982b) and Neuse (Paerl 1983) Rivers.

Origins, processing, and runoff characteristics of agricultural ficld sites were likewise investigated by
Gilliam et al. (1978), while Kirby-Smith and Barber (1979) evaluated the potential estuarine water
quality impacts of converting forest to intensive agriculture, with particular reference to nutrient
discharge alterations. Skaggs et al. (1980) have more recently monitored effects of land development on
the chemical characteristics of drainage water in Eastern North Carolina. Matson et al. (1983) and
Kuenzler et al. (1984) examined biogeochemical processing and cycling of nitrogen and phosphorus
compounds in sediments of the Neuse Estuary, while Kuenzler et al. (1982) addressed similar questions
in the Chowan River. Meanwhile, water quality models (based in large part on nutrient dynamics) were
being developed for the Chowan (Amein and Galler 1979) and Pamlico (Lauria and O’Melia 1980)

Water Quality - 48



Rivers. More recent modeling efforts have incorporated both physical (flow, discharge, salinity stratifica-
tion, light) as well as nutrient factors into predicting trophic states and nuisance bloom characteristics of
coastal rivers (Christian et al. 1986; Lung and Paerl 1988). Information is extensive for the Pamlico
system but limited for the Albemarle.

Recognition of quantitatively important nutrient input sources, refinement of research techniques,
and discovery of additional nutrient discharge and cycling factors have led to recent studies in the areas
of nitrogen losses from agricultural drainage areas (Jacobs and Gilliam 1983), strategies for reducing
agricultural nonpoint input sources (Humenik et al. 1983), and identification and partitioning of point
and nonpoint nutrient inputs within watersheds (Craig and Kuenzler 1983). Bioassay techniques have
been developed to facilitate potentially limiting nutrients under highly enriched hypereutrophic
conditions (Paerl and Bowles 1986; Paerl 1987) and to help prioritize and set specific target levels for
future nutrient reduction levels effective in curbing "runaway eutrophication” and associated nuisance
blooms.

C. 1. b. Neuse River Estuary Water Quality Trends: Basin Land Use and Nutrient Loading. An
important analysis of the land uses and nutrient loading in the Neuse River basin was completed by
Stanley (1988a). The summary below was taken from that study. According to estimates made in the
study, basin-wide changes in acreages of major land use categories have been small in the Neuse region
during the past century (Figure III-12). Total agricultural cropland acreages have varied somewhat since
1930, ranging from highs of 25-27% of the total basin area in 1945 and 1980 to a low of 16% in 1970.
Forestland declined gradually from around 75% of total basin area in the late 1800s to around 64% of
the total by the 1930s and has changed little since then. A detailed county-by-county analysis showed
that cropland acreage has increased substantially in recent years in some of the coastal areas, while
declining in the Piedmont areas.

The percentage of total land area in the watershed devoted to cropland has remained nearly constant
at around 20-25%, but some crops are much more economically important now than in the past, while
others have become less important over the years. In terms of acres harvested, corn has been dominant
in the Neuse basin throughout the past century, accounting for between 290,000 and 450,000 acres
(115,000-175,000 ha), or roughly 40-50% of the total cropland. Soybeans, the second most widely
planted crop today, were first planted in significant acreages in the 1930s and 1940s, but until about
1960 never made up more than 5-10% of the total. By 1985, however, there were 290,000 acres (117,450
ha) of soybeans, roughly one-third of the total harvested cropland (Stanley 1988a).

On the other hand, acreages of tobacco and especially cotton have declined in the Neuse basin.
Annual tobacco plantings peaked in the 1930s and 1940s at around 230,000 acres (93,000 ha), but now
are down to around 60,000 acres (24,300 ha), or approximately 7% of total cropland. Cotton production
in the basin was very important up until the 1930s, but then it declined rapidly and had practically
ceased by about 1970. At it’s peak in the 1920s, cotton was the second most widely planted crop, taking
up as much as 35% of the total cropland in some years. Wheat and other small grains have never been
dominant crops in this area. In 1985 only about 15% of the Neuse basin cropland (120,000 acres or
48,600 ha) was devoted to wheat. Hay crops are a minor part of the total cropland use today (<5% of
total). This crop was slightly more important in the past, but was never dominant (Stanley 1988a).

In every census since 1880, swine have been the most numerous large farm animal in the Neuse basin
(Figure 1II-13). Between 1880 and 1940, the swine inventory fluctuated between 150,000 and 200,000
head, but since 1945 it has risen steadily so that currently there are about 500,000 of these animals.
Cattle numbers, on the other hand, have ranged between 25,000 and 75,000, but with no particular
pattern; the numbers in recent years are no higher than those 100 years ago. Inventories of mules
peaked in the 1940s at around 50,000, but they, along with horses and sheep, have become an
insignificant part of the total in the past two decades. Thus, the overall pattern of change in large farm
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animals inventory in the Neuse basin during the past century is dominated by the doubling in swine
numbers (Stanley 1988a).

Poultry numbers in the Neuse basin have increased dramatically in the past two decades. The total
poultry inventory (broilers, chickens, and turkeys) grew slowly from around 0.4 million in 1880 to
approximately 1.6 million in 1960. Since then, however, poultry inventories have increased at an amazing
rate, so that by 1985 there were over 8 million.

The estimated sewered population in the Neuse basin has increased steadily over the past century to
440,000 in 1985 (Stanley 1988a). Most of these people live in the upper half of the watershed,
particularly in the Durham-Raleigh area. Conventional secondary treatment removes little phosphorus
and only about 25-45% of the nitrogen (Gakstatter et al. 1978). When these treatment efficiencies are
combined with historical data on the types of treatment practiced by municipal plants in the Neuse
basin, it becomes clear that before 1950 there was no significant nitrogen or phosphorus removal from
wastewater discharged into the river. As secondary treatment came into widespread use in the 1950s and
1960s in the Neuse basin, the overall nutrient removal efficiencies increased, but there has been little
additional improvement in the last 10 years because further increases in treatment efficiencies have not
occurred. Consequently, even now only about 27% of the Neuse basin total point source nitrogen and
less than 2% of the total point source phosphorus are removed by treatment.

Total annual phosphorus loading from all Neuse basin sources (point and nonpoint) is estimated to
have increased about 60% over the past century, from 1.04 million kgfyear in 18380 to 1.7 million kgfyear
in 1985 (Figure III-14). Most of that increase has occurred during the past 40 years and appears to be
due primarily to increases in point source phosphorus (i.e., increases in sewered population). In 1880,
point sources accounted for only about 2% of the total load, compared to 42% from forests, 24% from
cropland, 12% from farm animals, 18% from idle cropland, and 2% from pastures. In 1985 the point
source phosphorus was 30% of the total. The farm animal contribution also has increased, from 0.13
million kgfyear in 1880 to 0.25 million kg/year in 1985. Phosphorus from the other sources (cropland,
forests, idle cropland and pastures) has not increased significantly; this is not surprising since the
acreages of these land use types have not increased.

Total annual nitrogen loading is estimated to have increased 70% during the past 100 years, from 4.6
million kg/year in 1880 to 7.8 million kgf/year in 1985 (Figure III-15). Like phosphorus, the rate of
increase in nitrogen loading has not been constant. The loading increased until the mid-1950s, then
declined slightly before increasing rapidly in the 1970s and 1980s. This pattern can be explained, in part,
by improvements in nitrogen removal at waste treatment plants in the 1950s and 1960s, which tended to
slow increases in point source loading that were occurring as the sewered population grew. But with no
further improvement in the nitrogen removal ef