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I. Introduction

T wenly years ago, North Carolina enacted
the Coastal Area Managemenlt Act (CAMA)
in response 1o the federal Coastal Zone
Management Act {CZMA) of 1972, Since
then, we have seen real henefits from
effective coastal protection efforts, espe-
cially those that ensure public access,
protect dunes and prohibit the construction
of seawalls. But there is still widespread
public concern over problems on our
coast, which include nuisance algal
blooms, fish kills and disease, and the
closure of shellfish beds. These problems
indicate that North Carolina’s coastal
management strategy is inadequately
protecting coastal resources. After 20 years
of rapid growth and development in the
state, the North Carolina Division of
Coastal Management (DCM) realized the
need to evzluate how well the state’s
coastal management program protects
resources against the cumulative impacts of
this development. Consequently, address-
ing the cumulative and secondary impacts
of development on ceastal resources is a
high priority enhancement area identified
in Nofth Carolina’'s CZMA Section 309
Enhancement Grant Strategy.

CAMA regulations apply to 20 coastal
counties that border the ocean or a coastal
sound. Through CAMA, the Coastal Re-
sources Commission developed Areas of
Environmenital Concern (AECs) within the
20 coastal counties in the mid-1970s. The
AFCs are divided into four broad catego-
ries: the estuarine system; ocean hazard
areas; public water supplies; and nartural
and culural resource areas. The CAMA
permit program applies to all development
within the AECs, providing special protec-
tion for these areas. Although the use
standards for AECs have evolved over the
ensuing years and minor adjustments in the
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AEC boundaries have been made, the areas
included as designated AECs have re-
mained essentially the same. A survey
indicated that there is widespread public
concern aver coastal water quality and loss
of habitat for fish and wildlife in the
Albemarle-Pamilico estuarine region
(Hoban 1992). The Division of Coastal
Management held public meetings on
cumutlative impacts in May 1993. They
revealed a public perception that camula-
tive impacts of growth and development
over the last 20 years have adversely
affected coasial resources in spite of the
AEC system established to protect those
resources. AS a result, the purpose of this
study was to examine the adequacy of the
AEC structure in proiecting coastal re-
sources from cumulative impacts.

DCM's cumulative impact public
hearings also indicated that the impacts of
greaest concern are those to coastal water
quality, fisheries and shelifisheries. There-
fore, these three resources were selected
for the evaluation. The impacts to these
three resources occur primarily in the four
AECs included in the estuarine system
category, including estuarine waters,
coastal wetlands, public trust areas and
estuarine shorelines. Therefore, the evalua-
tion was limited to the adequacy of these
four AECs and their use standards in
protecting the environmental quality of the
estuarine system. Since the project was
meant to focus on environmental guality of
coastal resources rather than on human-
related issues such as use conflicts, the
protection of public trust rights was
specifically excluded from this study.

Realizing the need to base manage-
ment measures on science, this siudy
utilized the science community o make
policy and management recommendations,



Scientists identified the protection needs of
coastal resources, and policy experts
reviewed the existing resource manage-
ment structure. Together, they made
recommendations 1o address the deficien-
cies within the management structure to
protect the resources.

The evaluation process began with the
assembly of a team of scientists with
pertinent expertise for cach of the three
target coastal resources. Each team outlined
the functions of its resource and deter-
rmned the parameters that must be main-
tained for the resource to perform these
functons. These paramelers were then
given to an environmental systems team
(EST), which included scientists with
expertise in evaluating and modeling the
processes of the estuarine system of which
the coastal resources are a2 component. The
EST determined the geographic area and
the management measures needed to
maintain the parameters identified by the
coastal resource teams. The current man-
agement structure for each AEC in the
estuarine system calegory was reviewed.
And finally, a team of coastal legal policy
experts compared the EST's recommenda-
tions with the existing management
structure. The recommendations that are
already accomplished by the AEC structure
and those recommendations that could be
easily incorporated into the existing AEC
structure without the need for significant
legislative action were then identified. The
policy/management team also provided
advice for how to phase changes into the
coastal management program (o achieve
effective protection of the target coastal
TE50Urces.

Recommendations in this repon
include changes in the geographic AEC
management area, changes in the types of

activities that rigger CAMA permitting
within the AECs and changes in the general
and specific AEC use standards.

Section 1l (Cumulative Impacts) of this
report provides an explanation of what
cumulative impacts are, how they are
affecting the resources on our coast and
why we need to manage them. Section 111
{Recommendations) identifies various
management approaches for addressing
cumulative impacts and provides specific
measures designed 1o protect important
habitats from these impacts. They also are
designed to reduce the contribution from
specific land uses and human activities.
Section IV (Implementation) presents 2
three-phase implementation strategy for
making the necessary changes 1o our
coastal management program to better
protect resources from cumulative impacts.
This section of the report gives specific
recommendations to DCM and the CRC to
accomplish these changes. The specific
sections of the current CAMA regulations
through which these changes should be
implemented have been identified. Appen-
dix A includes the coastal resource reams
reports, which describe the functions of the
three target resources — fish, shellfish and
water quality — and the parameters that
must be maintained for the resources to
perform their functions. The information in
these three reports is the basis for the
management strategy selected. Appendix B
contains 40 diagrams that oulline the
linkages between cumulative impacis and
the various human activities and land uses
that cause them. These diagrams are
designed to aid in 1argeting the appropriate
land uses and human activities when
designing a management plan to address a
particular water quality problern.




IT. Cumulative Impacts

A the pressure to build along the coast
conlinues to increase, North Carolina faces
the challenge of dealing with the cumula-
tive and secondary impacts of this growth.
Cumulative impacts are often described as
impacts on the environment caused by
development actions thal may be miner
standing alone but influence the environ-
ment significantly when added together
over a penad of time. Secondary impacts
result when new development follows
construction or improvement of infrastruc-
ture such as a highway, bridge, or water or
sewer facility. Problems resulting from the
combination of cumulative and secondary
impacts are, by far. the most complex,
since conclusive cause-and-effect relation-
ships may be extremely difficult to identify.

Cumulative impacts can be illustrated
usirig a failing septic system as an example.
If a single leaking sepiic tank 5 Jocated on
an acre of land near a tidal creek contain-
ing oysters, the impact of the leaking septic
tank on the oysters, in terms of contamina-
tion by fecal coliform, may not even he
idendfiable. If 10 leaking septic tanks are
located on the same acre of land and each
tank leaks the same amount of contami-
nants, they can contribute enough fecal
coliform bacteria to make shelifish beds
unfit for harvest,

If the septic tanks were the only factor
contributing to contamenation, then ident-
fying the problem would be relatively
simple and management measures could
be implemented. Sericus problems arse,
however, when many factors are present or
when one factor triggers or enhances the
negative effects of another. For example,
stgnificant land clezring and development
within the area draining to the tidal creek
removes vegelation that acts as a naturai
mechanism for filtering out and detaining
land-based bactena. The addition of this
contributing factor makes it difficult 1o
distinguish hetween the contamination
from the septic tanks and that which is
entering the water from overland runoff.
This specific cumulative impact example
can readily be seen on our coast and is
evidenced by more than 56.000 acres of
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shellfish waters that are closed to commer-
cial harvesting due to contamination. This
acreage doubles when more beds are
temporarily closed after prolonged heavy
rain increases runoff and associated
loadings of bactena (Coastal Futures
Commitiee 1994).

Secondary and cumulative impacts can
alse be exemplified by the symbiotic
relationship between the fish-killing toxic
dinoflagellate, Pfiesteria piscicida, and
ulcerative mycosis, a disease affecting
estuarine fish. In the case of Atlantic
menhaden, the two fungi that cause
ulcerative mycosts seem to be able to
penetrate the fish through the lesions
inflicted by the toxic dinoflagellate. The
toxic dincflageliate is stimulated by an
increast in the amount of nutrients in the
water, Therefore, geographically dispersed
and seemingly inconsequential increases in
nutrient leading may cumulatively result in
a significant increase in overall nutrient
concentration in the water. Over time,
nutrient concenirations may reach a level
at which the toxic dinoflagellate is stimu-
tated and begins 1o attack the menhaden.
Once attacked by the 1oxic dinoflagellate,
the menhaden’s resistance to disease
lowers and the fish become highly suscep-
tihle 1o invasion hy the fungi that cause
wlcerative mycosis (Burkholder et al. 1693).

In designing a management strategy o
protect coastal resources from the second-
ary and cumulative impacis of develop-
ment, it is therefore necessary to first
investigate all the known linkages between
vanious land uses and human activities and
current coastal problems. In determining
the proper function of its resource, the
Water Quality Team identified six problems
that indicate degraded water quality and
aquatic resource quality. The team listed all
the known causes of and factors contribut-
ing to these six problems. The diagram
presented as Figure 1 indicates the result of
their evaluation. This diagram successfully
shows the complexity of how all the
activities of humans are cumulauvely
resulting in the changes that are considered
environmental degradation.
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IT1I. Recommendations

T his section of the report is a compilation
of recommendations developed by the
Environmental Systems Team (EST) aimed
al better protection of coastal water quality,
fisheries and shellfisheries from the cumu-
lative impacts of growth and development.
For each resource category, an cvaluation
team was assembled. The three teams are
the Shelifish Team, the Fisheries Team and
the Water Quality Team. Complete reports
for these three teams are contained in
Appendix A

COASTAL RESOURCE TEAMS

ENVIRONMENTAL SYSTEMS TEAM

[ Dr. Robert Evans, Associate Profes-
sor, Biological and Agricultural Engi-
neering Department, N.C. State Univer-
sity

0 Dr. Jim Murray, Director, Marine
Advisory Service, North Carclina Sea
Grant College Program

0 Dr. Margery Overton, Associate
Professor, Civil Engineering Department,
N.C. State University

O Dr. John Parsons, Assistant Profes-
sor, Biological and Agricultural Engi-
neering Department, N.C. State Univer-
sity

O Dr. Don Stanlcy, Senior Scientist and
Associate Professor, Institute of Coastal
and Marine Resources, East Carolina
University

Q Michael O. Townley, graduate
student, Civil Engineering Department,
N.C. State University

0 ). Ramona Tyndall, graduate
student, Civil Engineering Department,
N.C. State University

O Dr. Nancy Whiite, Landscape Ecol-
ogy and Water Resource Modeling
Specialist, N.C. Cooperative Extension
Service

[ Dr. Jy Wu, Professor, Department of
Civil Engineering, University of North
Carolina at Charlotie

Water Quality Team

0 Dr. JoAnn Burkholder, Assistant
Professor, Bolany Department, N.C.
State University

O Dr. John Parsons, Assistant
Professor, Biological and Agricultural
Engineering Depanment, N.C. Siale
University

0O Dr. Don Stanley, Senior Scientist
and Associate Professor, Instinue for
Coastal and Marine Resources, East
Carolina University

@ Dr. BJ. Copeland, Director,
North Caroiina Sea Grant College
Program

Shellfish Team

O Dr. Terry West, Associale
Professor, Depanment of Biology,
East Carolina University

U Dr. Martin Posey, Associate
Professor, Depantment of Biological
Sciences, the University of North
Carclina at Wilminglon

O Dr. Sam Mozley, Associate
Professor, Zoology Department, N.C.
State University
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Fisheries Team

O Dr. Don Hoss, Resaource Ecology
Division Chief, National Manne
Fishenes Service

3 Dr. John Miller, Professor,
Zoology Depantment, N.C. State
Liniversity

0 Dr. Jim Murray, Direclor, Marine
Advisory Service, North Carclina 5¢a
Grant Coliege Program

(3 Dr. Jim Rice, Associate Professor,
Zoology Department, N.C. State
University




This section of the report includes
recommendations that the Environmental
Systems Team has developed for the
Division of Coastal Management and the
CRC 10 use in adjusting and improving the
exisung CAMA AEC management structure
and other coastal management programs.
The overall objective is to better protect
coastal resources from the cumulative
impacts of development. The step-by-step
process for implementing these recommen-
dations, including specific changes to the
existing CAMA regulations, is presented in
Section 1V. 1n addition, suggestions for
implementation of other necessary mea-
sures outside the purview of the Division
of Coastal Management are alsoc provided.

Introduction

An estuary can be defined as a semi-
enclosed coastal body of water that has a
free connection with the open ocean and
within which seawater is measurably
diluted with fresh water derived from land
drainage (Frankenberg 1993).

Long-term circulation in estuaries is
often density-driven, resulting from the
differences between niver and ocean water.
In an estuarine system, river water draws
seawater upward from below and carries it
downstream toward the ocean. To replace
this outflow, seawater moves into the
estuary. Thus, the effect of estuarine
circulation is to draw subsurface, high-
salinity water into the surface layer, which
is essentially an upwelling process (Gross
1987).

‘Due to estuarine circulation, various
processes occur in different parts of the
estuary. The setlling of sediments, for
example, is closely tied o the character of
estuarine circulation and is a fandamental
process in controlling the flow of sediment
between continents and oceans. Particles
the size of sand settle from suspension as
flow velocities decrease. Finer material,
particularly clays, tends 1o flocculate as
freshwater mixes with salt water, that is,
the particulates aggregale as electrolytic
forces bring them together. As these
fioccules increase in size, their settling
velocity increases and they are deposited.
Salinities of 2 to 5 parnts per thousand are
believed to be sufficient to cause such
flocculation. Organic aggregation also
seems to be an imponant process. These

processes are responsible for the deposi-
tion of finer material within the estaarine
system rather than their transpor cut of the
estuary into the open ocean (Kennett
1982).

North Carolina's Estuarine Systems

In North Carolina. these edge systems
were formed by a rise in sea level which
began about 17,000 years ago and resulted
in the drowning of the flat river valleys of
the coastal plain (Copeland and Steel
1991). During this tme, the sedimentary
and physical character of the present
sound system began to be defined. Today,
the uppermost layer of unconsolidated
sediments has the preatest effect on the
modern estuary, dictating the general
characteristics of the estuarine margins,
botioms, topography, soil types, water
drainage and use of adjacent lands,

The climate of North Carolina's coastal
region is moderately mild and moist, gen-
erally receiving 47 to 56 inches of rain per
year. Temperature is also moderate, rang-
ing from an average of 45 degrees Fahren-
heit in January to over 90 degrees Fahren-
heit in July and August. Winds are pre-
dominantly from the south-southwest with
average velocities of 9 1o 10 miles per
hour. But extreme spatial and temporal
variations in each parameter often have
enormous effects on system processes.

The marginal water bodies of North
Carotina are shallow relative 10 areal
extent. They consist of coastal lagoons
(Core Sound and Bogue Sound) and river
mouth estuaries {Neuse River, Pamlico
River, Albemarle Sound and Pamiico
Sound). These waters are protected from
the open sea by barriers, and their circula-
tion and mixing activity are influenced hy
winds rather than lunar tides (Neumann
1993). Albemarle Sound and, to an even
greater extent, Currituck Sound are con-
nected to the ocean only through Croatan
and Roanoke sounds via Pamlico Sound.
They are strongly influenced by freshwater
inflows and oniy marginally influenced by
the Atlantic Ocean. Of the approximately
17,000 cubic feet per second (cfs) net,
annual average freshwater inflow to
Albemarte Sound, over half (8,000 cfs) is
from the Roanoke River. In contrast,
Pamlico Sound is connected to the ocean
through several inlets that exert consider-
able aceanic influences upon the system.
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Major sources of freshwater into Pamlico
Sound are Albemarie Sound { 17.000 cfs),
the Pamlico River (5,400 «fs} and the Neuse
River (6,100 ¢fs} with a total inflow of
31,700 cfs (Copeland and Steel 1991).

Ini the Atbemarle-Pamlico system, wind
is the maost important factor driving short-
term circulation; tides and freshwater
inflows play secondary roles. Since the
embayed lateral tibutages are very respon-
sive to wind tides, winds blowing down-
stream may drive most of the water from
the embayment, often eliminating any
vertical stratification.

Evaluation Process

Estuarine water quality should be
maintained at a level sunable to protect
human health, recreational uses, fishenes,
shellfisheries and other important coastal
resources. This document is a compilation
of recommendations developed by the
shellfish Team, Fisheries Team, Water
Quality Team and Environmental Systems
Team (EST). It is aimed at protecting North
Carolina's coastal resources, namely water
quality, fisheries and shellfisheries.

The Fisheries and Shellfish teams were
charged with identifying the specific habitat
needs and environmental conditions
required by their respective resources. The
Water Quality Team then identified the
walter quality conditions contributing to
degradation of North Carolina’s coastal
resources. In addition, the Water Quality
Team identified the primary causes and
factors that contribute 10 estuarine water
quality impairment. The EST then used this
information to identify specific manage-
ment measures to address the various land
uses and human activities that were
identified as contributing to coastal re-
source degradation.

The management measures recom-
mended by the EST are designed to
minimize the impact of human activities
and land uses on coastal resource quality.
Even if all these management measures are
implemented, at some level of develop-
ment the cumulative impacts of develop-
ment wilf cause the resources to stop
funcrioning. These measures can only
minimize the impact; they cannot eliminate
it. The managementi measures will heip to
maximize the amount of deveiopment that
can take place without losing cur valuable
coastal resources. The guestion, therefore,
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i5 what is the maximum limit of develop-
ment that should be allowed and what
should it be based on? Schueler and others
have provided correlations between urban
stream degradation and amoumt of impervi-
ous cover hased on various biological
parameters, with most studies showing
significant declines at as low as 10 1o 20
percent watershed imperviousness
{Schueler 1994h).

Narth Carolina's Water Supply Water-
shed Protection Act has specified limits on
impervious surface for development within
the five categories of water supply waler-
sheds. The warter supplies are categorized
according to their use and the amouns of
development exising in the watershed,
with less developed watersheds receiving
the highest level of protection. For three of
the categories, the regulations specify
stricter requiremenits peraining (o density
limits, buffer widths and stormwesater
controls for the portion of the watershed
that immediately surrounds the water
supply. This area is referred 1o as the
critical area of the watershed (Eaker 1992).
This protection approach may prove
effective for some coastal resources.

Geographic Area Needed for
Protection of Coastal Environmental
Quality

The major rivers of eastern North
Carolina cany significant quantities of
freshwater along with dissolved and
attached particulate matter, pathogens,
metals, nutrients, pesticides and 4 host of
other pollutants. For this reason, it is
imponant to understand the extent and
degree to which the nivers affect environ-
mental guality in North Carolina estuanes.
Based on a preliminary literature review.
we have determined that river discharge
does have a significant impact on estuarine
resource quality. Therefore, upstream land.
based activities that contribute 10 down-
stream environmentz! degradation should
be regulated by the same management
measures applicable to activities directly
impacting the estuarnine system. in Nornh
Carolina, river contributions of fresh water,
metals, nutrients and toXicants are of
particular concern.

The following exampies support this
finding:



“Mamtenance of an acceptable levei of
estuanne water guality is dependent, to a
large extent. upon the gualily of the
tnflowing rivers. Rivers supply the estuary
with freshuater, nuitrients, sedimenis, and
other substances. Estuarine waler quality
mandagement must involve a knowledge
and management of these riverine inputs.”
(Copeland and Steel 1991)

“A wider varety of metals are also clis-
charged to the Albemarie estuarine system
wia the Roanoke River basin and Neuse
River basin at bigher loading rates than
thuse discharged to the Pamilico River
basiri. " (Cunningham 1992)

“Mercury may bave entered the [estuarine/
system from both point source discharges
and nonpoint source discharges. Several
pulp and paper mills in the A/P Study Ared
may have released mercury, which bistori-
cally bas been used as a fungicide at many
{75, pulp and paper mills. " (Cunningham
1992)

"Total fresbwater inflow from natural
drainage basins within the Albemarie-
Pamiico peninsula is probably not signifi-
cantly changed by man's efforts 1o alter
land use, but man's use of the drainage
hasins changes the rate of fresbwater
discharge inlo the receiving waters. " (Pate
1981)

“Rapid pulses of fresbwater dppeared fo be
a dominant siress of juvenile organisms.”
(Pate 1981)

“Turekian et al. ( 198Q) concluded that ‘a
stromg corvelation exists betieen high metal
concentrations in all components of the
coasial system {water, sediment, and
organisms} and the proximity of polluted
Sfreshwater stream and sewer discharges.' "
(Riggs 1993, 1950)

"..many small industrial municipal
operations bave point source discharges
with potential for containing specific trace
elements and producing localized or
curulative impacts upon the estuarine
system. ” (Riggs 1993, 1990)

“The impartance of a system-wide strategy
in effective rusource management bas been
emphasized in the CCMP._effective man-

agemen! of water resources ultimately relies
oM the consideration of system-wide
processes and the cumulative impacts of
dctivities across a river basin. " {Waite et al.
1994)

Because of the influence of river flow
on esmarine water quality and the extent
of upstream migration by anadromous fish
for spawning (Figure 2), the management
measures selected by the EST for the
various land uses can not be restricted
or limited by political boundaries and
should be applied to North Carolina's
entire coastal walersbed Unforiunately,
many of the recommendations cannot be
incorporated into the existing AEC manage-
ment strategy. Some apply to areas ouside
the 20 coastal county region; others may
not be able 1o be incorporated inte North
Carolina’s coastal management program
because of the Division of Coastal
Management's jurisdictional limits. How-
ever, these measures are necessary in order
to adequately protect coastal resources —
i.e. fish, shellfish and water quality. The
Division of Coastal Management can
pursue many of these recommendations
through coordination with other state and
local agencies such as $ea Grant and the
N.C. Coopenrative Extension Service. This
report will also provide suggestions for
implementation of measures outside the
exisung AEC system.

Maintaining the Estuarine Shoreline
and Freshwater Riparian Buffers

In addition to across-the-board land
management measures throughout the
entire coastal watershed 1o protect estua-
rine water quality, there should be buffers
around the immediate shoreline of the
estuaries and the rivers and their tributaries
that feed the estuaries. The butfer for the
estuarine shoreline is already established
through the Estuarine Shoreline AEC:
however, this protection should be im-
proved and extended inland to protect the
main river segments that feed the esmuary
and that have a significant impact on the
quality of our estuarine waters. Along
freshwater rivers, fipanan buffers help o
filter runoff and shade the water, thus
improving waler quality. Vegetated buffers
are often implemented to mitigate the
effects of nonpoint source pollution by
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removing pollutants from munoff through
plant and microbial uplake, micrebial
degradation and conversion, physical
trapping. and chemical adsorpticn
{Deshonnet et al. 1994). Riparian buffers
are repored to remove as much as 90
percent of sediment and nitrate and up o
50 percent of phosphorus (Gilliam 19943,
Gilham considers “riparian buffers to be the
most impornant factor influencing nonpaint
source pollutants entering surface waters in
many areas of the USA and the most
impornant wetlands for surface water
quality protection" (Gilliam 1994). Riparian
buffers are cspecially important along
rivers that serve as anadromous fish
spawning areas (Rulifson, personal comm.
1993). Therefore, the buffer should extend
upstream to the point of identified anadro-
mous fish spawning areas that are currenly
used and those that were historically used.
Development in these buffers should
have limitations and be restricted to
appropriate uses. Inappropriate uses in
urban areas include pump-houses, sewage
treatment plants, golf courses, camp-
grounds, timber harvesting, hydropower,
roads/hridges, athletic fields and play-
ground equipment (Schueler 1994a).
Schueler suggests a three zone buffer
systemn for freshwater streams in urban
areas that includes a streamside zone, a
middle core and an outer zone. The
streamside zone should be at east 25 feet
in width; it is designed 1o protect the
physical and ecological integrity of the
aquatic ecosystem. Therefore, it should be
maintained as a mature riparian forest that
provides shade, leaf litter, woody debris
and erosion protection to the body of
water. Stormwater channels, footpaths and
a few utility and roadway crossings are the
only activities and uses that should be
allowed in this zone. The middie core
extends from the streamside zone and
varies in width depending on the 100-year
floodplain, adjacent steep slopes and
protected wetand areas, but should have a
minimum width of 50 feet. The middle
core also protects the ecological integnty of
the stream and provides further distance
between upland development and the
body of water. This zone should also be
maintained as a mature forest; however,
some clearing may be allowed for
stormwaler management, access and
recreational uses. The outer zone is the

buffer's buffer. providing at least 25 feet
between the middle core and any perma-
nent structures or septic systems. This area
is typically a residential yard with wrf or
lawn as acceptable coves, but homeowners
should he encouraged to include trees and
shrubs 10 increase the total buffer width
(Schueler 19944). The LS. Forest Service
also suggests using a similar three-zone
buffer system for intermitient and perma-
nent streams 10 optimize poliutant removal
from cropland, grassland and pasture.
(Welch 1991).

Nonregulatory programs such as land
acquisition, tax credits, subsidies, transfer-
able development rights and environmental
education could be used to better protect
riparian buffers (see General Water Quality
Recommendations on page 19 for more
detail on these programs).

Critical Habitats

In addition to guarding general estua-
rine water quality, we should protect
special areas within the estuarine sysiem
that serve as critical habitats for fish and
shellfish. The current AEC system with the
added watershed management strategy is
still too general o adequately safeguard
critical estuanine habitats. These critical
habitats include:

1. seagrass beds

2. shaillow sand

3. oyster reefs

4. salt marshes

5. fish nussery areas (primary and

secondary)

6. anadromous fish spawning areas

Special protection should apply not
only to the habitat itself, but also to the
surrounding area that influences the
habitat’s condition. These important habitat
features should be mapped with GIS, and
species utilization should be shown over
time. Also, the criteria should be deter-
mined for delineating the area that influ-
ences the habitat. Development require-
ments could be stricter in the areas having
a greater impact on the habitat, which is
sirnilar to the provisions of North Carolina's
Water Supply Watershed Protection Act.
Once these areas are identified, current
land use should be evaluated and priority
status should be given (o implementing the
management measures recommended by
the EST applicable 1o the existing develop-

Recommendations 15




ment. Other state and federal agencies
have and are developing maps and infor-
mation on these habitats and associated
resources. Existing information should be
evailuated and utilized whenever possible.
Special attention should be given to seale,
compatibility and unifermity of the maps
for suggested regulation enforcement. Any
of the listed habitats that are not already
being tracked by state mapping efforts
which are updated on a regular basis (ar
least every 5 years) should be addressed.

In identifying and mapping the six
critical habitats and the area that influences
them, the evaluators should not draw
traditional habitat boundaries that ignore
the importance of interrelation among
areas of the estuary. For example, the
seagrass cammunity is nol just the seagrass
bed itself. For the seagrass community to
continue its function, the surrounding
mudflat areas used for forage and the
channel that provides flow into the area
must also be maintained. This interrelation-
ship of the grass bed, the mudflat and the
channel is extremely importang from a
management perspective, Below is a
description of the impornant components of
each critical habitat and the recommenda-
tions for protectng it.

1. Seagrass Beds (and Shallow Sand)

Protection of seagrass beds should
apply to the shallow sand areas thag
immediately surround the beds and the
associated cuirents and flow patterns. In
the shallow sand areas, crabs forage for
food and the flow patterns or currents
facilitate the passive colonization of the
beds by larval organisms.

Recommendations:

» Protection of seagrass beds should
extend 10 meters from the edge of the
grass bed. No direct disturbances should
occur 1o the bed or to this sumounding
shallow sand area.

* No activities should be allowed that
interrupt hydrodynamics, increase rurbidity
or nutrient loading or intedfere with other
water quality parameters to an extent that
significantly inhibits or terminates the
habitat function of the grass bed or poses
harm to the animals utilizing the bed.

= Nitrate levels should not exceed 50
micrograms per liter for grass beds located
in areas with a salinity of 25 pans per
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thousand or greater in order 1o protect our
dominant seagrass, Zosfera marina, and
ather important plant species,

* Proposed developments or activitics
within the area of influence should he
evaluated for their potential disturbance
hoth during construction and long-term
operaton.

+ All seagrass mitigation projects
shouid include consideration for the
conlext of the grass bed and its full suite of
functions. Without an adequate shallow
sand area and currents, reestablishment of
grass beds for habitar will not be success-
ful.

2. Shallow Sand

Expansive shallow sand areas are
important for blue crab foraging, especially
in the absence of grass beds. Depth is the
key characteristic that makes these areas
suitable for blue crabs. Areas of {ess than a
half meter in depth are typically utilized by
blue crabs, which translates to one meter
mean depth in tidal areas. Sand grain size
is important. In areas frequented by crabs,
the sands are fine with 2 mean grain size
of greater than 125 microns. Fine sands sre
more impartant than sifts. By weight, these
materials are 75 percent fine to very fine
sands with typically one half of one
percent organic carben. Shallow sand areas
are also impenant habitat for several clam
SPEeCies.

Recommendations:

= No net change in sedimentation and
siltation should occur in shallow sand
areas.

» No dredging, filing, channelization
or other hydromodification project that
results in significant change in depth or
sediment makeup should be allowed in
shallow sand areas.

3. Oyster Reefs (and Shallow Sand/
Mud)

Crabs forage two to five meters off the
continuous margin of oyster reefs. There-
fore, the shallow sand/mud areas sur-
rounding the oyster recef should be pro-
tected. Oyster reefs consist of oyster shetls
and some percentage of hare sand. If there
15 100 much bare sand, the area is merely
scattered shells. Scatiered shell is found
throughout much of Pamlico Sound and
does not provide habitat Like an oyster



reef. Continuous clusters of oysters s small
as one square meler in size, however, have
shown habitat usage. It is not necessary for
these clusters of oysters 10 be alive to senve
as habitat for fish, blue crabs and other
sheilfish.

The issue of the spatial changes in the
location of ovster reefs over time as well as
potential reasons is also important. Evi-
dence, primarity anecdotal, suggests that in
North Carolina, cyster habitals have been
impacted pnmarity by fluctuating and
permanently changing salinity patterns.

Recommendations:

» All clusters of oysters {dead or alive)
that are at least one meter square in size
with a continuous boundary should be
protected. These reefs should first be
identified and mapped. Some oyster reefs
are more than 100 years old, while others
last for only five years. The inventory of
reefs should be updated accordingly.

* No development or activities that
would disrupt, fragment or otherwise
physically destruct these beds should take
place. As with seagrass beds, this protec-
tion should extend to 10 meters outside the
continuous boundary of the oyster cluster
in order to protect the shallow sand/mud
areas used by blue crabs for forage.

= Each project or aciivity within the
area of influence to the reef shouid be
looked at individually to determine if
construction or iong-term usage will
disrupt flow, increase trhidity or alter
water quality to an extent that buries the
oyster bed, significantly impedes its habitat
or food function, or poses harm to the
animals utilizing the reef.

+ A literature search of current recom-
mendations for suitable temperature,
oxygen and salinity ranges for oysters and
clams should first be conducted.

» All mitigation projects should include
consideration for the context of a bed 1o be
established. Without an adequate shallow
sand/mud area and flow supplied by
currents, reestablishment of oyster reef for
habitat or food will not be successful.

4. Salt Marshes (and Associated
Nonvegetated Muddy Areas)

Salt marshes, as well as the
nonvegetated muddy areas that surround
them, are important to shelifish for habitar,
High in organics and high in productivity,

shallow mud areas have uses similar to the
shallow sand areas of the estuaries. Sec-
ondary and tertiary channels of the shallow
mud areas typically have a 1-meter mean
water depth and are important primary
nursery areas for crabs, shrimp, spot and
croaker. Flushing, tidal patterns, water
depth and oxygen are important character-
istics that make these areas suitable as
aurseries. The marsh thus functions as a
refuge, both through shallow water chan-
nels and intertidal vegetation and by
providing a source of detrital food.

Recommendations:

* No changes in depth of the muddy
areas adjacent to salt marshes shoutd be
permitted. If depth is increased, the area is
exposed 1o larger predators, which inhibits
refuge for larval shelifish and fish.

* Accessibility of these areas is also
crucial. An area may have a lot of produc-
tion, but because of cenain ceonditions such
as lemperature, oxygen or lack of physical
access, shellfish may be excluded from the
area,

* Each development or activity within
close proximity ta the area should be
looked at individually te determine if
construction or long-term usage will
disrupt flow exchange, lower dissolved
oxygen, alter water quality, or block
channel entrances 10 an extent that im-
pedes the habitat function of salt marshes
and the associated nonvegetated muddy
areas or poses harm to the animals utilizing
them.

* No activities or development should
be permitted that atter flow dynamics to an
extent that interferes with detrital accumu-
lation or growth of vegetation in marsh
areas.

* Developments immediately upstream
of marsh areas should not increase runoff
1o salt marshes and surrounding mud areas.

5. Fish Nursery Areas (Primary and
Secondary)

The N.C. Adminisirative Code defines
nursery areas as habitats “in which for
reasons such as food, cover, bottom type,
salinity, temperature and other factors,
young finfish and crustaceans spend the
major portion of their initial growing
season.” Shallow upstream areas of eswar-
ies throughout the coast serve as impontant
nursery areas for large numbers of juvenile
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spot. Atlantic croaker, flounders, shrimps,
blue crab and other species (Nable and
Monroe 1991).

Recommendaiions:

* No activities should occur that
interrupt hydrodynamics, significantly
increase runoff, increase wrbidity, increase
nutrient loading, inhibit access, alter
salinity, reduce dissolved oxygen or
interfere with other water guality param-
eters 10 an extent that significantly inhibits
or termunates the use of the nursery area or
puses harm io the animals utilizing the
nursery area.

* Migratory and access routes should
be considered in all habitat preservation,
restoration and creation effons.

= Land use practices (e.g. land clear-
ing} should be managed 1o prevenl sum-
mer runoff emperature increases greater
than 2 degrees Celsius and winter de-
creases greater than 2 degrees Celsius.

» No disturbance of wetlands adjacent
to the nursery area should occur.

» Activities that prevent water move-
ment in shallow areas should be exciuded.
Major point source discharges, land uses or
activities that generate potentially hazard-
ous quantities of bacteria, nutrients, oxygen
demanding wastes, total suspended solids.
metals, pesticides, toxins or harmful
hormones should not be located within or
immediately upstream of primary or
secondary nursery areas.

+ The Division of Marine Fisheries
(DMF) and the Marine Fishenes Commis-
sion (MFC) should be given review oppor-
tunity of any permits in fish nursery areas.

6. Anadromous Fish Spawning Areas
Anadromous species of fish depend on
the upper, less saline and freshwater areas
of the estuary for both their spawning and
juvenile development. In addition, larvae
and juveniles may use submerged aquatic
vegetation (SAV) beds, both in the river
during their downstream journey and in
the estuary or nearshore marne environ-
ments during juvenile residence. As with
shellfish beds, anadromous spawning areas
are extremely important to the continued
propagation of many types of marine
species, even though they are not officially
designated as primary or secondary nursery
areas by DMF (See Water Quality report in
Appendix A). Depending on species,
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including Atlantic and sharpnose stusgeon.
alewife. blueback herring, Amerncan shad
or striped bass, the key factors in mamtam-
ing anadromous fish spawning areas
include: access, water delivery (both liming
and quantity), water quality (sedimentation,
oxygen content, €C.). water {emperature,
food supply and habitat structure (Bamn and
Bain 1982, Facey and Van Den Avyle 1986,
Fay et al. 1983, Gilbert 1989, Hill et al.
1989, Van Den Avyle 19843 Dams, sec-
onded by highway culverts, were found to
be the most common obstruchions in the
Albemarle/Pamlico Estuarine Sysiem,
preventing anadromaus fish from accessing
large areas of former spawning habitat
{Collier 1989).

Recommendations:

+ Protection of anadromous fish
spawning areas should include the nver
segments used for spawning and the
adjacent riparian area that provides shade
10 the water and food in the form of
insects, which drop into the niver and are
consumed by juvenile anadromous fish,
espectally cluepeids (shad and herring).
This protection should also apply to the
upstream river and associated nipanan area
that has influence on water quality and
water delivery to the spawning area.

= Shoreline projects should be con-
structed to avoid disruption of ripadan
areas, especially overhanging vegetation,
Disturbances should not tesult in heating
of water. reduction of dissolved oxygen or
sedimentation to an exient that would
suffocate or smother eggs or harm any life
stage of fish.

= No hydropower or other water use
and discharge activities should significantly
disrupt water delivery with respect to
quantity or timing. Both factors of dis-
charge are important not only 16 spawning,
but to the maintenance of downstream
nursery habitais. For exampie, no holding
of water followed by large releases that
would distupt spawning activities should
occur.

= No reservoirs or hydropower facili-
ties that allow for significant discharges of
heated waters either upstream of or to
spawning areas should occur. All reservoirs
should include low drain systems designed
to release cooler bottom waters when
needed. If bottom waters are anoxic,
resulting downstreamn dissolved oxygen



levels should be determined and oxygen-
atien should be considered.

» No culverts, dams, logjams or other
ripzrian cut-throughs should occur that
would result in exclusion of fish from
spawning areas. Mitigation projects should
focus on restoration of access 1o histotical
spawning areas.

Finally, more effective Jand and water
use planning (including zoning) can be
used to protect coasta) wetands, critical
habitats, freshwater riparian areas, estua-
rine shorelinegs, estuarine walers, existing
AECs and other important coastal resource
areas. Planning and zoning technigues can
be used 10 encourage development in
areas that are environmentally suitable and
to discourage development on sensitive
lands and in sensitive waters. These tools
can be used to include local needs and
values in management decisions. They also
encourage policy-makers at the state and
local level o be future-oniented rather than
reactive and crisis-orented.

For example. traditional zoning
classifications (i.e. urban, noral, agricultural,
etc.) in watersheds could be expanded to
include new overlay zones such as hyper-
sensitive, sensitive or developable. Also,
planning and zoning techniques should be
expanded beyond the traditional land-
based permits to include the waters and
submerged lands of coastal rivers and
sounds (Clark 1990). Hypersensitive areas
should include critical habitats such as
oyster reefs, seagrass beds or fish nursery
areas. The area of influence for the critical
habitat could contain zones of sensitive,
buffer and developable land.

Use standards could be developed for
each zone. For example:

= The following may be allowed in
hypersensitive areas (U.5. EPA 1992, 37):

— outdoor recreation

— resource conservation

— fish and wildlife management

— research or restoration experiments

that are non-degrading

* The following are probibited in
hypersensitive areas (the charis in Appen-
dix B can determine the activities that have
been identified as contributing to the
degradation of coastal resources (I.5. EPA
1992, 37-38)):

— landfilis
— dumping, excavatng, dredging,
draining. filling and bulkheading
— damming
— development (including commercial,
residential and industrial)
— underground storage tanks
— sewage treatment
— hazardous chemical discharge
- animal facilities that are large
enough 1o require registration with the
DWQ
The following would require a

permit in a ypersensitive area.
— public park establishment
— construction and maintenance of
public utilities
— construction and maintenance of
designated existing roads
— wetland maintenance projects

Project review criteria should be
developed for each of these zones. If a
proposed project is determined 1o have
significant impact to a hypersensitive area,
it should be restricted or strict mitigation
procedures should be required. All land
areas, not just AEC areas, should be zoned
according to their uses and protection
needs. in addition to existing hypersensi-
tive areas, this zoning should also consider
things that were once hypersensitive, such
as fragile critical habitats that have been
degraded.

Land-use and water-use planning of
this nature could be used for the entire 20
county coastal area and beyond.

General Water Quality Management
Recommendations

= Don't exclude waters from ORW or
HQW status because they fall only slightly
short (within 5 to 10 percent} on resource
values required for the designation.
Instead, assign these waters the supple-
mental classification and take measures to
improve water quality to the required
criteria.

= Establish surface water quality
standards and carrying capacities necessary
to mainfain surface water use classifica-
tions.

= Establish/increase programs and/or
incentives 1o transfer “critical area” proper-
ties out of private ownership.

» Establish quantifiable cause-effect
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relatonships between land-use activities
and surface water quality. These effects
should include acute as well as sublethai
chronic impacts.

» For highly degraded waters where
cause-effect relationships can be identified,
establish a program for mandatory imple-
mentation of documented, highly effective
best management practices (BMPs)

+ In developable areas, create stan-
dards for both point and nonpoint dis-
charges. Base these standards upen current
scientific information, with major input
from the scientific community directly
involved with active research on impacats of
these variables. Standards are needed for
the parameters listed below:

— turbidity

— total suspended solids

— salinity

— dissolved oxygen

— biological oxygen demand

- toxins

— pathogens

— nutrients

# Use incidence of fish kills and
disease as an indicator of system stress.
Reduce cumulative impacts to mitigate
stress. Develop a monitoring system that
includes emergency respense for off-hour
kills so that the causative agents of Kills
¢an be more accurately evaluated at or
near the time of death. _

» Use biological indicators to deter-
mine hazardous levels of toxics instead of
considering only sediment and water-
column concentrations. For hiological
indicators, include fish, zooplankton and
species representing the entire food web.
For example, researchers could expose
selected species to samples of nvenne and
estuarine water and sediments and observe
their survival. Examine salinity. dissolved
oxygen, pH and other factors simulta-
neously to determine if they are affeciing
survival. Menitor changes in reproduction,
growth and behavior and other impacts.
Also monitor tissue contents of various
metals and toxins. Focus these measure-
ments on lissues where organisms store the
contaminants, such as the nervous system,
tiver and fatty tissues (lipids), rather than
on fillets and other compenents that are
selected because of concera for human
consumption. Restrict use and discharge of
metals, pesticides and other toxic or
potentally toxic substances in the estuarine
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system. Regutre strict limits on any use of
the materiais and ensure proper nonpoint
source pollution contrels, momtonng and
record-keeping (see Water Quality report.
Appendix A).

a Credihility of “old-umers" should be
accepled in areas where we have no other
data from which to draw conclusions about
changes in water quality condition and
species wtitization,

* lmprove compliance with regulations
designed ro protect water quakily. For
example. use regulatory programs o
ensure development activity compliance,
including strong enforcement with in-
creased fines that will be viewed as more
than just "a cost of deing business "

* Use nonregulatory mncentives to
better protect coastal wetlands, riparian
buffers and critical habitats. Nonregulatory
programs inctude land acquisition. tax
credits, subsidies, transferable development
rights and environmental education.
Federal, state and local governments and/
or private nonprofit organizations (land
trusts) can purchase threatened wetlands,
removing them from direct threat. The land
can be held by the purchaser cor transferred
to other parties with restrictive deed
convenants designed to prohibit uses that
are incompatible with the ecological
balance of the area. Tax credits and tax
exemptions provide financial incentives for
wetland conservation. These methods can
induce owners to donate environmentally
S€TISIvVe areas Lo appropriate governmendal
entities or land trusts. Subsidies, on the
other hand, are direct payments 10 prop-
erty owners {farmers, for example) for not
engaging in an activity that could be
harmful to wetlands or other sensitive
areas. However, financial resources avail-
able for subsidy payments are becoming
increasingly scarce in this era of reduced
budgets. Transferable development rights
{TDRs) can be an effective nonregulatory
tol. TDRs allow landowners to sell or
trade their development rights 10 an
environmentally sensitive parcel for
development righis on other property that
is less environmenially significant. Finally,
environmental education is perhaps the
most effective nonregulatory too! It can
produce Jong-term shifts in public atilude
regarding the protection of environmentally
sensitive areas, ulimately lessening the
need for regulation. However, because



education 15 a long-term process, regula-
non will continue 10 be a necessary tool for
environmental protection.

General Fisheries Management
Recommendations

* Reduce loadings of nutrients and
oxygen-demanding wastes to the estuarine
system, especially near key fisheries habitat
areas (most areas of the estuary are,
however, key fisheries habitat arcas).
Reduce the geographical extent, frequency
and occurrence of anoxia and hypoxia,

* Prevent activities that resirict water
movement in shaliow areas.

« Use a muitspecies approach (o
tisheries management that gives equal
consideration 1o impacts on invenebraies
and noncommercial/recreational fishes
when establishing regulations.

= Closely track and monitor fish kills
(see seventh bullet under General Water
Quality Recommendations).

+ The amount of available habitat is
finite and has been excessively reduced.
Modify the permitting process 1o increase
available fisheries habitat through mitiga-
uon.

» Allow DCM to obtain review authot-
ity over centain Marine Fisheries Commis-
sion decisions. Alse give DMF and the MFC
review authority over DCM and DWQ
decisions that affect fish nursery areas.

'+ Evaluate and monitor the potential
effects on fisheries of nawral hormones
and those intreduced by humans. Thor-
oughly investigate proximity of animal
operations, animal processing plants and
certain aquaculture facilities and the
potentiai impacts of runoff from these
facilities o important fish habirats.

Land Use And Human Acthvity
Mansgement Measures

This section contains a summary list of
recommendations specific to varous land
uzes and human activities developed by
the Environmental Systems Team aimed at
protecting coastal water quality, fisheres
and shellfish resources. Several factors
were identified by the resource teams as
contributing to degradation of these coastal
resources in North Carolina. Each of the
factors identified as a primary contributor
1o coastal resource degradation is listed in

bold, followed by a list of recemmenda-
tions developed by the EST. These recom-
mendations are intended to minimize or
eliminate the detrimental impacts that
result from cach contributing factor.

Municipal Wastewater Treatment Plants

Waste minimization:

= Establish nitrogen reduction targets
for various river basins and subbasins and
mechanisms 10 see that they are achieved.

* Implement human population
density control planning. Comprehensive,
long-term projections of the relationship
berween human population density and
estuarine water gquality on 2 basinwide,
subbasin and a lecalized scale will help
local governments prepare for growth.,

* Maintain and expand the phosphate
detergent ban. The phosphate detergent
ban should be maintained for domestic
detergents and expanded to include
industrial detergents. This strategy is more
effective in freshwater systems where
phosphorus is limiting. and may not be as
effective in nitrogen-limiting estuarine
waters. However, both nutrients should be
controlied.

* Enhance industrial pretreatment. It is
more economical and effective for industry
10 rinimize the quantity of toxic sub-
stances resulting from an industrial process
than to reat it at a municipal wastewater
treatment plant. Require industries to phase
out use of major toxic substances that harm
sensitive coastal areas.

* Improve and promote water conser-
vation. Reducing the overall quantity of
water used reduces the amount ultimaiely
needing treatment and reduces the need
for new water supplies. Conservation
reduces the need to divert ecologically
imponant fresh water flows from estaries.
Mandate programs requinng water conser-
valtion and waler reuse.

» Expand household hazardous waste
reduction. Education and outreach 1o
househalds can reduce the quantity of
hazardous chemicals used and improve
disposal practices. Improve frequency and
extent of household hazardous waste
collection at the county level.

Policy strategies:

= Rescarch and implement nutrient
trading. A systern of buying and selling of
pollutant discharge allowance guantities
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among point ankd nonpoint source polluters
can be economical and reduce current
overall pollutant loading levels. Limits
should be set low enough 1o ensure that
the trading process bhegins in the near
future.

* Rely on strong standards and permits.
Compliance measures would strengthen
wastewaler treatment by prescribing
exactly how much of a pollutant a dis-
charger is allowed to release. Standards
should be developed by river segment or
subregion for nitrogen, phosphorus,
enterococc and other variables.

» Carefully examine alternatives such
as effluent, user and product charges; ax
differentiation; and subsidies. Use financial
incentives and penalties to manage the
amount of pollutants being discharged.
Develop a strong integrated program with
benefits that are returned to the regulatory
PIOErarm.

Engineered solutions:

» Reuse and recycle weated sewage
wastewaler and apply sludge over land. A
potential way to minimize disposal require-
ments and reduce treatment costs is [o
reuse and recycle.

* Increase the efficiency of municipal
treatment plants in removing nutnients.
Better removal technologies can reduce the
amount of nutrients being discharged into
the estuarine environment. Mandate such
technologies in Nutrient Sensitive Waters
and require removal of nitrate as well as
ammonia and phosphorus.

» Research and develop natural
wastewater systems and constructed
wetland treatment systems. Copying and
utilizing the poliutant removal mechanisms
of existing nawral systems may prove both
effective and economical. Artificial systems
should not, however, be developed to
replace natural wetlands that would be lost
through increased development.

* Base treatment requiremnents on
environmental conditions. Make the degree
of treatment required of a discharger
dependent upon the actual environmental
status of the receiving body of water and
associated parameters, For example,
manage Nutrient Sensitive Waters with
effective, enforceable mechanisms to
reduce both total inorganic nitrogen and
total phosphorus loadings.

» Develop and implement better ways
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to identify wuter pollution. Accurate,
inexpensive and effective ways to sdentity
bacterial. viral and pathogenic water
contamination are needed. For example,
other states have adopted enterococc as a
slandard. Potential usefulness of fecal
coliphages should also be considered.

* Use appropriate wastewater freat-
ment plant sting. Place new treatment
plants in areas that can best handle the
amount of efffuent the plant will produce.

Pulp and Paper Wastes

Waste mirimization-

* Eliminate chlorine bleaching proce-
dures. Expand the use of oxygen or ozone
bleaching procedures, oc eliminate bleach-
ing altogether.

a Promote paper recycling. Reduce the
need for new sources of paper.

Treatment improvement:

= [mprove treatment technologies o
reduce nitrogen and phosphorus discharge
amounts,

Aquaculture

« Continue with the existing DEM
permitting requirement that addresses site
alterations and pond construction.

= In pond review, also consider
impacts to downstream habitats such as
oyster reefs and primary nursery areas. If
release of eutrophic or turbid water from
the facility will negatively impact the
habitat, modify pond location and/or
operation. Deny permits if impacts are
unavoidable.

Boat and Barge Traffic

« Expand the regulatory authority of
the CRC and provide an avenue for
assessing the impacts of boating 1o prisline,
rare or naturzl areas.

= ldentify and quantify the impacis of
fuel docks on water quatity due ta releases
of heavy metals, fecal coliform and other
potlutants.

* Identify the impacts 10 water quality
of discharges from two-cycle boat engines
on a subbasin and localized scale.

= Provide signs that identify the
location of submerged aquatic vegetation
{SAV) 10 enhance protection of this hahitar.

= Provide pump-out stations at marinas
and require all boaters (0 use them.
Educate boaters on the imporntance of using
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pump-outs and inform them of the pump-
out locations.

Fishing Practices

» Improve the courdination among the
DMF, DWQ, DCM and their respective
Cifizen COMMISSIONS.

= Provide an avenue for the CRC to
work with the MFC in policy development.
Marinas

The North Carolinz Administrative
Code 15NCAC 07H Section .0200 defines a
marina as "any publicly or privately owned
dock, basin or wet boat sicrage facility
constructed to accommeodate more than 10
hoats and providing any of the following
services: permanent of transient docking
spaces, dry storage, fueling facilities, haul-
out facilities and repair service.”

Marina development should be regu-
lated in three phases of development for
maximum preservation of habitat and
water quality. These areas include
preconstruction, construction and
postconstruction.

Preconstruction:

= Determine altematives (avoidance):

— Select location where teast amount
of impact will cecur.

— Keep all priorilies consistent with
siate interests.

- Seflect a locadon with a fresh
interchange of water and good flushing
rates {0 maintain local water quality.

» Consider any site-specific criteria
when locating facilities.

= Minimize shoreline stabilization. For
example, build out with docks instead of
along the coast with bulkheads.

» Model the proposed marina to
determine:

— local water quality impacts

— maximum acceptable number of
boat slips

— location where the least effluent
tmpacts will oceur

— tidal effects and flushing rates

Design considerations.

« Combine nonpoint source and
stormwater regulations into a comprehen-
Sive marina mansdgement program similar
to that of the State of Rhode Island (L5
EPA 1993, 5-33-34, 5-36-39.) Examples
include:

— parous pavement to filter
stormwater through layens of gravel and
sand before entering groundwarer

— catch basins with sand filiers 1o
collect and ¢leanse water from impervious
surfaces

— constructed wetlands to trap
sedimernt

— stormwater infiltration basin/
trenches

Construction:
See recommendations for hydromodifi-
cations (page 26).

Postconstriction:

+ Require pump-out stations and
enforcement mechanisms utilizing marina
license renewal fees. DCM should investi-
gate and implement educational and
enforcement strategies (o increase use of
pump-ouls.

* Require mandatory dry-docking for
repairs involving hazardous and toxic
chemicals such as painting, sealing,
solvent-based cleaning, antifouling coating
and stripping. Locate maintenance areas 10
avoid exposure of chemicals to rainfall and
runoff, and store and use chemicals in a
manner that avoids exposure. Include a
water collection and treatment system
specifically designed for the contaminants.
(Davis 1989, 5)

* Require dripless refueling systems.
(Davis 1989, &)

= Require proper hazardous waste
storage and disposal.

= Monitor all marinas to determine if
they are within performance standards.

Seafood Processing

* Continue with the exisling NPDES
and stormwater discharge permitting
process managed hy DWQ.

* Provide DDCM and the MFC with all
permit information obtained by DWQ.

Land-disturbing Activities (Construc-
tion, Road Building, Forestry Practices
and Mining)

= In devising strategies for developing
and inspecting land-disturbing pollution
controls, consider experntise about aquatic
communities along with expertise about
runoff and best management praclices.

» Require each forest industry to file
land-use management plans indicating how
the land will be used and managed and
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how impacts (o receiving waters will be
addressed.

= Evaluate construction projects o
cnsure proper implementation of both
temporary and permanent erosion-controt
mMeEISUTES, lnspeci ll.:mp()l"‘.if}-’ TREASUTES
during project activity and inspect perma-
nent management measures after project
completion.

« Use an amendment review proce-
dure to allow for flexibility in altering plans
in case land management circumstances
are changed (i.e. management goals evolve
or natural disasters change the site situa-
tion). This procedure provides a mecha-
nism to ensure that the changes are
properly managed.

« Provide funding to perform plan
reviews, permiiting and site inspection at
the local level with regulatory consistency
and technical assistance provided by the
state.

» Provide funding to support educa-
tional programs related o the impacts of
land-disturbing activities on water quality
and aquatic habitats and to support proper
BMP construction, cperation and mainte-
nance.

» Provide training and certification at
the state level in the use of BMPs and
sedimentation and erosion-control methods
through the Land Quality Section of the
Division of Land Resources for developers,
contractors, silviculturists and Farmers.

= Improve databases for vegetation,
hydrology, soils and topography on a
statewide basis and make the information
available to all sectors to support plan
development. These databases should be
made available on GIS systems.

= Require preconstrnuction meetings.

« Increase financial incentives for
compliance:

-~ Establish plan and site review fees.

— Provide tax credits and other
incentives for compliance.

— Increase fines for noncompliance.

—- Allow for temporary work stop-
pages without court orders based on
noncompliance.

— Require proof of financial
viability for covered activity.

+ Develop an educational program o
inform the public about the dangers of
sedimentation and the importance of
erosion control. Establish a number for
reporting violatoss (i.e. sites with improper
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or malfunctioning controls or no controks
all) and create effective off-hour proce-
dures for addressing reported violators,

Agriculture (Cropland and Animal
Facilities)

Currently, a small percentage of
farmers are implementung best manage-
ment measures in North Carolina. They
receve technical training from the N.C.
Cooperative Extension Service and the N.C
Depanment of Agriculture through the
Agriculture Cost Share Program. In educat-
ing farmers, more emphasis should be
placed on profitability to encourage bener
participation in best management efforts.

* Require each farm to file a land-use
management plan that indicates how the
land will be used and managed in 3 way
that protects receiving walters,

» Identify individuals not currently
participating in the Agriculture Cost Share
Program and expand incentives for volun-
tary BMP implementation.

= Increase funding to provide 1echnical
assistance for BMP implementation.

e Correlate and rank BMP effectiveness
with the land use and land resource.

+ Tailor incentive programs 1o target
BMP implementation: based on docu-
mented effectiveness for given land vse
and identfied walter guality problems.

= adopt and extend the Farmstead
Assessment System to facilitate 2 “whole”
farm environmental assessment on water
quality.

» Implement an environmental assess-
ment program on all farms in the identified
coastal region 1o expand awareness of the
potential risks to coasial water quality.
Target farm trade shows, banks and
fertitizer companies for expanded outreach
and education regarding coastal warer
quality issues.

= Strengthen compliance and enforce-
ment to detect and comect water guality
viplations resulting from nonpomnt source
pollution.

« Establish land use and animal
density constraints consistent with targeted
sustainability goals on a watershed or
siibhasin basis.

= Increase incentives for producers 1o
adopt production praclices that reduce
chemical applications.

in



On-site Waste Treatmment/Septic Systems

= Aceelerate research, adoption and
implementation of alternative on-site waste
treatment BMPs. Evaluate the effectiveness
of BMPs using expertise of aquatic ecolo-
gists as well as engineers and other
technical experts.

» Establish wide-scale demonstrations
and evaluation for site-specific, on-site
waste treatment allernatives, considering an
array of soil types and drainage situations.

= [ncrease awareness of the need for
homeowners to conduct routine septic
system maintenance.

» Expand waste management entity
jurisdiction to provide routine inspection of
all types of septic systems.

* Implement a policy requining low-
flow systems in critical areas.

Golf Courses

* Quantify the localized impacts of
golf course development and management
on coastal resources and water quality,
including effects on aquatic communities.

= Establish effective BMPs to increase
the environmental friendliness of golf
course owners and managers toward
coastal resources and water quality.

« Develop an incentive program to
acceleraie adoption and implementation of
effective BMPs on courses.

» Create user awareness of the envi-
ronmental costs of intensive golf course
management and maintenance.

+ Ensure through siling and permit
processes that course development is
consistent with basinwide and local water
quality objectives.

= Encourage the development of golf
courses in areas that are already disrupted
or degraded, where the installation and
proper management of a golf course could
improve conditons of surrounding waters
rather than degrade pristine areas.

= Encourage the use of treated waste-
water for golf course irmigation, especially
for developments that pair a golf course
with residential housing and that have
treatment works designed for domestic
wastewater only.

Residential Development and Commer-
cial Development

* Encourage local governments to
adopt ordinances to minimize impervious
surface (Schueler 1994b). Examples

include:

— narrower road widths

— clustering of development 1o reduce
road lengths (remaining open spaces
should be maintained adjacent to surface
waters),

—- restrictions on layouts of subdivision
cul-de-sacs and roadways to reduce
impervious sutface and encourage infilira-
tion of sliormwates

— use of pervious materials for
driveways

— restrictions on the number of
parking spaces per square foot of commer-
ctal development to match average daily
use — not polential maximem — and
requirements that all overflow parking be
construcled using pervious materiats

— more accessible alternative transpor-
tation such as pedestrian, bicycle and mass
transit

* Require local governments to adopt
ordinances and zoning to maintain fresh-
water riparian and estuarine shorelines.
Develop guidelines for maintaining these
buffers and educate landowners on the
imponance of the buffer, its appropriate
uses and effective maintenance. Post signs
1o indicate the extent and location of all
buffers.

+ Establish and use specification
standards for plan/activity evaluations:

— Base water quality standards on
potential water quality classification, not on
existing classifications.

— Require temporary and permanent
remedial measures for addressing sedimen-
tation and runoff.

— Base standards for effective mini-
mum buffer widths, filter strips, setback
requirements, constructed wetlands, on-site
containment and filiration devices, and
impervious/permeable paving ratios on
poltutant removal and hydraulic contain-
ment capabitities and efficiency.

— Base development density standards
for different land uses on proximity to
surface water, groundwater, nearby estua-
TiNE resources, apen space preservation
and existing development.

— Increase flexibility regarding
stormrwater Lreatment efficiency and reuse,
design specifications and temporary
slormwater detention devices.

= Set minimum subdivision develop-
ment plans at an accurate, appropriate,
project-specific scale and include standards
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that address the following:

— topographic detail relative to project
size

— existing site conditions and critical
area mapping

— ¢leanng limits (especially near
wetlands and siparian buffers)

— activines scheduling

— material and equipment staging’
storage areas

— temporary and permanent stabiliza-
tion/erosion-control methods based on
hydraulic/sediment calculations, not
existing sedimentation and erosion stan-
dards

— maintenance/removal procedures
for BMPs and other devices

— exiensive monitoring, maintenance
and performance reviews

* Improve databases for vegetation,
hydrology. soils and topography on a
statewide basis and make the information
available to all sectors to support plan
development.

= Provide funding to support both
formal and outreach educational programs
about the impacts of development on
esluanne resources.

« Provide state training and certifica-
tion 10 DCM field represencatives, local
public officiats, the Land Quality Section of
the Division of Land Resources, develop-
ers, contractors, silviculurists and farmers
in the use of BMPs and sedimentation and
erosion-control methods.

* Require preconstruction meetings
berween permit applicants and local public
officials or DCM field representatives.

+ Increase financial incentives for
project compliance:

— Establish plan and site review fees.

— Provide tax credits for compliance.

— Increase fines for noncompliance.

— Allow temporary work stoppages
without court orders based on noncompli-
ance,

- Require proof of financial viability
for covered activity.

= Utilize constnicted wetlands for
stormwater nutrient removal.

» Examine the possibility for a regional
stormwater facility as a retrofit for already
developed areas.

* Develop an information database of
BMPs that are appropuate for the coastal
environment. These BMPs may include, but
wouldn’l be limited to: wet detention
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ponds, wetland systems, vegetative prac-
tice's and bioretention, sand filter systems
and extended dry detention. The manage-
ment of nonpoint source poliution should
be based on watershed boundaries. not
political ones A sysiematic approach is
needed that determines the effectiveness of
optimally combined on-site and regional
detention.

» Evaluate the feasibility of using
riparian buffers on problem areas (areas
contributing significant nonpoint source
pollution).

» Create a retrofitting program for
developed areas that enhances the existing
runoff control structures or convevance
systems for water quality improvement,
These include poliution prevention prac-
tices, open and natural channel retrofit, in-
line and off-line retrofit, and exisiing BMP
retrofit.

Endustrial Sites

» Continue the NPDES Stormwater
Permitling Program’s strong focus on
prevention by limiting the exposure of
pollutanis 10 rainfall and runoff.

» Ltilize on-site controls and manage-
ment sirategies to minimize stormwater
runoff and 10 maximize water reuse.

Hydromodification (Dredging, Stream
Channelization, etc.)

* Implement preactivity management
measures.

— Prohibit hydromodification projects
within 10 meters of SAV beds, oyster reefs,
shallow sand areas and adjoining
nonvegetated sandy/mud area and szl
marshes, and shallow muddy areas sur-
rounding salt marshes.

— Time hydromodification projects so
that impacts on migratory species are
minimized.

— Determine the cost/benefit ratic of
long-term cumulative impacts.

— Project must be water-dependent.

— Project should be sited such that
impacts are minimized.

— All hydromedification projects must
be consistent with ste interests.

— Use mathematical or physical
models o identify changes in hydrodynam-
ics and consider flows necessary to vnable
organisms’ accessibility to critical habitat
areas.

— Consider standards for maintaining



walter quality in Critical Habuat Areas,

" including oxygen deficit, toxins, pathogens,

nutrients, turhidity, total suspended solids
(tss) and salinity.

— Require preactivity sediment
contamination iesting for appropnate
pollutants based on the site history and
determine a sediment/soil contamination
standard.

+ Utilize the following activity-concur-
rent managemenl MeEdsures:

— For noncontaminated soils, use a
sediment-containing device such as a
sediment curtain.

— For contaminated soils, sediment
curtains or sediment walls may be re-
quired, and a watertight clam-shell
{hinged) bucket should be used to remove
contaminated material. (Palermo et al.
1989, 73, Sanderson et al. 1986, 24-25)

— Consider oxygen injection to raise
DO levels. (Neal et al. 1977, 190}

— Dispose of drained water in areas
with similar characteristics.

— Use submerged diffusers for release
of noncontaminated spoil in AECs.

— Cap highly contaminated spoil and
utilize diffusers when releasing less con-
taminated matenal.

— lse a Global Positioning System to
locate exact disposal sites.

— Record the exact time, location, and
weight of disposal.

— As an alternative to disposal, use
noncontaminated dredge spoi! for marsh
creation; farmland application: commercial
development; a substitute for sand on ice-
covered roads; or ceramic products.
{Landin and Smith 1986, 73-74)

— Use self-propetied, split-hull barges
that do not leak material,

¢ Implement post-activity management
measures:

— Schedule maintenance activities
during times of low use by aguatic species.

— Use permit fees to help cover the
costs of monitoring and remediation.

— Correct all hydromodification-
related impacts.

Wetland Alteration

» Map all wetlands by type, including
Critical Habitat AECs.

« Evaluate all wetlands according 1o
indigenous species habitat, water character-
istics, tidal flows, soil type and land use,
Identify all wetlands that are included in a

Critical Habitat AEC.

* Evaluate whether development
activities would he in compliance.

* Determine the ratio of wetlands «—
created versus destroyed — for mitigation.
» Require payment and mitigation
activities from the party responsible for

wetland loss.

* Monitor mitigation sites for a mini-
mum of 20 years to assess:

— species diversity;

— water levels;

— water quality.

* DCM should set up a fund, using
permit fees, to help defray the costs of
mitigation and monitoring.

* DCM should further identify effective
weland mitigation technigues.

= Revise existing 401 permitting
program 1o include specific management
TRedsunes.

* DCM should identify priority wet-
tands for resworation. These should include
weltlands near critical habitat AECs, ORWs,
HQWs or other important coastal re-
sources, wellands that would be most
easily restored, and wetlands that are
considered high value because of filiering
capacity or habitat for endangered or
threatened species. For example, high
priority should be given to restoration of
freshwater riparian wetlands along sloped
riverine shorelines because of their water
cleansing ability.

* Use nonregulatory programs such as
tax credits, land acquisition, subsidies,
transferable development rights and
environmental education to prevent
wetland disturbance and alteration.
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IV. Implementation

This section of the repont details a three-
phase process tor implementing the
recommendations determined necessary by
the EST and the coastal resource teams to
protect ceastal resources from the cumula-
tive impacts of development. A team of
coustal legal policy expens provided advice
in developing the implementation strategy
for the management recommendzations.

POLICY/MANAGEMENT TEAM

O Walter F. Clark, Coastal Law
Specialist, North Carolina Sea Grant
College Program

QO Dr. David Owens, Associate
Professor and Assistant Director,
Instinite of Government, University of
North Carolina at Chapel Hill

Q Joe Kalo, Graham Kenan Professor
of Law, School of Law, University of
North Carolina at Chapel Hill

The implementation of changes
necessary to improve protection of coastal
resources is broken inte a three-phase
process. The first phase involves identify-
ing and mapping critical habitats within
existing AEC areas, developing use stan-
dards to better protect these habitats and
other changes to the AEC structure thal can
likely be made without significant changes
in the CAMA permitting process. The
second phase invelves long-term changes
in North Carolina's approach to protecting
coastal resources. These changes involve
managing coastal waters on a watershed
basis, including expansion of CAMA’s
geographic area to protect all habitats
critical to coastal resources and developing
strategies for reducing pollution from
sources currently not required to obtain
CAMA permits or comply with other
regulatory programs. Phase III involves
evaluation of sustainability of our coast on
a watershed, subbasin and critical habitat
area basis and the incorporation of
susizinability goals into county planning.

For Phases 1 and I, each recomumenda-
tion is listed under the specsfic section of
the existing CAMA regulations in which the
change should occur. The section numbers
cormespond to either the North Carolina
General Statutes (N.C.G.$.) or the Nonth
Carolina Administrative Code (NCAC).
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Phase I: Immediate Changes to the
AEC Structure

The coastal resource teams identified
several habitats impomant to fish and
shellfish that need special protection (see
the EST recommendations in section 11
and the Shellfish Team repor in Appendix
A). Some of these critical habitats are
geographically located within the exisung
Estuanne Sysiem AECs. Therefore, the use
standards can be modified or additional
use standards can be added to these AECs
as a first step toward providing special
protection for these habitats. Below s a list
of recommended changes and alterations
to existing use standards — as well as
additional recommended changes that can
be made to CAMA — designed 10 reduce
pollution from a variety of land uses and
activities and thereby better protect estua-
rine habitats and the resources contained
within the existing estuarine AEC catego-
ries. All of the following changes apply 1o
the CAMA regulations in the North Carolina
Administrative Code {NCAC) and in the
North Carolina General Statutes (NC.GS.).

N.C.G.S. 113A-113(9)
Areas of Environmental Concern; In
General:

= Primary Nursery Areas should be
changed to Critical Habitat Areas and
should be expanded to include primary;
secondary; special secondary nursery areas
as defined by the North Carolina Division
of Marine Fisheries; SAV beds (as updated
in 15 NCAC 07H Section .0208 (6)); shaliow
sand areas less than one meter in depth;

" secondary and tertiary channels in shaliow,

ruddy salt marsh areas less than one
meter in depth; and oyster reefs greater
than one square meler in size, with a2 10
meter buffer of submesged shallow sand/
mud areas immediately adjacent to the
oyster reef.

= All Critical Habitats should be
mapped using GIS. Species ublization
should be shown over time. Special
atiention shoutd be given to scale, compat-
ibiliry and uniformiry of the maps. Existing
information should be used where pos-
sible. Afl habitats should be tracked and
maps updated regularly (at feast every five
years).



N.C.G.S. 113A-118.2
Development in Critical Habitat Areas
(Primary Nursery Areas) and Outstand-
ing Resource Waters Areas of Environ-
mental Concern:

1n addition to primary nuisery areas,
the following should be included in Critical
Habitat areas: secondary and special
secondary nursery areas; SAV beds (as
updated in 15 NCAC O7H Section 0208
{6)). shallow sand arcas less than one
meter in depth: secondary and tertiary
channels in shallow, muddy sali marsh
areas less than one meter in depth; and
0}'5[81’ reefs grealer than one aJuare meter
in size, with a 10 meter buffer of sub-
merged shallow sand/mud areas immedi-
ately adjacent to the oyster reef.

Additional use standards for these
areas that have been identified as crucial 1o
the survival and maintenance of a signifi-
¢ant number of estuarine species, whether
designated as Critical Habitat Areas or not,
are listed in 15 NCAC 07H Sections
0205(d), .0206(d), 0208, and .0209e)().

Oustanding Resource Waters AECs
woulid remain subject to the development
standards of this section and should he
subject 10 the same use standards devel-
oped for Critical Habitat Areas listed in 15
NCAC 07H Sections .0205(d), .0206(d),
0208, and 020%(e XD, including the use
standards propased by this study that
appear in the following sections.

N.C.G.S5. 113A-120
Grant or Denial of Permits

The responsible official or body should
deny an application for a permit if it finds
that the proposed development will violate
the use standards developed for Critical
Habwitat Areas in Subchapter 7H, Sections
0205(d), .0206(d), .0208, and .0209¢(eX{}.

15 NCAC 07H
State Guidelines for Areas of
Environmental Concern

Section 0205
Coastal Wetlands

Within the definition of Coastal
Wetlands, salt marshes should be idenufied
as “the area of marsh vegetation and the
immedhately adjacent submerged non-
vegelated muddy areas with an average
depth of one meter in tidal areas, and one
half meter in non-tidal areas ™
Nonvegeiated muddy areas containing

secondary and fertiary chiannels less than
one meter in depth should he considered
Critical Habitat Areas. All subsequent
references 10 "Salt Marshes™ would refer to
this definition.

The following areas, located within the
coastal wellands AEC, should be subject 1o
the specitic use standards listed for each
resource in Section .0206(d) Estuarine
Waters and Section 0208 Use Standards:
primary, secondary, and special secondary
nursery areas; SAV beds, shallow sand
areas less than one roeter in depih;
secondary and tertiary channels in shallow
salt marsh mud areas less than vne meter
in depth; and oyster reefs greater thun vne
square meter in size, with a 10 meter buffer
of submerged shallow sand/mud areas
immediately adjacent to the ovster reef,

The following use standards should be
added 1o betier protect critical habitat areas
within couastal wetlands.

Section .0205(d) Use Standards
* DCM should ensure thart all suitable Jand
uses for coastal wetlands do not.
— change the depth of the
nonvegetated muddy areas adjacent 1o
salt rmarshes;
— inhibit access to salt marshes;
disrupt flow exchanges or hydrody-
NAmics;
— lower dissolved oxygen levels;
— alter detritus accumulation;
— increase rundkf and fresh water
input.

Section .0206
Estuarine Waters

Critical Habitat Areas contain addi-
tional manzgement requirements and use
standards in order to preserve and protect
estuarine resources. Proposed projeds
affecing Criucal Habhilat Areas should meet
ALL new and existing use standards and be
subject to public notice, opportunity for
public comment and agency review.

The following new use standards
should be added 10 better protect critical
habitat areas within estuarme waters:

Section 0206(d) Use Standards

Nursery Areas/Shallow Secondary and
Tertiary Charnmnels fn Sult Marshes

* Prohibit activities that increase water
femnperature by more than 2 degrees
Celstus in summer or decrease water
temperature by more than 2 degrees
Celsivs in winter.

« Prohibit rajor point source dis-
charges, land uses or activilies that generate
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potentially hazardous nutrients, metals.
pesticides, 10xins, oxygen demanding
waste, total suspended solids, bacteria or
hormones within or immedijately upstream
of any nursery arcas or sult marshes ulilized
ds NUKETY areds.

SAV Beds {including J0 meters
surraunding shallow sand area)

* Prohibit development that physically
disturbs seagrass beds, including the 10-
meter shailow sand perimeter area.

* Prohibit development that will result
in, or contribute 1o, nirare levels above 50
micrograms per liter in SAV beds with a
salinity of 25 parts per thousand or greater.

* Prohibit projects resulting in a net
change in sedimentation and siltation o
shallow sand areas.

* Development must not restrict waler
movement in any shallow sand areas that
are one meter or less in depth.

+ Development must not measurably
increase siitation in any shallow sand arezs
that are one meter or less in depth.

Oyster Reefs

« Prohibit any development activities
or fishing practices that would disrupt,
fragment or otherwise physically damage
these beds or the adjacent 10-meter
shallow sand/mud area.

« Prohibit projects that have been
determined will disrupt {low; increase
turbidity; alter water guality to an extent
that buries the oyster bed; impede habitat
or food function; or pose harm o species
utilizing the reef.

Shallow Sand Areas

= Prohibit any development that will
change the water depth or contribuire o
siltation or the towering of dissolved
oxygen in shallow sand areas.

Section .0208(a)
General Use Standards

Before being granted approval for a
permit, there shall be z finding that the
project meets all of the following param-
eters, in addition to those included in
Sections .0205(dy and .0206(d):

» The development project must not
interrupt hydrodynamics, increase runoff,
increase turbidity or nutrient loading,
inhibir access, alter salinity or violate, either
directly or cumulatively, other identified
waler quality standards necessary for the
proper functioning of Coastal Wetlands,
Estuarine Waters and Critical Habitat Areas.

* The development must oot increase
loadings of oxygen-demanding wastes

immediately upstrearn of Critical Habiat
Areas,

* The prokct must not cause any
direct disturbance, alteration or degradation
ot Critical Habita Areas.

* The public benefits of development
musl clearly outweigh the long-range
adverse cumulative impacts of development
if it is found that the development violales
any use standard,

Section .0Z08{aX6)

Pratection of AV beds should extend
outward 2 minimum of 10 meters Of 10 a
water depth of 1 meter, whichever is
greater, in order 1o include adjacem
shatiow sand areas.

Section .0208(b)

Specific Usce Standards

1) Navigation Channels, (2} Hydralic
Dredging, (3) Drainage Ditches, and
{4) Nonagricultural Draivage.

The first four activities listed under
specilic use standards could all be consid-
ered hydromodification. The following
recommendations address all
hydromodification actvities including
Navigation Channels, Hydraulic Dredging,
Drainage Ditches and Nonagricultural
Drasnupe.

= All hydromodification projects must
monitor for dissolved oxygen, metals and
toxicants, turbidity and other applicable
parameters during and following comple-
tion of all hydromadification activities.
Post-monioring should continue until DCM
has determined adequate site suabilization
and assaciated impacts 1o be insignificant.

« All hydromodification projects must
be 3 minimum of 10 meters from a Critical
Habitat Area.

* Hydromodificalion projects must not
violate the use standards listed in Sections
0205(d), 0206(d) and .0208.

» Hydromodification project design
should avoid hulkheading in favor of
vegetative shoreline stabilization or other
more environmentally friendly techniques
where feasible.

* Hydromodification projects should
be subject to the foliowing three-tiered
systermn of use standards:

(1) ITmplement pre-activity
managemeant measures,

— Prohibit hydromodification
projects within 10 meters of SAV beds,
oysier reefs, shallow sand areas and
nonvegetaled sandy/mud area immediately
adpcent 1o these areas, sall marshes, and
shallow muddy areas surrounding salt
marshes.



— Time hydromaoditication projects w0
minimze impacts On MIigralory species.
DMF should be consulted for review in the
case of large hydromadilication progcis.

— Use a cost/benefit determination of
long-term cumulative wnpacts.

— Project must be waer-dependent,

— Project must he sited to minimize
impacts.

= All hydromodilication projects
should be consistent with state interests.

-— Use mathematcal or physical
models 10 identify changes in hydrodynam-
ics. Maintain flows necessary 1o provide
accessibility to critical habitat areas.

— Oxygen deficit, toxins, pathogens,
nutrients, larbidity, total suspended solids
and salinity standards for maintaining water
quality in Critical Habitat Areas should be
considered.

— Require pre-activity sediment
conlammation testing. (DCM and/or DWQ
should determine a suitable sediment/soil
contamination standard for appropriate
poliutants based on sile history. The waler
quality standards should be designed to
protect local water use classification.)

(2) Use the following activity-
concurrent management measures:

— For noncontaminated soils, use 2
sediment-containing device such as a
sediment curtain.

— For contaminated soils, require
sediment curtains or sediment wails and
use 2 watertight clam-shell (hinged) bucket
to remove contaminated material.

— Consider oxygen injection to
raise DO levels.

— Dispose of drained water in areas
with similar characteristics.

— Use submerged ditfusers for
release of noncontaminated spoil in AECs.

— Cap highly contaminated spoil and
utitize diffusers for release of less contami-
nated material.

— Use a Global Positioning System 1o
loczte exact disposal sites.

— Record the exact time, location and
weight of disposal.

— As an alternative o disposal, use
noncontaminated dredge spoil for creation
of marsh hahitat; farmiand application;
commercial development; a substitute for
sand on ice-covered roads; and ceramic
products.

- Use self-propelled, split-hull barges
that do not leak material for transporting
dredge spoil.

(3} Implement post-activity manage
ment measures:

— Schedule maintenance activities
during times of low use by aquatic species.

-— Use permit fees 10 help cover the
costs of monitoning and remediation.

-— Correct all hvdromodification-
related impacts.

{5} Maninas

Every effort should be made 1o locate
marinas in waters with no identified Criticat
Habitat Areas and 1o be consistent with
state and local interests. Marinas should be
sited in locations with adequate flushing
rates. Marina placement, construction and
normmally associated activities should
comply with the use standards listed in
0205(d), .0206¢d) and .0208 Marinas
should be monitored to ensure they are
within performance standarcds.

In addition, marina development
applicants should provide plans that

» include minimum shoreline siabiliza-
tion and use vegetative stabilization
measures when applicable (bulkheads
should he avoided 1o the extent possible),

= minimize effluent impacts;

« determine tidal effecis and flushing
rates;

» combine nonpoint and stormwater
controls into a comprehensive marina
MANagement Program using techniques
such as porous pavement io filter
siarmwater through layers of gravel and
sand before entering groundwater; catch
basins with sand filters 1o collect and
cleanse water from impervious surfaces;
constructed wetlands 1o tfrap sediment; and
stormwater infiltration basins/trenches.

s require mandatory pump-out
stations;

= require any repairs involving
hazardous and 1oxic chemicals 1o 1ake
place at a dry dock;

» require dripless refueling systems;

= require proper hazardous waste
storage and disposal;

+ include monitoring o ensure
compliance;

= include hoater education and
AWArENEss PrORTAMIS.

( 7} Bulkbeads and Shore Statnlization
Measures

(E) Where possible, vegetation and
other low environmental impact technigues
shall be used for shoreline stabilization
rather than gabions and riprap. Prohibit
vertical seawalls and bulkheads.

Section .0209
Esmarine Shorelines

Development considered suitable in
the estuarine shoreline AEC under exisling
CAMA regulations must also follow all use
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standards included in Secuons  0205(d),
0206(d} and 0208 to protect Critical
Habitat Areas.

Section .0602
Development Standards Applicable to
All AFCs

No development shall be aliowed
in any AEC or Critical Hahitat Area if o
directly or cumulatively violates any
use standard developed for the Critical
Habitat Area or AEC as set forth in
Section .0205(d) through Section 0208,

15 NCAC 07K

Activities in Areas of Environmental
Concern That Do Not Require A Coastal
Area Management Act Permit

Section .0400
Classes of Federal Agency Activities
Exempied from the Permit Require-
mernt

DCM should ensure that all federal
activities excluded from acquiring a permit
not violate use standards for, or at the least
minimize impacts 1o, Critical Habitat Areas.

15 NCACO7M
General Policy Guidelines For the
Coastal Area

Section 0800
Coastal Water Quality Policies

s DCM should 1ake the lead role in
coordinating the management of coastal
resources with other divisions and commis-
sions, ve. DWQ and the EMC and DMF and
the Marine Fisheries Commission {MFC).

= DCM should obuain review authority
over cenain MFC decisions. Conversely,
DMF should have review authority over
decisions that affect primary nursery areas.
DCM should work with DMF, the MFC,
DWQ and the EMC w0 address the follow-
ing fisheries management issues.

— Equal consideration should be
given 1o impacts on inveriebrales and
noncommercial/recreational fishes when
establishing regulations.

— A multispecies approach should be
used in fisheries management.

— The potential effects on fisheries of
ratural hormones and those introduced
through animal operations should be
evaluated and moniored. Proximity of
animal operations, animal processing plants
and cerain aquaculture facilities, and the
potential impacts of runoff from these
facilities 10 important fish habitats should
be investigaied.

— The effects of pathogen stimulation
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to fish fTom sources such as sewage and
urban runoff should be evaluaied Known
“hot spots” should be monitored during
appropriate seasons. Proximity of sewapge,
urban runaff, septic systerms and other
sources to imporani fish hataats and the
associated impacts should be invesugated

- Fish kills should be closely moni-
tored and evaluated as a mapor sign of
stress and adverse impacts 1o fisheries.

-— Chronic sublethal impacts of
pollutants discharged o primary and
secondary fish nursery areas should be
thoroughly evaluared hefore such dis-
charges are permitted. Management
decisions should be based on the ouicome
of that research.

* [XCM should seek review from DMF
for projects such as dredging for beach
nounshment, mitigation for bridge con-
struction and associated SAV damage, and
ather activities thar will damage fish or
aquatic halyitat.

Phase lI: Expanding Coartal Resource
Protection

As the Environmental Systems Team
and the Ceastal Resource Teams have
identified, many different human activities
and land uses within our coastal watershed
contribute 1o the degradation of coasial
resources. In order to fully protect coastal
resources from these activities, our man-
agement of coastal waters and coastal
resource quality must expand beyond the
geographic area and the activities currentiy
regulated hy our coastal management
program through CAMA, the AEC structure
and other programs. Implementation of the
6217 program wouid be a stant in the right
direction (U.S. EPA 1993).

Therefore, the CAMA, permilling
process should expand beyond the AECs to
all areas influencing the quality of our
coastal resources.

N.C.GS. 113A-103
Definitions

Consider revising the definition of
“Coastz] area” and “Coastal sound” 1o
inctude the entire coastal watershed or ai
least those portions that can be identified
as significantly influencing the condition of
estuanne resources. In addition, upstream
“noncoastal areas” contain impoant
spawrning grounds for estuarine-dependent
anadromous fish; a revised definition could
help provide some measure of protection



for this critical riverine habitat.

Consider revising the definition of
development to include activities such as
road mainienance; raising of livestock and
peulry; and agriculture, forestry activities
and other land-aliering practices.

N.C.G.S. 113A-215
Designation of Arcas of Environmental
Concern

(C} Ensure that AECs are reviewed
bicnnially and encourage that new AECs
be designated according to the process
defined in Phase [ under N.C.G 5. 113A-
113,

15 NCAC07H
State Guidelines for Areas of
Environmental Concern

Section L0503
Natural and Cultural Resource Areas

New AECs should include anadromous
fish spawning areas, freshwater riparian
buffers and areas of exceptional aesthetic
value. These AFCs should be added to the
Tist of Critical Habitat Areas.

Anadromouas fish spawning areas
should be established as an AEC and
included in the definition of a Critical
Habitat Area. The anadromous fish
spawning areas should include the river
segment used for spawning, the adjacent
ripartian ared that provides shade o the
waler, and the upstream river and associ-
atedd riparian area that has significanm
influence on water quality and water
delivery to the spawning area. All develop-
ment within these spawning arcas should
be subject to the Critical Habitat Area use
standards in 15 NCAC 07H Sections
0205(d), 0206{c}, 0208 and .0209(eXf). In
addition, the following use standards
should apply specifically to anadromous
fish spawning areas:

= Shoreline projects should be
prehibited if they disrupt the riparian area,
especiaily overhanging vegetation, 10 an
extent that results in heating of water,
reduction in dissolved oxygen or delivery
of sediment 1o an extent that would
suffocate or smother eggs or harm adult
fish.

* Hydropower or other water use and
discharge activities should not significantly
disrupt water delivery. No holding of water
followed by large releases that wouid
disrupt spawning activities should oceur.

= Reservoirs or hydropower facilities
shouid be prohibited from discharging
significant amounts of heated waters

upstream of or directly 1o spawning areas.
All reservorrs should include low drain
systemns designed o draw cooler boitom
waters when needed. If bottom waters are
anoxic, resulting downstream dissolved
oxygen tevels should be determined and
oxygenation should be considered.

« Culverts, dams, logjams or ather
riparian cut-throughs that would resull in
exclusion of lish ta spawning areas should
not be permitted.

Current literature on ripartan buffers
should be reviewed to determine adeguate
buffer widths, design and maintenance

* Development that is nonwater-
dependent oc that is known to cause water
qualty degradation should be restricied
from buffer zreas. Examples include
livestock facilities, cropland, golf courses,
timber harvesting, sewage treaiment plants,
sephe systerns, efc, (see diagrams in
Appendix B 1o develop & more complete
Jist).

N.C.GS. 113A-118
Permit Required

The criteria that determine whether a
praject requires a CAMA Major Develop-
ment Permit should be evaluated and
revised. It has been determined that many
other types of development besides those
currently required to obtain a CAMA major
development permit contribute directly,
and on a cumulative basis, to resource
degradation. This would make the CAMA
Major Development Permit applicable 10 a
greater diversity and number of projects
and allow the impacts of each individual
development project 1o be considered and
assessed on a curmiative basis. An associ-
ated recommendation is to improve the
CAMA permitting process.

N.C.GS. 113A-120
Grant or Denial of Permits

An applicant's record for at least seven
vears prior to the application date should
be considered in order to identify any
previous violations,

N.C.G.S. 113A-124
Additional Powers and Duties

Fully utilize section (a)(1) in order to
ensure that a sufficient amount of evidence
has been made available for a balanced
judgement 1o be made regarding develop-
ment in an AEC.
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15 NCAC OTH
State Guidelines for Areas of Environ-
mental Concern

Section 0205
Coastal Wetlands

The following are general recommen-
dations that shoukd be considered for better
pratection of coastal wetlands.

s DCM should make every effont w
protect coastal wetlands that serve as
Critical Habitat Areas.

s Wetlands adjacent to tish nursery
arezs should receive special protection.

¢ DCM should identfy. evaluate and
map wetlands according to indigenous
species habitat, warer characieristics, tidal
flows, soil type and existing land use
similar to the current Advanced ldentifica-
tion (ADID} program.

* [*CM should rank wetlands hased on
value factors, identify additional areas
where Critical Habitats are located, and
manage future development based on use
standards developed for each resource.

= XM should make significant efforis
[0 restore, enhance and create coastal
wetlands as stated in 15 NCAC 07M Section
0700 Mitigation Policy.

s DCM should further identify effective
wetland mitigation technigues, determine
appropriate ratios for mitigation {wetlands
construction versus wetlands destroyed}
and establish mandatory wetland mitigation
efforts.

= DCM should set up a fund, using
permit fees, to help defray the public costs
of mitigation and monitoring for a perind
of at least 20 years o assess changes in
species diversity, water level and water
quality. Other innovative monetary
prograrms should be investipated and
considered.

* The permit applicant should be
made aware of the costs associated with
mitigation and be responsihle for the
financial burden associated with wetland
mitigzation.

+ Nonregulatory programs such as
land acquisition, tax credils, suhsidies,
transferable development rights and
environmental education should be used to
prevent wetland disturbances.

Section .0206
Estuarine Waters

The following recormmendations
stiould be considered for better protection
of estuarine waters. Many of these pro-
posed changes will require interagency
coordination, especially with IDX¥Q.
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{d) Use Standards

v 1dentify acveptable und suitable
land uses and ensure that development
meets established surface water guahity
standards and identified carrving
capacuies for turhidity, T8 salinis, DO
axygen. oxins, pathogens and nutnents
both mdividually and cumulatively. Water
quality standards should b developed
hased on the location and ype of
individual resources found within the
estuarine water; the type. extent and
density of existing development, and the
type. extent and density of future
development.

* The classification "Outstanding
Resource Waters” should be revised 1o
include waters that, with some level of
restoration, may feasibly be classified as
an ORW or that were formerly an ORW

* Enhance and restore the guality of
water bodies 10 their highest possible
classification. Warer gqualiny standards
should be based on the potendal water
quality classification for the water body,
not on existing classitications. Efforts
should be 1aken to ideniify degraded
areas that may be restored 1o QRW or
HQW sratus and take the appropriate
mitigation effons to restore these waters,
hased on technical and economc
feasibility as provided in 15 NCAC 07M
Section (0700 Mingation Policy;

« Establish programs and increase
incentves 1o better manage Crincal
Habitm Areas in private ownership:

= Quantify and estahlish cause-andg-
effect relationships between land-use
aclivities and surface waler quality;

» Establish a program for mandatory
implementation of BMPs in highiy
degraded waters, based on resource
value degradation:

* Coordinate with D¥'OQ 10 monitor
incidence of fish kills and diseases and
evaluate them as indicators of system
stress and water quality degradation. The
monitoring system should include an
emergency response program for off-
hour kills so that the causative agents of
kills can be more accuratety evaluated ar
or near the ume of death;

= Suengthen the use of biclogical
indicators to determine hazardous jevels
of toxics. Biological indicators should
include species representing the entire
food web. Species should be exposed to
samples of riverine and estuarine wte
and sedirment and their survival ob.
served. Salinity. dissolved oxygen. pH.
pathagens and other factors should be
examined simullaneously (o detemune if
they are allecting survival Changes in
reproduction, growth and betuviar and
other impacts should also be montored;



« Minimize the discharge of metals,
pesticides 2nd other woxic substances to
the estuanne sysiem.

Section 0209
Estuarine Shorelines

= If DCM's intended benefit of the
estuanine shoreling AEC is (o protect
estuarine resource quality, then this needs
w0 be clearly stated and development
slandards made more restrictive. Exclusion
of cenain activities and land vses from the
estuarine shoreline should e considered.
DCM should compile a list of activities and
land uses thart are to be excluded from the
estuarine shoreline, including ones that are
not water-dependent and are known to
contribute o degradation of water quality
and coastal resources.

+ The parameters that curently define
an estarine shoreline should be evalualed
and updated 10 ensure that they adequately
encompass all activities that have a
negative effect on estuarine resources or
contribute cumulatively o estuarine
resource degradation.

+ The existing 75-foot estuarine
shoreline setback and the 573-foot setback
adjacent to HQW should be revised and
increased 1o better address cumulative
impacts of development currently falling
owside of this boundary.

= DCM should allow for a mutual
exchange of information with the permit
applicant during the preproject pianning
stages of development. This should help
DCM determine possible project shorcom-
ings and potential changes in an attempt o
minimize permit processing time and costs.
In addition, this will provide an avenue for
discussion between applicants amxd DCM
and allow a more efficient decision
regarding 2 CAMA development permit
within the estuarine shoteline AEC.

The following recommendations
provide a more compiehensive apprcach
to better manage development and
reduce cumulative impacts of develop-
ment within the estuarine shoreline AEC.
These recommendations are tailored o
specific land uses or human acuvities
that the resource teams identified as
causes of coastal resource degradation.
CAMA permiting should expand o
address all the following activities and
land uses.

Residential Development and
Commercial Development

* DCM should establish internal
specification standards for evaluating
plans/activities prior (o permit approval.

Permir applicanis should be made aware
of these standards and what musr be
undertaken o minimize resource inpacts
and should be required o adequately
address the standards as a condinon of
permit approval.

The following criteria could be
included in the development of evalua-
tion standards:

— requirement of lemporary and
permznent remedial measures for
addressing sedimentation and runall,

— standards for effective mimimum
buffer widths, [ilter sirips, sethack
requirements, constructed wetlands, on-
site containment and filtretion devices,
and impervious/permezble paving ratios
based on pollutant removal and
hvdraulic containment capabihties and
efficiency,

— development-density standards
for different land uses based on proxim-
ity 1o surface water, groundwater, nearby
ESHLINNE TESULICes, OPen Space
preservaton and existing development;

— increased flexibulity regarding
stormwater treatment efficiency and
reuse, design specifications, and
temporary stormwater detention devices.

* Require that minimum subdivision
development plans be 21 an accurate,
appropriate, project-specific scale and
should include standards that address the
following:

— topographic deuail relative 1o
project size;

— existing site conditions and
critical area mapping;

— clearing limits (especially near
wetlands and ripanan buffers).

— activities scheduling;

— matenal and equpment staging/
SLOMAgEe ATEES,

— temporary and permanent
stabilizztion/erosion-conrrol methods
hased on hydraulic/sedimen: calcula-
tions, not existing sedimentation and
eros1on standards;

— maintenance/femoval procedunss
for BMPs and other devices:.

— extensive monitonng, mainee-
nance and performance reviews.

» Encourage Incal governments 1o
adop! ordinances (0 Minimize impervious
surface. Examples include:

— narrower road widths;

— chuster development to reduce
road lengths, and maintin open spaces
adjacent ta surfice waters as treatiment
areas,

— restrictions on lavout of suhdivi-
sion cul-de-sacs and roadways 1o reduce
impervious surface and encourage
nfiltration of stormwarter,;

— use of pentaus materials for
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driveways:

— restnictions un the number of
parking spdces per square foot of
commercul develepment o match
average dily use. not potential max-
mum. and requtrenient that all overflow
parking be constructed using pervious
materils.

= Improve statewide databases on
vegetation. hydrology, soils and topegra-
phy and make the information available
to all sectors o suppen plan develop-
ment.

= Provide funding 10 supporn
educational programs about the impacis
of development on estuarine resources.

* Provide state trainding and
certificauon for DCM field representa-
tives, iocal permitung officers, the Lind
Quality Sectian of DEM, developers,
contractors, silviculturists and farmers on
the use of BMPs and methods of
controlling sedimentation and erosion,

® Require preconstruclion meetings
herween permit applicants and local
permit officers or DCM field representa-
tives,

* Increase financial ncentves for
project compliance:

— Establish plan and site review

fees.

- Provide tax credit for compli-
ance,

— lncrease fines for noncompli-
ance,

— Allow temporary work stoppages
without court orders based on noncom-
pliance.

— Require proof of financial
viability Tor covered activity.

* Encaurage the use of innovative
approaches to treating stormwater runoff
that combine a variety of lechniques
such as vegetated filers, wet and dry
detenzion ponds, constructed wetlands
and infiltration devices.

+ Require all new developments (o
utilize on-site stormwater controls.

= Require local governiments o
adopt ordinances and zoning to maintain
freshwater ripanan and estuarine
shorelines. Develop guidelines for
maintaining these buffers and educaie
landowners on the imporance of the
buffer. its appropriale uses and effective
maintenance Post signs 1o indicate the
extent and locaton of all buffers.

Conastruction, Road-Building, Forestry
Practices and Mining

+ Require all current land-disturbing
activities to be included in Tand-use
management plans filed by iandowners
or managers that indicate how the land is
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tieing used and nunaged and if it oay
bt cleared or convented to a different
lund use in the luture.

* Review construction plans i
determine the effectiveness of temporany
control measures 1o be used during
project activity and permanent nunage-
ment measures, For example, will 2 wet
detention pond sulfice for the litelime of
the project?

o Prowvide funding o perform plun
reviews, permitting and sile inspection at
the local level with regulatory consis-
tency and technical assistance provided
by the stte,

* Develop an educational program
w0 inform all age groups abow the
dangers of sedimentation and the
impottance of erosion control Establish a
number for citizens to repon violators
{i.e. sites with improper or malfunction-
g controls or no conrols at 2lb) and an
EMEergency response program with
adequate personnel and funding.

Golf Courses

= Quantify the localized unpacts.
meluding the effects on the aguatic
community of golf course development
and managemenl on coastal resources
and water guality.

= Establish etfective BMPs 1o
increase the environmental compatibiliy
of golf courses with coastal resources
and water quality.

« Develop an incentive program to
accelerate adoption and implementton
of effective BMPs on golf courses.

* Create user awareness of the
environmenial costs of intensive golf
course management and maintenance.

» Ensure the thorough and proper
siting of golf courses by withholding
permits based on poor course develop-
ment that is inconsistent with estuarine
water quality management objectives

+ Encourage the development of
golf courses in areas thar are already
disrupted or degraded. where the gaif
course installation and proper manage-
ment cauld serve o improve condiuons
of surrounding waters rather than
degrade pristine areas.

» Encourage the use of teated
wastewater inciuding innovations for
water reuse for goll cours: imgaton.
especially for developments that pair a
goif course with residential housing and
that have treatment works designed lor
domestic wastewater only

Municipal Wastewater Treatment
Plants

+ Establish nitrogen-reduction
targets ior various river basins and



subbusing and mechanisms 1o see that
they are achieved.

+ Implement human population
density control planning Comprehen-
sive, long-term  projections of the
relationship berween human population
density and estuarine water quality on 2
basinwnrle. subbasin and a localized scale
will help loczt governments prepare for
growth.

= Maintain and expand the
phosphate detergent ban. The phosphaie
detergent ban should be maintained for
domestic detergents and expanded to
industrial detergents. This strategy is
more effective in freshwater systens
where phosphorus is limiting and may
nat be as effective in nitrogen-limiting
estudrine waters, However, both
nutrients should be controlled.

= Enhance industrial pretreatment. It
is more economical and effective for
industry 1o minimize the quantity of toxic
substances resulting from an industrial
process than to treal it at 2 municipal
wastewater treatment plant. Require
industries 1o phase out use of major toxic
substances that barm sensitive coastal
areas.

* Mandare programs that require
water conservation and reuse. Reducing
the overall quantity of water used
reduces the amount ultimately needing
treatment and reduces the need for new
warter supplies, Thus, conservation
reduces the need to diven ecologically
imponant freshweater flows from
esiuaries.

» Expand household hazardous
waste reduction. Education and outreach
to households can reduce the quantity of
hazardous chemicals vsed and improve
disposal practices. Imprave frequency
and extent of household hazardous
wasle collection at the county level.

= Research and implement nutrient
trading. A system of buying and selling
of pollutant discharge atlowance
quantities among point and nonpoint
source polluters can be economical and
reduce current overall pollutant loading
levels. Limits should be set to ensure that
the trading process begins in the near
future.

= Rely on strong standards and
permits. Compliznce measures would
strengthen wastewater reatment by
prescribing exactly how much of a
pollutant 2 discharger is allowed 10
release. Standards shouid be developed
by river segment or subregion for
nitrogen, phosphorus, enterococed and
othet variables.

= Carefully examine alternatives
such as effluent, user and product

charges; tax differentiation, and subsj-
dies. Use financial incentives and
penalties Lo matage the amount of
pollutants being discharged. Develop a
strong integeated program with benefits
that are returned to the regulatory
Program.

* Reuse and recycle treated sewage
wastewarer and apply slodge over Lind
Reusing and recycling are potential ways
10 nuniruze disposal requirements and
reduce treatment custs.

* Increase the efficiency of
municipal treatment plants in removing
outrients. Better removal iechnologies
can reduce the amount of nutrients being
dhscharged intn the estuarine environ-
menl. Such echnologies should he
mandatory in Nutdent Sensitive Waters
and should include nitrate as well ax
ammonia and phosphorus removal.

» Research and develop natural
wastewater sysiems and constructed
wetland treatment systems. Copying and
utilizing the pollutant removal mecha-
nisrns of existing natural systems may
prove both efiective and economical.
Artificial systems should not, however, be
developed to replace natural wetlands
that would be lost through increased
development.

* Base reatment requirements on
environmental conditions. The degree of
treatment required of a discharger would
be dependent upon the scwal eaviron-
mental status of the receving water body
and associated parameters. For example,
Nutrient Sensitive Waters should be
managed with effective, enforceable
mechanisms 1o reduce both total
inorganic nitrogen and torzl phosphonas
loadings.

* Develop and implement bener
ways 1o identify water pellution.
Accurate, inexpensive and effective ways
to identify hacterial, virus, and patho-
genic waler contamination are greatly
needed. For example, other states have
adopted enterococc as a standard.
Potential usefulness of fecal coliphages
should also be considered.

* Choose apprapriate sites for
waslewater reatment plamts. Place new
weatmnent plants in areas that can best
handie the amount of effluent that the
plant will produce.

Pulp and Paper Wastes

» Eliminate chinnne bleaching
procedures. Expand the use of oxygen of
ozone bleaching or eliminate bleaching
altogether.

« Promote paper recycling, reduning
the need for new sources of paper.

= Improve treatment technologies
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reduce nitrogen and phosphons
distharge amounts. Better removal
technologies can reduce the amount of
nutients bemng discharged into the
RN CRVIFONO® L.

Aquaculture

= Continue with the existing DEM
permilting requirement thiat addresses
site alterations and pond construclion.

* Pond review should also consider
impacts to downstrearn habiats such as
oyster reefs and prisedry nursesy areas, 1
release of eutropluc or arbid water from
the: Facility will negatively impact the
habitat, pond location and/or operation
should be moditied Deny permuts if
impacis are unavoidable,

Seafood Processing

» Continue with the exisung NPDES
and stormwater discharge permitting
pracess managed by DWQ.

= Provide DCM with all permit
information obtained by DWQ.

On-Site Waste Treatment/Septic
Systems

* Accelerate research, adoption and
implementation of akernative on-site
wiuste reatment BMPs. Evaluale the
effectiveness of BMPs using the expertise
of aquatic eccologists as well as engineers
and other technical experts.

* Estublish wide-scale demonsira-
tions and evaluation for site specific an-
site waste treatment alternatives.

s Increase awareness of the need
for homeowners to conduct routine
SEPLC SYstem trainenance.

+ Expand the junisdiction of waste
managemwnt entities (o provide routine
inspection of all types of s¢ptic systems.

« Implement a policy requiring low-
flow systems in critcal areas.

Agriculture and Forestry

The following activities should be
used to encourage those engaged in
agriculture and forestey activities to take
an active role in nuniMizing cstuarine
resource degradation.

* Determine individuals not
currently participaling in Agricuiture Cost
Share Program and expamd incentives for
voluntary BMP implementation.

= Increase funding to provide
technical assistance for BMP implementa-
ton.

= Correlate and rank BMP effective-
ness assocrated with speafic land uses
and resources in Nonh Carolina's coastal
region or watersheds.

= Tailor incentive programs to target
BMFP implementation based on docu-
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mented effectiveness for given land use
and idemified water Quality problems.

* Adopt and extend the Farmstead
Assessment System 10 facilitate 2 “whole”
farm environmental assessment on water
quality .

v Expand educational awareness of
the potential risks 10 coasial water guality
through implemeniation of an enviton-
mental assessment program on all farms
in the identitied coastal region. Target
farm trade shows, banks and ferilizer
companies for expanded ourreach and
education regarding coastal water qualiny
issues.

* Increase incentives for producers
10 adept production practices thut reduce
applications of chernicals.

» Strengthen compliance and
enforcement tw detect and correct water
quality violations resulting from nonpoint
source pollution.

Section .0500

Natural and Cultural Resource Areas
This AEC category should be bener

utilized (o promote the protection of

¢stuarine respurces.

15 NCAC 07K

Activities in Areas of Environmental
Concern That Do Not Require A Coastal
Areca Management Act Permit

Section Q208

Single Family Residences Exempited
Ensure that all single family residences

that are exempted from the CAMA permit

requirement are consistem with the criteria

for the estuarine and ORW shoreline AECs

propased by this repart.

15 NCAC O7M
- General Policy Guidelines for the
Coastatl Area

Section .0700
Mitigation Policics

* TICM should work with DWQ to
restore coastzl waters (o their assigned yse
classifications and to restore associated
resources to their appropriate function. In
areas suffering from water guality problems
identified by the Water Quality Team (e
nuisance algae biooms. fish kills. eic). the
chars in Appendix B should be used 1o
determine the human activities and land
uses that are causing the problem. The
geographic area over which the activiues
are occurring should then be determined.
Management measures identified by the
EST should be implemented 1o reduce the
contribution: from each iand use or human



activity within the appropriate geographic
dAred .

* DCM should develop a retrofining
program for developed areas to enhance
existing ranoff control structures or
conveyance syslems in order (o improve
estuarine water quality. Regional
stormwater faalities should be examined as
i potential mechanism to mitigate the
impacts from existing development.

* DCM should idenlify priority
wetlands for restoration. These should
inciude wetlands near critical habitat AECs,
ORWs, HQWs or other important coastal
resources, wetlands that would be maost
easily resiored, and wetlands thar are
considered hugh value because of filtering
capacity or habitat for endangered or
threatened species. For example, high
priority should be given 1o restoration of
freshwater riparizan wetlands along sloped
riverine shorelines because of their water
cleansing ability and to brackish and
saltovater marshes near SAV because of their
ability 10 pratect the grass beds.

= DCM should work with DMF 10
increase available fisheries habitat through
mutigation. Priority should be given to
restoration of access 1o historical anadro-
mous fish spawning areas.

s Mitigation projects for SAV beds and
ovster reefs should consider the context of
the habitat and its funclions. Adequate
shallow sand or sand/mud area and flow
currents must be maintained for both oyster
reefs and SAV beds.

= Migratory and access routes for fish
rmust be maintained in ail preservation,
restoration and creation efiorts.

Section 0800
Coastal Water Quality Policles

This section may provide the founda-
tion for extending coastal area management
heyond the existing coastal boundary and
allow for the implemeniation of manage-
ment actions and recommendations outside
of the existing defined coastal area. This
management should apply 1o the entire
coastal watersbed and all land uses
and buman activities contributing to
degradaiion of coastal resources. In
particular, the land-based recommen.
dations this report proposes for the
estuarine sbhoreline should be appiied
to the entire coastal watersbed.

* DCM should use this section to
improve estuarine resource quality by
taking 2 hasinwide approach (o estuarine
resource management through the imple-
mentation of BMPs and other recommenda-
tions described in this section of the repon.

This approach should include reductions w
point, nonpoint and atmospheric sources of
pollutants.

» Use this section to evaluate the
feasibility of using freshwater riparian
buffers along identified critical habitat
areas.

Phase lil: Sustainabllity and Land/
Water Use Planning

Sustainability

In order to adequately address the
cumulative impacts of growth and develop-
ment on our coastal resources, North
Carolina's coastal management program
must evaluate the sustainability of the coast
on a watershed, subbasin and critical
habitat area basis. In addition 1o the
recommendations presented in Phases |
and 11, which suggest specific amendments
to the existing CAMA management stric-
ture, Phase HI cudines a procedure for
determining the threshold of development
that each specific coastal environment can
tolerate. It also outlines steps for imple-
menting the regulations to ensure this
threshokd s not exceeded.

In order to determine the sustainable
level of development that can occur along
the coast without impacting identified
Critical Habitats, an Area of Influence for
each hubitat type must first be determined.
The Area of Influence is the region imme-
diately surrounding a Critical Habitat in
which existing or proposed development
would directly or cumulatively impact the
habitat. DCM should initiate a swidy to
identify the development variables that
determine Areas of Influence and examine
the relationship between critical habitag
function and these development variables
such as the percentage of impervious
surface, area of land disturbance, septic
tank density, buffer strip width, human
population density and animal production
density.

This evaluation should consider the
current condition of North Carolina’s
Critical Habitats based on the existing level
of development. Measures of critical habitat
function could include closure of shellfish
beds to harvesting or other losses of
important shelifish community function(s),
health of seagrass beds, and species
utilization of forage, nursery or spawning
areas. The results of this study should be
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used to set imitations on the amount and
type of new development, in terms of
identified variables, that can occur within
the Area of Influence while maintaining the
quality and functions of the Critical Habi-
1ats. If the area of influence for the critical
habitat is found to extend beyond the
current 75-foot estuanine shoreline bound-
ary, then: the boundary may need to be
expanded near certain critical habitats; an
AEC subcategory may need to be estab-
lished to identify and regulate the develop-
ment that is outside the existing geographic
coverage of the AEC structure, but is
influencing the condition of the critical
habital; or a new AEC category may need
10 be established 10 provide special use
standards for the hahitat and its associated
area of influence. Critical habitat and area
of influence delineations and their sustain-
able development levels would be identi-
fied by and maintained through county
land-use plans.

Sustainability evaiuations should also
be applied to protect coastal water guality
on a watershed or subbasin level and, as
needed, on a smaller scale to protect
Qutstanding Resource Waters from the
cumulative impacts of development.
Measures of water quality function should
include frequency and occurrence of fish
kills, aigae blooms, contamination of water
and sediment above curent acceptable
standards by metals or toxicants and
accelerated levels of pathogens of known
importance such as bacteria and woxic
algae.

The implementation of county land-use
plans must first be strengthened 1o incor-
porate the concepts of sustainability and
protection of coastal water and Critical
Habitat quality into county land-use
planning. Currently, many counties com-
plete land-use plans in order to comply
with CAMA regulations but never utilize
these plans 10 guide growth and develop-
ment. Consequently, many of these plans
are falling short of the goals and objectives
set forth in 15 NCAC 07B land Use Plan-
ning Guidelines. Technical assistance and
waining should be provided to counties
developing their land-use pians.

Land-Use Planning

Lang- and warer-use planning must be
better utilized to protect coastal wetlands,
critical habitats, freshwater riparian areas,
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estuarine shorelines, estuanine waters,
other existing AECs and other imponant
coastal resources. As pointed out by the
EST, planning can incorporate local needs
and values in decisions thal also protect
important natiral and cultural areas.
ldeally, planning allows local poticy-
makers to be oriented toward the future,
rather than reactive and crisis-oriented.

Planning can be used to mitigate
cumulative impacts. However. 1o do so
adequately, plans must be interjuris-
dictional, include both land and water
areas. and be enforceable. Ideally. the
Coastal Resources Commission and the
Division of Coasial Management should
require that plans be extended beyond
their current land-based focus to include
water areas within each county. The
commission and the division should then
review the existing planning guidelines in
15 NCAC 7B Sexction .0200 1o determine if
they provide a development blueprint that
adequately protects critical habitats and
areas of influence. The 1990 Albemarle-
Pamlico Estuarine Study report entitied
North Carolina’s Estuaries: A Pilot Study for
Managing Multiple Use in the State's Public
Trust Waters {Clark 1990) contains a model
CAMA land- and water-use plan that could
provide guidance.

Plans from different counties or
municipalities that encompass the same
watershed or river basin should be coordi-
nated. The CRC and DCM should require
that local governments work together
through the planning process o protect
critical habitats and the associated areas of
influence. This requirement should be
reflected in the CRC's planning guidelines.

CAMA should be amended to require
that all local ordinances be consistent with
approved plans. Currently, ordinances must
be consistent with plans only if they affect
an area of environmental concern. Since
AECs encompass only about three percent
of the land area of the 20 coastal counties,
this is a substantial weakness that inhibits
the implementation and enforcement of
plans.

This type of land use planning should
eventually extend beyond the existing 20
coastal counties and include ali land arcas.
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Appendix A

UTILIZING COASTAL RESOURCE
QUALITY TO ASSESS THE CAMA AEC
MANAGEMENT STRUCTURE

WATER QUALITY TEAM

( Dr. JoAnn Burkholder, Assistant
Professor, Botany Department, N.C.
State University

(1 Dr. John Parsons, Assistant
Professor, Biological and Agricultural
Engineering Department, N.C. State
University

{J Dr. Don Stanley, Senior Scientist
and Associate Professor, Institute for
Coastal and Marine Resources, East
Carolina University

U Dr. BJ. Copeland, Director, North
Carolina Sea Grant College Program

Water Quality

For the purposes of this swudy, “good”
water quality for coastal North Carolina is
defined as the absence of six perceived
problems:

I. fish kilis and disease

O. nuisance algal blooms

IH. shellfish contamination, disease,

kills and closure of shellfish beds

IV. reductions in fish stocks

V. nursery habitat reduction

V1. human health hazards.

Although it is recognized that these
problems may result from more than poor
or degraded water quality alone, this
summmary focuses only on the aspects of
water quality that contribute to the six
problems. Other reasons for these prob-
lemns, such as overfishing and bycatch,
which expedite the reduction in fish
populations, will be addressed separately
by the fish and shellfish teams.

Following is ani outline of the six
specific water quality problems, the
conditions that cause them, and the natural
and human-initiated factors that contribute
10 these conditions. Many of the water
quality conditions and their contributing
factors are interrelated, and some of these
interrelations are discussed. However, the
natural and human-initiated factors are not
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discussed in great detail; they are merely
listed to provide the Environmental Sys-
tems Team with some insight as to what
activities should be included when devel-
OpINg a Mmanagement stralegy to prevent
coastal resource degradation due 1o the
cumulative impacts of development.

PROBLEM AREA I: FISH KILLS AND
DISEASE

Situation

Fish kills and diseases are extremely
imporant for several reasons and must be
addressed within the framework of coastal
resource management. Four important
factors and considerations associated with
fish kills and disease inciude: (1) the
impacts on the biomass of the stock may
be great; (2} fish disease and kills are not
aesthetically pleasing: (3) there is a poten-
tial relationship between aguatic animal
health and human health: and (4) fish
health may be an indicator of general
ecosystem health (Copeland and Steel
1991).

(1) Fish diseases and fish kills, coupled
with the continued harvest of a species,
may significantly reduce the stock of that
species 1o a point where future stocks may
be compromised and unable to rebound 1o
adequate or sustainable levels.

(2) The visible impacts of fish disease
and fish kills can decrease public demand
for fish. limit the geographical extent from
which fish can be harvested, and lead to
the implementation of reactionary and
potentially inappropriate management
actions that fzil to address the inherent
complexity of the problem. A poor public
perception regarding fish health and poor
water quality will ultimately result in
economic problems for both the commer-
cial and recreationatl fishing industry (Perry
1987}

(3) Fish exposed to poor waler quality,
contaminants and stress often respond
similarly to mammals and develop similar
problems. In addition, human consumption
of discased fish may pose a potental risk
w0 human health since the pathogens that
affect the fish may also affect humans as
well (Sindermann 1983).

(4) Fish diswases and fish kills may be
an indicator of suboptimal environmental
conditons. Although studies have shown



that there may be a comelation between
general ecosystem health and fish health, a
direa cause-and-effect relationship has not
yet been established (Copeland and Steel
1991).

Although the cumulative effects of
disease on populations of aquatic organ-
isms are not well understood, the potential
for considerable damage exists (Copeland
and Steel 1991). Because biological param-
eters associated with environmental quality
vary both temporally and spatially in
nature, the presence of a fish disease may
not be readily known until the disease
manifests itself in the form of a massive
fish kill. For this reason, fish kilis have
historically been used as an indicator of
fish disease (Copeland and Steel 1991).

Even though a massive fish kill is an
acute phenemenon, it is most probably the
result of disease and infection stimulated
by a ielatively slower. complex and chronic
deterioration in water quatity (Wedemevyer
et al. 1984; Green 1984, Stewan 1987).
Unfortunately, the signs of water quality
degradation are often difficult to detect
since any associated problems may be
refatively small and considered unimpor-
1ani. Often, a serious decrease in water
quality is not realized unti] the devastating
consequences, such as a massive fish kill,
become apparent.

The Albemarle-Pamlico Estuarine Study
has qualified the problems of fish kills and
disease in the Albemarle-Pamlico cstuarine
system. In regard to fish kills, the Status
and Trends Report of the Albemarle-
Pamlico Estuarine Study states:

“Another major environmental con-
cern of the fishing industry and fishery
mandgers is the increasing occurrence of
Jish and cvab kills in the Albemarie-
Pamlico estuarine system, especially in the
Tar-Pamlico River. A iotal of 87 fish and
crab kills were reported in the Tar-Pamlico
River between 1960 and 1984. From 1985
to 1987 a totai of 31 fish and crab kalls
were documented by the N.C. Division of
Environtmenial Managemen! (DEM )} in the
Tar-Pamlico. Most of the documented kills
bave been attributed 1o bypoxia catsed by
aigal blaoms or salinity stratification and
bave occurred during warmer months in
localized areas.” (Copeland and Steel
1991)

In regard to fish disease, APES con-
cluded:

“Duning the 1970s, large numbers of
[freshuater finfish species in the western
portions of Albemarle Sound were affected
by red sore disease. Approximately 50
percent of all commerciaily harvested
finfish were observed with red sore disease
during peak occurrences. While red sore
disease subsided in Albemarie Sound mn the
1980s, & multitude of ulcer-diseases has
accurved principally in the Pamiico River,
as well as in other areas. Most of the
commercially important estuarine fish
species utilizing the Pamiico River bave
been abserved with lesions. The most
prevalent disease is ulcerative mycosis, a
Sungai infection primarily affecting Alan-
tic menhaden. As many as 80- 100 percent
of the Ailantic menbaden in random cast
net samples bave bad wicerative mycosis.
And more recently, an ageressive sbell
disease bas been noted on bliue crabs in the
Pamiico River. " (Copeland and Sieel 1991 )

Between 1980 and 1989, 153 fish kills
involving approximately 260,000 fish were
documented in North Carolina (NOAA
1991). Others are likely to have occurred,
since North Carolina’s fish kill records were
recognized as the most incomplete among
the Southeast United States {errata for
NOAA 1991; Burkhoider et al. 1995).

Causes of Fish Kills and Disease

The three main causes of fish kills and
disease in North Carolina’s estuaries have
been identified as (A) oxygen deficit, {(B)
the presence of toxicants in the sediment
and water and (C) pathogens. These three
causes, and the natural and anthropogenic
factors that contribute 10 each cause, are
described below.

A. Oxygen Deficit (Hypoxia/Anoxia)

Hypoxia cccurs when dissalved
oxygen levels are very low, whereas
anoxia is the compiete lack of oxygen.
Dissolved oxygen is essential to the
respiratory metabolism of most aguatic
organisms, which will die without it.
Befere there can be sefious anoxia or
hypoxia (especially in the Pamlico Sound ),
however, there must first be stratification
— high levels of dissolved oxygen near the
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surface decreasing to much lower levels
near the bottom.

Stratification, 2 patural ovcurrence in
North Carclina's coastal sounds and
estuaries, results from salinity differences
that contribute to layering: dense saline
waters become trapped heneath lighter
fresh water. Stratification is most common
in the upper reaches of the estuaries
during periods of high runoff. Pronounced
stratification usually lasts for two to thiee
days and is ended by mixing of the water
column due to winds and storms. Bottom
waters, however, do not urn anoxic or
hypoxic with every stratification event
because muxing occurs before complete
oxygen depletion takes place. In addition,
anoxia and hypoxia are nol common
during the winter because lower tempera-
tures slow down the production and
decomposition of phytoplankton. Low
oxygen levels usually do not occur in the
bottom of the estuary when temperatures
are lower than about 20 degrees Celsius
(Copeland and Steel 1991).

Twenty years of sampling of the
Pamlico River estuarine system indicates
that mixing events naturally occur about
every five to seven days (Stanley 1992}
Trend analysis over this period shows that
although the frequency and duration of
stratification events have not changed,
human impacts have caused an imbalance
between oxygen consumption and oxygen
production within estuarine waters. This is
because oxygen-demanding wastes and
dead algae and organic matter settle to the
bottom where they consume oxygen
through respiration and decomposition. As
a result, increased loadings of oxygen-
demanding waste have increased the rate
of oxygen depletion in estuarine walers
during stratification events. Even though
the frequency of stratification events has
not increased, the frequency of oxvgen
depletion during stratification has.

Since the rate of oxygen depletion has
increased, the frequency of occurrence of
anoxia and hypoxia during stratification
events has aiso increased, thus, as Stanley
says, “forcing the estary 10 hold its hreath
longer and more often.”

Contribuiing Factors:

1. Stratification of the water colurnn
4. salinity
b temperature

¢ circulation/wind (weather)
d. increased river flow
wourban development — conuneretad
and residential development and
industrial sites
i. hydromodification -~ e, ditching
and draining
ui. amount of rainfallruncff
2. Loading of oxygen-demanding organic
material
a. pulp mills
b wastewaler treatment plants
<. animai facilities
d. marinas
& boat and barpe usage
f seafood processing
g forestry opertions
h. sepric systems
3 Internal decay of algav, aquatic vegettion
and other organic material that consumes oxygen.
Often a cydle of nutrient loading results in algal
hlooms that consume oxygen when they decay
after dying. See Problem Area I1: Nuisance algal
Blooms for inforenation ahout the causes of and
contributing factors 1o, algae blooms

B. Presence of Toxicants in the Water

and Sediment

Heavy metals and other trace elements
are normal constituents of most ecosys-
tems. However, natural concentrations are
often supplemented by the activities of
man {Riggs 1993). The fate of 1oxins and
metals that enter the estuarine system
depends on many factors, including
physical and chemical environmental
conditions, the form and manner i which
an element is incorporated into the system.
and the specific activities and characteris-
tics of the aguatic orgznisms found within
the esmarnine system. As a result of con-
tamination by toxic pollutants such as
heavy metals, pesticides, PCBs and dioxin, -
aquatic life functions may be iost. These
losses can be traced o disrupted communi-
ties, higher incidence of fish disease and
changes to populaticn dynamics such as
reduced fecundity, reduced survival of
juvenile stages, and fish kills.

Most toxicants are considered conser-
vative substances and are not readily as-
similated into the estuarine sysiem. Rather,
they tend to accumulate in the finer sedi-
ments of the estuary and can result in ex-
tremely high concentrations that can be
potentially harm fish (Cunningham 1992).
Since toxicants can accurnulate over time,
the continued loadings of toxins and met-
als 1o coastal waters are as important as the
current extent of toxicant contamination,



The presence and degree of toxicants
in the estuarine system are apparent
because of acule effects on living aquatic
organisms. An extremely imponant conse-
quence of toxic loadings on aquatic
organisms is bioaccumulation.
Bicaccumulation is a process by which
living organisms slowly ingest and store
small amounts of cerain synthetic chemi-
cals, which ultimately resuits in very high
concentraions over time. These toxic
chemcals become further concentrated in
organisms as they, in turn, consume other
contaminated organisms. The phenomenon
of increased toxic concentralions at each
level in the food chain is known as
biomagnification. At the highest jevels,
organisms may accumulate concentrations
of a toxic chemical high enough to cause
deformities or death or impair their ability
1o reproduce (EPA 1994). Of particular
concern in estuarine ecosystems is the
presence and bioaccumulation of mercury,
which is a proven fetal and neurological
roxicant in humans and animais. Severe or
prolonged exposures can affect the viahil-
ity of offspring and can affect neurological
function and behavior in adulis
{Cunningham 1592).

To identify the extent of toxic contami-
nation in fish, the North Carolina Division
of Environmental Management (now calied
the Division of Water Quality} conducted
fish tissue sampling at 41 locations in the
APES region in 1989. Seven hundred forty-
three samples were analyzed for metals,
and 98 samples were analyzed for synthetic
organic chemicals. Results showed that
only six of the 420 fish fillets analyzed for
mercury contained concentrations at or
ahove the FDA action level. However, four
of the six came from the Chowan River at
Riddicksville (DEM 1991). High percent-
ages of deiectable lead concentrations
were found at four sampling locations
primarily around the Pamlico River estuary
(DEM 1991). Researchers looked for the
presence of 13 pesticides; nine were
detected but none in concentrations at or
above the FDA action leveils. Resulis show
that the primary toxicants of concern
within the Albemarle-Pamlico Estuarine
system are mercury and dioxin
{(Cunningham 1992),

In North Carolina, if fish have toxicant
levels that are above approved FDA action
levels, consumption advisories are issued.

This is a common practice in other states
such as Florida and Michigan (Cunningham
1992). In addition to fish consumption
advisones, the state of North Carolina also
protects humans from consuming contami-
nated shellfish. Fecal coliform tests are
used as an indicator of the presence of
other bacteria and viruses in the water, and
shellfish harvesting is prohibited when
levels exceed the approved minimum
standard. Shellfish harvesting is also
prohibited within a prescribed distance
from marinas (Waite et al. 1994),

The North Carolina Division of Marine
Fisheries considers toxicant contamination
to be “the most complex and potentially
devastating threat to coastal waters” (ODMF
1991). NOAA's National Status and Trends
Program, however, indicated no “high”
concenirations of monitored metals and
toxics in tissues of bottom-feeding fish and
shellfish or in sediment samples at five
North Carolina Jocations (NOAA 1900).
Even though contamination of estuarine
sediment and water by loxicants is not yet
a widespread problem worthy of national
ranking. “hot spots” containing elevated
levels of metals have been identified in the
estuarine region of North Carolina through
research supported by the Albemarle-
Pamlico Estuarine Study (Cunningham
1992; Riggs 1989, 1990, 1992).

Currently, there is not enough informa-
tion available to adequately determine
DCCCSSATY management measures for
toxicants. Accordingly, this problem area
needs assessment. In panicular, biological
indicators should be used to determine
hazardous levels of toxins instead of just
considening concentrations in the sediment,
water column and fish tissue. Biological
indicators should inchude fish, zooplanikion
and species representing the entire food
web. Al the University of Maryland's Wye
Research and Education Center, scientists
observe what happens to selected species
when they are exposed tc samples of
water and sediment taken from specific
Wye River sites rather than merely testing
the water for the presence of chemicals.
Salinity, dissolved oxygen, pH and other
factors are also examined to determine if
they are affecting survival. Changes in
reproduction, growth and behavior and
other impacis are also monitored
(Blankenship 1994).

However, the coastal system is compli-
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cated. Many biological trends correlate to a
number of chemical contaminants and
physical conditions with no ene factor
clearly being the cause. In many of these
cases, measurements of a suite of potential
chemicals in the water column may he the
only reliable method to identify the
problems. Biological indicators such as fish
populations, fish diseases and the health
and presence of seagrass species ¢an be
good indicators for targeting areas of
concern (for pesticides, see Madhun and
Freed 1990). Further investigation can often
identify the scurce(s) of the problems.
However, these indicators often identify the
problem at a stage at which it's difficult or
impossible to biologically reverse the
problem.

Another approach is to monitor a few
selected chemicals. For example, the
presence of nitrate-nitrogen can often
signal potential prohlems in groundwater
systems {for example, see Fletcher 1991}, If
high concentrations are found, then further
investigation is done. The potential con-
taminants are identified based on land use,
and chemical analyses are done to measure
the presence of these contaminants. In
agriculure, many production systems can
be screened for potential environmental
effects by using computer stmulation
models (for example, see Geter et al,
1992).

Water Contamination

According to APES, in 1989-1990 in the
APES region under average flow condi-
tions, 12 dischargers were predicted to
have the potential to cause water quality
exceedances, with municipal faciliues
accounting for 79 percent of these dis-
chargers. In the system, 24 freshwater and
G estuarine stations had ambient pollutani
concentrations in the water column that
exceeded state and EPA standards. Indus-
trial wastes treated at municipal facilities
were the most likely sources of discharged
toxicants (Cunningham 1992).

Sediment Contamingtion

In 1989-1990, 51 sites within the APES
region had sediment contamination levels
above the median effects range (ER-M)
values derived by NOAA. ER-M values
represent the concentration above which
toxic effects are frequently or always
observed among most species. Sites where
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ER-M exceedances were detected represent
areas where sediment contanunation s
most likely 1o produce toxic effects in
aquatic organisms (Cunningham 1992).

Toxicity enrichment of sediment in the
Pamlico River Estuary tended 10 be site-
specific, with most sites having greater
metal concentrations in surface samples
than in deeper samples, indicating recent
anthropogenic contamination (Riggs 1989)
In the Neuse River estuary, all sites exceed-
ing the ER-M levels were associated with
known point source dischargers (Riggs
19903,

Of metals, chromium. zinc. copper and
tead generally account for the highes:
loading rates in the APES region. However,
fluoride is the largest single source of a
toxicant entering the system (Cunningham
1992},

There is concern about farther con-
tamination of North Carolina's coastal
waters by metals, pesticides and other toxic
substances, especially from peint sources
such as wastewater treatmment plants,
marinas, plating facilities and military
installations (Riggs 1989). Stormwater and
nonpoeint source runoff are also primary
vehicles for toxicant loadings into coastal
and estuarine waters.

Contributing Factors:
1. Point source discharges
a. industrial wastewater discharge
h. wastewater treatment plants
C. pulp mills
2. Nonpoint source/stormwater
discharges
a. residential development
b commercial development
c. indusinal sites
d. cropland
€. mining areas
[ forestry operations
g marnnas
h. golf courses
i. boats and harges
j. septic systems
k. constnuction
|. road-building
3. Atmospheric deposition
a. industnal air discharges
b. auiomaobiles
4. Dredging — dredge spoul depositions
toxicant recycling

C. Pathogens (bacteria, viruses and

fungi)

The presence of certain pathogens
{bacteria, viruses and fungi) can direcily



cause fish kills Other pathogens can
weaken fish, making them more vulnerable
1o infection by other opporiunistic bacteria,
viruses, diseases and other naturally
present mortality sources. The symbiotic
relationships hbetween bhacteria and other
pathogens is not clearly understood.
However, significant evidence shows that
eavircnmental factors most likely influence
the susceptibility of fish to pathogenic
infection, thereby playing an important role
in the development of fish diseases,
especizlly in the Albemarle-Pamlico
estsarne system. In facl, localized reduced
immunocompetence in fish is evidence of
an environmental effect, even when the
specific infecting agent can not be identi-
fied (Stewart 19871

Land-based pathogens or pathogens
associated with human activiues reach
coastal waters by both point and nonpint
sonurces, especially wastewater {reatment
plants, failing or faulty septic systems and
urban runoff (EPA 1991).

Toxic Dinoflagellate

A newly discovered toxic estuarine
dinoflagellate has been identified within
the Albemarle-Pamlico estuarine system
and has been linked to approximately half
of the major fish Kills in the Neuse and
Parmlico estuaries during 1991-1993.
Formerly known as Pfiesteria piscimorie, it
is now officially named Pfiesteria piscicida
(Steidinger et al. 1996). It is lethal to all 18
species of native and exotic finfish and
shellfish tesied, with more species appar-
ently succumbing in estuanne fish kills
(Burkholder et al. 1995).

Apparently stimulated by fresh fish
excreta and nutrients, Pfiesteria piscicida is
lethal across broad temperature, salinity
and light gradientis, with sublethal long-
term exposure causing damage 1o epider-
mal, neural, immune and reproductive
systems. At teast two-thirds of the reported
fish kills related to the toxic algae have
occurred in phosphate-enriched waters of
the Pamlice estuary {Burkholder e1 al.
1993).

Contributing Factors:

1. High nutrients {(especially phosphorus,
also direct stimulation by dissalved nitrogen
substances and by nitrate)

a. wastewater treatment plants
b. industrial wastewarer discharges

<. cropland

d animal faciliues

e industrial air discharges
t. residential development
g. commercial development
h. golf courses

i. forestry operations

}. Marinas

k. septic tanks

L. atmospheric deposition

Ulcerative Myrcosis

Ulcerative mycosis (UM} is caused by
two pathogenic fungi, Apbanemyces and
Saprolegnia. Evidence suggests that UM
development may be associated with
fluctuations in dissolved oxygen as well as
with lower pH. Also, a degradation in
water quality that causes fish stress makes
the fish mare susceptible to the pathogenic
fungi. The strongest environmenta! factor
correlated with UM is salinity, since UM
primarily affects voung fish in areas of low
salinity during the months of May and June
(Noga 1993).

Even without the manifestation of UM,
the pathogenic fungi responsible for the
disease are continuously present in the
estuarine system. Therefore, it is assumed
that some aspect of water quality or some
change in environmental conditions affects
the prevalence of UM and possibly all
infectious diseases affecting fishery popula-
tions {Noga 1993).

It &5 uncertain which factors contibuie
to the appearance of UM and whether
direct or indirect anthropogenic influences
have any effect (Noga 1993). In the case of
Atlantic menhaden, however, the two fungi
that cause ulcerative mycosis seem to be
able to penetrale the fish through the
lesions inflicted by the toxic dinoflagellate,
Pfiesteria piscicida (Burkholder et al. 1995).

Contributing Factors:
1. Toxic dinofiageliate
a. high phosphorus {(see contribut-
ing factors under Toxic Dinoflagellate)
2. Environmental conditions that reduce
the resistance of the host
a. temperature extremnes {(lower
temperntures are more conducive 10
UM)
i weather
ii. industrizl wastewater
discharges (coolant water)
b. low dissolved oxygen
i external organic carbon
loadings that consume oxygen. See
Cause A Oxygen Deticit. Contribut.
ing Facror 2 for sources of orgamic

A6




malerial

ii. internal decay of algae.
aquatic vegetation and other organic
malteriat that consumies oxygen

Often, a cycle of nutnient loading

results in algal biooms that consume

oxygen when they decay after

dying. See Problem Area 11

Nuisance Algal Blooms for

infnrnul[i(m HI‘I[)U[ 1he causes (}f and

contribunng factars o algae blonms
¢. rapid fluctuations in salinity

1. hydromadificanon

i weather

ii. increased impervious
surface from vrban development

d. low pH

i. acidic industrial wastewater
discharges
il industrial air discharges
iii. automobiles
iv. chemical weathering of
acidic sediments
4. Environmental conditions that are
favorable for the fung thal cause ulcerative
[RYCOSIS.

a. actual salinity of the water
(between 4-8 pans per thousand is
optimal for the growth of the fungi that
causes UM} (Noga et al. 1993)

b. low pH is favorable 10 the growth
of fungi causing UM {(Noga et al. 1993)

i acidic industrial wasewater
discharges

. seasonal climatic variations
affecting the incidence of UM {not sure
which specific factors, such as
temperature or precipitation, are most
directly related to UM). Occurrences of
UM are most prevalem in spring and
carly surnmer; they usually decrease at
the onset of winter.

PROBLEM AREA II: NUISANCE ALGAL
BLOOMS

Situation

Nuisance algae biooms can consist of
blue-green algae; dinoflageliates, including
the North Carolina endemic species,
Pftesteria piscicida, as well as species that
produce “red tide”; chrysophytes (e.g.
some flageilates and the colony-forming
organism Phaeocystis, an indicator of raw
sewage), and even normally benign
diatoms. All but the blue-greens are
primarily estsarine or manne. Most algae
are beneficial because they support the
food chains of aquatic ecosystems. How-
ever, when they are overstimulated by
nutrient enrichment, even the beneficial
algae can form bliooms that rob the water
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of oxygen during the night. Although
relatively few algal species are directly
toxic to fish and other aquatic life, these
"rogue” species have been documented 1o
cause fish kills in both freshwater (blue-
greens) and estuanine/marine habitat

( Pfiesteria). Other adverse effects associ-
ated with nuisance algal blooms are
surface scums with undesirable odors.
watter discoloration or taste problems, and
imbalances in the food chain. Food chain
imbalances occur when desirable species
of algae are overgrown by the bloom
formers, leading to reduction in growth of
desirable animals from zooplankton to fish
(Lembi and Waaland 1987).

Many bloom species release toxins that
have the potential o cause illness or death
if ingested by humans or animals, Dermal
exposure and inhalation of some toxins
can also cause sickness and disease. Some
toxins can cause fish and shellfish kills 1n
addition, consumption of fish or shellfish
that have accumulated lethal levels of
certain toxins can poison or kill humans
and wildlife (Faiconer 1993).

Nerth Carclina’s coast was declared a
national disaster area as a result of the
1987 red tide. Approximately 50 percent of
commercially harvested oyster areas and 95
to 598 percent of clam areas were closed,
resulting in an estimated loss of $26 million
(Burkholder 1993a). More frequent and
intense algal bloom activity, particularly
consisting of surface scurn-forming nw-
sance bijue-green algae, has occurred in
both the Chowan and Neuse rivers (Paer]
1990).

The primary source of algae blooms is
increased loadings of nutrients to coastal
waters. Many toxic algae species are
believed to have always been on our coast,
while others are suspected as new arrivals.
probably taxied in the baltast water of
oceangoing ships (Culotta 1992).

Causes of Nuisance Algal Blooms

The main causes of nuisance algal
blooms in North Carolina estuaries have
been identified as (A) increased nutnem
concentration, (B) nutnent recycling and
(C) food chain disrupuons. These three
causes and the natural and anthropogenic
factors that contribute to each are de-
scribed below.

A. Increased Nutrient Concentrations



Nutrients such as nitregen and phos-
phorus are essential to production in
estuarine waters and are an essential
compoenent for the base of the aquatic food
chain. Too many nutients, however, can
excessively increase productivity, some-
times resuliing in algal blooms. Nutrients
are discharged 10 coastal waters by point,
nonpoint and atmospheric discharges.
Certain activities and changes in landscape
can alse cause land-based nutrients to flush
nto coastal waters more rapidly. Dis-
charges or land disturbances that resultin
increased loadings of organics and trace
elements into estuaries can often increase
nutrient loadiags. Nitrogen and phosphorus
tend to hind to organics and other trace
elements; therefore, if organics and trace
¢lements are present, nitrogen and phos-
phorus will likely be present.

Contributing Factors:
1. Nonpoint source nuinient lcading
4. animal facilities
b, cropland
¢. residential development
d. commercial areas
e seplic tanks
f. marinas
& golf courses
h. forestry operations
i. construction
2. Point source nutrient loading
a. waslewater treatment plants
b. industrial wastewater discharges
3. Atmospheric deposition
a. industrial air discharges
b. automobiles
4. Increased freshwater inflow and
flushing rates
2. dredging
b. hydremaodification (ditching,
draming and channelizarion)
¢. urban development — resicential,
commercial and industrial sites
d. westher
€. seil conditions
5. Loading of organics and trace elemenis
a. wastewater treatment plants
b animal facilities

B. Nutrient Recyling

Years of anthropogenic nutrient
loading from point, nonpoint and atmo-
spheric sources have resulted in an accu-
mulation of nutrients in the sediments of
North Carelina’'s estuaries. Many nutrients
auach to soil particles that rinse into
estuaries and settle to the bottom. These
nutrients are often resuspended in the

water column when the bottom sediments
are disturbed by human actions and nawiral
forces. Once resuspended, they become
availabie for production and can result in
algal blooms Bottom sediments are ofien
disturbed more easily in areas without
aquatic vegetation. The vegetation serves
1o dissipate wave energy. Shoreline modifi-
vation such as bulkheading can increase
wave energy and thus contribute to
nutrient recycling.

Contributing Factors:
1. Mixing of the water column and
distusbance of bouom sediments
a. wealher
b. dredging
c fishing practices
d. boat and barge taaffic
2 Loss of stabilizing vegetation including
submerged agquatic vegetation (SAV) and
littoral wetlands. See Problem Area V. Nursery
Habitat Reduction for causes of loss of SAV.
a. wetland alteration
3. Shoreline modificauon

€. Food Chain Disruption

Grazing fish and fikering organisms
help keep algae and phytoplankion
populations in check. Disruptions to the
food chain that interfere with the balance
between production and grazing and
filtering organisms can result in excess
algal production. For example, excessive
removai of species at the top of the food
chain will disrupt predator-prey relation-
ships, often causing a decrease in species
at other levels in the food chain. This
“vrophic cascade” can result in 2 reduction
of grazing species, thus reducing the
removal of algae from the water column.
This excess algal production can some-
times resuit in a nuisance aigal bloom.

Contributing Factors:
1. Reduction in species at the top of the
food chain
a. {ishing practices
b. dredging {loss of benthos can
result in loss of fish that feed on them)

FROBLEM AREA III: SHELLFISH CON-
TAMINATION, DISEASE, KILLS AND
CLOSURE OF SHELLFISH BEDS

Sitnation

Disease-causing bactena and viruses
that contaminate waters are a2 major
concern in coastal North Carolina. Con-
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tamination of shelifish by harmful bacteria
and viruses is a concern because of its
effects on humans, who may consume the
shelifish. [t also has the potential o sicken
or kill shellfish. Bacteria and viruses of
concern include those that cause such
diseases as typhoid and hepatitis in hu-
mans, shell disease in blue crabs and
Derme and MSX in oysters. These bacteria
merit the scrutiny of resource managers
since they can significantly impact fisheries
productivity by reducing shellfish popula-
tions and excluding of many areas to
harvest. The primary causes of shellfish
contamination and disease are improperly
placed or malfunctioning septic tanks,
sewage treatment plants, discharges of
human waste from boats, and runoff from
animal feedlots and developed areas (Waite
et al. 1994). Currently, about 506,000 acres
of shellfish waters are permanently closed
to commercial harvesting, and the affected
area doubles with temporary closures after
maderate rainstorms (Coastal Futures
Commitice 1994).

Although bacterial contamination of
shellfish harvesting areas prevents human
harvest and consumption, the shellfish
remain in the water and continue to
function normally. Disease, on the other
hand, can actually kill the shellfish, thereby
significantly reducing the stock. Similar to
the fish kill and disease effects of patho-
gens, shellfish contamination and disease
often result in chronic rather than acute
responses, and these responses most likely
indicare stressed environmental conditions.
This stress could sublethally impact the
reproductive and growih stages of shellfish,
thereby reducing shelifish stocks and
production (DMF 1991).

1n North Carolina, shell discase result-
ing from environmental stress has recently
been recognized as a common problem in
crustaceans, particularly blue crahs, in
certain areas of the Albemarle-Pamiico
estuary. A lower immunocompetence o
disease combined with the presence of
opportunistic infectious agents seems to be
the most probable explanation for shell
disease in blue crabs (Naga 1990).

Since 1988, the parasitic diseases
Derma and M5X have been considered a
severe problem in estuarine waters of
North Carolina (DMF 1992). infestations of
Dermo have been more prevalent than
MSX and have affected mainly oysters in
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the southern portion of the state (DMF
1991). Contamination and disease that
result in the closure of shellfish beds,
however, lead to a reduction in shellfish
production and ultimately to economic
problems for coastal regions.

Causes of Shellfish Contamination,
Disease, Kills and Closure of Shellfish
Beds

The three main causes of shellfish
contamination, disease, Kills and closure of
shellfish beds in North Carolina estuaries
have been identified as {A) pathogens, (B)
oxygen deficit and (C) nuisance algal
blooms. These three causes and the natural
and anthropogenic factors that contribute
10 each cause are described below.

A. Pathogens (bacteria, viruses and

fungi)

Fecal coliform, a bacteriom thar is
found in the feces of humans and other
warm-blooded animals, can leach through
groundwater, travel via rivers, or be carried
by stormwater runoff to coastal waters.
Fecal coliform bacteria do not harm
shelifish or consumers of shellfish; how-
ever, they indicate that human feces may
be present. In addition to fecal coliform,
human feces may also carry harmful
pathogens that cause diseases such as
polio, typhoid or hepatitis. Measurement of
fecal coliform concentration is relied on as
a mechanism to protect humans {rom
eating contaminated shellfish. The tests that
measure fecal coliform concentration
cannot distinguish between human feces
and feces from other amimals. which do
aot present the same dangers. Therefore,
some shellfish beds that are not harmfully
contaminated may be closed to harvesting
as 2 result of this public health protection
mechanism.

Some fecal matenal is discharged
directly 1o the water because of insufficient
wastewater treatment processing or
discharges from boats and marinas, while
other fecal material can originate on land
and wash into the water after rain in
drainage from anima! facilities. Malfunc-
toning seplic systems may <lischarge fecal
contaminants to groundwater that flows
directly into adjacent coastal waters.

Fecal coliformn and harmful bactena do
not tive very long ocutside their natural
environment. Vegetation can slow down



the flow of surface runoff and filter i1, often

" removing bacteria or detaining it long

enough for the hacteria to die off. Asa
result, land clearing adjacent to coastal
waters may resull in contamination of
shelifish beds even if no direct sources of
fecal material are introduced. Forestry
operations, mining, road-building and
construction all enable coliform contamina-
tion.

Coliform bacteria, as well as many
viruses and pathogens, usually live longer
in fresh water than in salt water. Therefore,
increased freshwater flow to shellfish areas
that results from development and
hydromodifications may increase the
likelihood of shellfish contamination.

Some pathogens and viruses can harm
or kill oysters; examples include parasitic
infections such as MSX and Dermo.
Pathogens can harm or kill clams as well.
North Carolina’s coast was declared a
national disaster area as a result of the
1987 red tde. The red tide. which traveled
up the coast from Florida with the Gulf
Stream, was caused by Gymnodinium
breve, 2 pathogenic marine dinoflagellate.
Approximately 50 percent of commercially
harvested oyster areas and 95 to 98 percent
of clam areas were closed, resulting in an
estimated loss of $26 million (Burkholder
1993a). Disease is much less of a problem
for clams than it is for oysters. Ulcerative
mycosis causes sores in blue crabs, and the
1oxin released by the dinoflageflate
Pfiesteria piscicida is lethal to blue crabs
{see Sheilfish report in Appendix A).

Contributing Factors:

1. Nonpoint source discharges
4. animal facilities
b. residential development
c. commercial development
d. septic tanks
€. marinas
{. seafond processing
8 boats and barges
h. aquaculture

2. land-cleaning
a. forestry operations
by mining
<. road-building
d. cropland
€. construction

3. Point spurce discharges
4. wastewarer treaunent plants
b. seafood processing

4. Scil type {Sandy soils are less likely to

filter our bacteria and viruses.)

5. Sce Problem Area 1. Fish Kills and
iMsease, Cause C. Pathogens for additional
sources that coninbute 10 the presence of
pathogens.

B. Oxygen Deficit

Dissolved oxygen is needed by ali
aquatic organisms. Maintaining suitable
oxygen levels in shellfish areas is crucial,
since most species are immobile and
therefore unable to escape oxygen-starved
waters. Chronic low dissolved oxygen can
stress shellfish, thereby lowerning their
resistance 10 other environmental changes
and making them more susceptible to
disease.

Contributing Factors:
See Problem Area | Fish Kills and
Disease, Cause A. Oxygen Deficit

C. Nuisance Algae Blooms

Quality, quantity and type of food
supply are impeortant 10 oysters and clams.
The presence of too much food is a more
common problem than the presence of too
litle; oo much good food clogs the gills of
shellfish (see Shellfish report in Appendix
A). Some types of algae are inedible by
shellfish, and others ase toxic to them.
Nuisanice algae blooms, therefore, have the
potential o clog the gills of shellfish and
prevent them from obtaining proper
sustenance.

Contributing Factors:
See Problem Arez [I. Nuisance Algae
Blooms.

PROBLEM AREA IV: REDUCTIONS IN
FISH STOCKS

Situation

Fish stocks are determined through
statistical data collection and analysis of
information such as amount of harvest,
commercial and recreational fishing effort,
size and age composition of natural stocks
and harvests, fishing and monality rates,
migration patterns and rates, and reproduc-
tive parameters and success (DMF 1991).

To maintain adequate fish stocks, all
stages of species reproduction (spawning,
recruitrment and juvenile survival) must
successfully occur. Since fish reproduction
and stocks are dependent upon habitat
quality and quantity, environmental
condittons and human activity, interference
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in any reproductive stage could signifi-
cantly affect fish stocks (DMF 1991
Copeland and Steel 1991). For example,
physical barriers to anadromous fish
migrations in vwpstream rivers and tributar-
ies, as well as the loss of variety and extent
of seagrass beds, illustrate how human
activity can directly affect historical spawn-
ing and nursery areas and influence
reproductive cycles and fish stocks (Collier
1989).

Evidence also suggests that certain
environmental and water quality conditions
may influence recruitment and reproduc-
tion of fish. Water quality degradation and
human-induced fluctuations in natural
walter quality parameters can affect both
spawning and juvenile survival rates. In
North Carolina, studies have shown an
association between the abundance and
viability of striped bass eggs spawned in
the Roanoke River and the temperature
and flow of the river (Rulifson 1993). In
addition, overenrichment of upper estua-
nne regions by nutrients can increase algae
growth, decrease available dissolved
oxygen concentrations and available food
sources for larval fish, and severely impede
juvenile survival. A decrease in harvest of
anadromeous fish, including striped bass
and herring in the 1970s and 1980s,
indicates that some factor(s) is/are influ-
encing the reproductive processes of
anadromous fish (Rulifson 1991). Water
guality degradation from nutrient
overenrichment has been shown 1o stimu-
late the fish-killing toxic dinoflageitate,
Pfiesteria piscicida (Burkholder et al. 1995),

Shelifish reproduciion, including spat
recruitment and development, can be
affected by salinity and water temperarure
changes, increased turbidity, the condition
of antachment surfaces, disease, the pres-
ence of other sessile organisms, direct
physical disturbances and overharvesting.
Currently, there are no definitive causal
relationships between any water quality
parameters and reductions in shellfish
stocks. In North Caroling, however, the
parasitic disease Dermo has been identified
as a significant cause of mortality in
juvenile oysters (Onega et al. 1991).

In North Carolina, The Albemarle-
Pamlico Estuarine Study’s Status and
Trends Report has identified a number of
rends in commercial fisheries stocks
(Copeland and Steel 1991

A-n

1. Landings of major finfishes reached
histonic peaks in the late 1970s and carly
1980s and have since declined. with the
majority of our commercially imporant fish
stocks stressed or depleted.

2. Landings of anadromous fishes have
declined since the early 1970s or earlier.

3. Shrimp landings fluctuate widely
depending on environmental conditions.

4. Landings of blue crabs reached peak
levels in the early 1980s. declined. and
have increased again in spite of a dramanc
increase in fishing effort.

%. Hard clam fisheries are prohably
preducing near their maximum potential.

6. Oyster lundings have declined 10 the
towest levels on recond.

7. Certain water quality concerns —
including fish and crab diseases, loss of
shellfish habitat, reports of fish kills, algal
blooms and hypoxia — are becoming
more frequent.

8. Downward trends in total commer-
cial landings of edible finfisk may indicate
declining stocks.

9. Continuing stock declines attribut-
able to pollution, environmenial conditions
and natural variations in abundance wilt
likely be magnified by fish monality caused
by commercial and recreational fishermen.

Causes of Reductions in Fish Stocks

The five primary causes of reduced fish
stocks tn North Carolina have been identi-
fied as (A) the presence of toxicants in
water and sediment, {B} increased turbid-
ity, {C) oxygen deficit, (D) nursery habitat
reduction, and (E) hormones, These five
causes and the natural and anthropogenic

" factors that contribute 10 each cause are

described below.

A. Presence of Toxicants in the Water

and Sediosent

The effects of toxicants on the fish
community were identified by the Fisheries
Team {see Fish report in Appendix A):
There is concern about contamination of
fish by metals, pesticides and other toxic
substances. The presence of contamination
is important relative to fish montaliry as
well as human health hazards and food
chain implications. The only accurrences of
fish contamination in Nerth Carolina are in
the immediate area of sources such as a
wastewater reatment plant or industry.
Conmamination of fish by metals poses a



threat to human hezlth and possibly to
other links in the food chain, but it is not a
major threat to the fish themselves. Acute
direct effects of golf course chemicals on
fish in coastal waters have been witnessed,
Acconding 1o the U.S. Depantment of
Agriculwure, several fish kills in North
Carolina have been caused by golf course
runoff (Leavenworth 1992). However, there
is little information about the chronic
effects on fish that are exposed to a
maliitude of toxic substances. Nursery
areas at the ends of canals are very suscep-
tible to pulses of chemical runoff. Episodes
of exposure to organics in these nursery
arcas can last up 1o 24 hours (see Shellfish
report in Appendix A

Contributing Factors:

See Problem Ares ). Fish Kills and
Disease, Cause B. Presence of Toxicants in
the Water and Sediment.

B. Increased Turbidity

The effects of turbidity on fisheries
were identified by the Fisheries Team (sce
Fish report in Appendix A): Turhidity can
mcrease with siltation or sedimentation
from runoff and erosion. disturbance and
resuspension of bottom sediments, algal
production or waste discharges. The source
of turbidity determines the type and degree
of effect it will have on fisheries. Increased
turhidity can reduce light penetration and
affect oxygen and temperature. Reduced
light penetration can also isolate thermal
heating to the upper layers of the water
column, sometimes exacerbating stratifica-
tion and the associated depletion of
oxygen in bottom waters, directly harming
fish that live near the bottem. Beds of
submerged aquatic vegetation {(SAV) can be
diminished by the lack of light available for
photosynthesis. Since SAV is important as
habitat for fish, increased mrbidity indi-
rectly harms the fish community by reduc-
ing SAV habitat. Increased wrbidity can
directly interfere with the feeding of cenain
fish species by clogging the gills of filter
feeders and deposit feeders and inhibiting
feeding of species that depend on visual
cues to detect food. Sediment deposits can
bury fish eggs, making them nonviable and
having a direct impact on fish reproduc-
ton. Sediment can also disturb the benthic
community, thus affecting the forage hase.

Coniributing Factors:
1 Loss of submerged aquatic vegetation
a. high nutrient concemrations. (Sex
Problem Area [1. Nuisance Algal Blooms.
Cause A Increased Nutrient
Concentralions. }
2. Increased supply of sediment and
sotids from the watershed
1 constucton
b. cropland
<. animal facilities
d. residennal development
e commercial develo pment
{. industrial sites
£ minng areas
h. foresiry operations
i. road-building
3. Pamt source discharges of sediment
and selids
4. wastewater treatment plants
b industrial wastewater discharges
¢. seafood provessing
4. Increased disturbance of bottom
sediments
a bhuoat or barge traffic
h. dredging
¢. fishing practices
d. hydromadification
5. Winds/currents
6. Hydrologic situation
7. Changes in freshwater/saltwater
regime
8. Shoreline medification

C. Oxygen Deficit

The importance of oxygen to fisheries
was also identified by the Fisheries Team
(see Fish repon in Appendix A): Most
often, reduced oxygen levels stress fish
and/or eliminate suitable habitat areas for
cenain species. However, there are also
infrequent anaerobic events that cause fish
kills. Reductions in dissolved oxygen levels
can stress fish, causing them to be more
susceptible to predation, bacteria, viruses
and other monality sources that are
normally present in the environment. If
oxygen levels drop severely, coastal waters
become anoxic or hypoxic and fish kills
can occur. Low dissolved oxygen can also
kill inveniebrates, a food source for fish.
Energy tansfer is reduced as a result of
depleted oxygen, and growih and survival
of fish are also reduced both directly and
indirectly. Widespread areas of depleted
oxygen can reduce the availability of
habitat for some species. Estuarine systems
naturally have high oxygen demand,
however, anthropogenic loadings of
oxygen-demanding waste, such as waste-
water discharges and munoff from 2nimal
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facilities, can subhstantially increase this
demand. In addition, bottomn sediments of
estaries are usually anoxic; activities that
result in disturbance of these sediments
can increase the oxygen demand.

Contributing Factors:
See Problem Area [ Fish Kills and
Disease, Cause A Qxypen Deticit

D. Nursery Habitat Reduction

The importance of habitat to fsheries
was identified by the Fisheries Team {(see
Fish report in Appendix A): Habitat is
important to fish, especially for foed and
shelter. Habitat requirements are stage-
specific for many fish species. Estuarine
habitats are usually of greatest importance
to larval and juvenile fish, Habitas types are
diverse and are the basis for a diverse fish
community. Types of habitat include:
marsh, seagrass, marsh creeks, mudflats,
hardbotiom {(oyster reef), sandy bottom
and the water column. Conversion or
destruction of these habitats can affect the
structure of the fish community. Some
human activities can cause physical
destruction of habitat, and other activities
can change habitat charactenistics, thus
changing the type of fish community it can
supportt. All environmental quality param-
eters are components of habitat. For
example, increased nutnent loading,
physical energy or urbidity can deteriorate
seagrass beds, impairing theiz ability 1o
provide forage and refuge. Similar to food
availability, access is an importamt factor o
consider in evaluating habitat. Almost all
habitat areas are colonized by passive
transpon via currents and channels. An
area may polentially be 2 good habitat, but
without access it cannot be utilized by fish.
There are only a few small entry points to
the Pamlico Sound from the ocean. With-
out these access/migratory points, this area
would not suppon such large fish popula-
tions. Even small changes in currents or
hydrodynamics at these critical access
locations can have vast impacts on the fish
COMIMUrLY.

Contributing Factors:
See Problem Area V. Nursery Habiuat
Reduction.

E. Hormones
The effects of hormones on fish were
identified by the Fisheries Team {see Fish
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repoart in Appendix A Hommones and
other physiological factors affect growth,
survival and reproduction and may aftect
wild fish populations when released imo
the environment. Animal operations
{swine, poultry, cattle) discharge natura)
hormones in slaughterhouse waste prod-
ucts and are using increasingly more
hormones in their production strategy
Some natural hormones, such as chemicals
released from shellfish in aquaculture
facilities, may also threaten fish, The
potential for these hormones 1o be dis-
charged from such facilities to coastal
waters and to affect the growth, survival
and reproduction of wild fish has not been
addressed, but these substances could have
significant effects on coastal fisheries.

Contributing Factors:
1. Discharges of wastewater or runoff
that contain hormones.
a. animzl facilites (feedlots)
b. animal processing plants
¢. aquaculture facilities

PROBLEM AREA V: NURSERY HABITAT
REDUCTION

Situation

Almost every species of aquatic marine
organism relies on some aspect of North
Carolina’s estuarine region during its life
cycle (Street 1989). Aided by tidaf flow and
wind-driven currents, aquatic organisms
use every component of the estuarine
system durng reproduction: the offspring
of oceanic species of fish rely on the
estuarine area for development and
growth; anadromous species of fish
depend on the upper, less saline and
freshwater areas of the estuary for both
their spawning and juvenile development
oyster Spat recruitment occurs in the
deeper, more saline parts of the estuary;
and blue crabs use low-salinity marsh
creeks as well as seagrass meadows in
high-salinity w-aters near inlets (Onega et
al. 1991; Sureet 1989). An analysis of every
organism, although nearly impossible to
accomplish, would illustrate that each
species must spend some part of its life in
a predefined region of the estary in order
to survive. In the Albemarle-Pamlico
estuary alone, nearly every element of the
approximately 3 million acres of wetlands
and surface water 15 utilized as an integral
component in the spawning, growth and



development of 95 percent of North
Carolina’'s commercially harvested species
and 60 percent of the siate’s recreationally
harvested species (Noble and Monroe
19911

Even though the entire estuarine
system can be regarded as an impornam
natural aquatic habitat. the delineation and
designation of different categones of
nursery areas is inherently an anthropo-
morphic activity. In 1977, the North
Caruolina Division of Marine Fisheries
defined nursery areas to be habitats, “in
which for reasons such as food, cover,
bottom type. salinily, temperature and
ather factors, young finfish and crustaceans
spend the major portion of their initial
growing season” (Noble 1991). Today, the
DMF recognizes three types of nursery
areas: primary, secondary and special
secondary (Waite et al. 1994). Primary areas
arc those areas where postlarval and early
juvenile developmen? take place. Second-
ary areas, usually located adjacent 1o
primary areas, contain mixed populations
of juveniles and subadults {(Street 1989). In
the Albemarle-Pamlico estsarnine system,
primary nursery areas cover almost 25,000
acres, or 1.5 percent of the system’s 1otal
water area (Waite et al. 1994). Anadromous
spawning areas and shellfish beds are also
identified as extremely important to the
continued propagation of these types of
marine species even though they are not
officially designated as primary or second-
ary nursery areas by DMF (Ross et al.
1981)

The areas most critical 10 maintaining
healthy and sustainable aguatic popuia-
licns — marshes, seagrass beds, marsh
creeks, mudflats, hardbottoms (oyster
reefs), sandy bottom and the water column
— are susceptible to conversion or destruc-
tion as a result of human activity. The
resulting effects may have serious conse-
quences on the structure of the fish
community (see Fish report in Appendix
A). Some human activities can cause
physical destruction of habitat, and other
activities can change habitat characteristics,
thus changing the type of fish community it
can support (see Fish reporn in Appendix
A). For example, increased nutrient load-
ing, direct physical disturbance or in-
creased turbidity can deteriorate seagrass
beds, impairing their ability te provide
forage and refuge. In addition, since almost

all habitat areas are colonized by passive
transport via currents and channels, an area
that may be a potentially good habitat may
go unpopulated if access is biocked.
Finally, a physical reduction in the geo-
graphic extent and amount of nursery
habitat can result in increased competition
among species (Waite et al. 1094),

As a result of the Albemarle-Pamiico
Estuanne Study, studies have identified a
retationship between the presence and
extent of SAV, which is one of the most
important nursery habitats, and some water
quality parameters, most notably salinity
and clarity associated with freshwater
inflows and sedimentation. 1n the 10-year
period from 1975 to 1985, almost 99
percent of the SAV biomass in the Pamlico
River disappeared. Records also showed
that the extensive and diverse communitics
of SAV in Durham Creek observed in 1973
had nearly disappeared by 1989 (Davis
19903. A loss of SAV may indicate a degra-
dation in water quality that can directly
affect aquatic organisms through direct loss
of habitat or indirect chronic effects of
contamination and pollution. Therefore,
SAV may be an indicator of ecosysiem
stress as well as an indicator of fish nurser-
tes.

Causes of Nursery Habitat
Reduction

The five primary causes of nursery
habitat reduction have been identified as
{A) increased turbidity, {B) hydrologic
imbalance, (C) increased nutrient concen-
tration, (D) nutrient recvcling, and (E)
presence of toxicants in the water. These
five causes and the natural and anthropo-
genic factors that contribute 10 each cause
are described below.

A. Increased Turbidity (Phrysical and

Biological)

Increased turbidity reduces penetration
of light in coastal waters, thus reducing the
ability of SAV to photosynthesize and grow.
Sediment can also coat plant leaves,
hampering their exchange of nutrients and
minerals with the water.

Land-altering activives disrupt and
expose soif, making it more vulnerable 10
erosion. Sediment from agriculture, land-
clearing and development activities can
reduce light penetration to submerged
aquatic vegetaton beds, affecting growth
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and distribution and causing a loss of
nursery habitat area. Sediment deposited
on the botlom of the estuary can also
suffocate benthic organisms, which are
food sources for juvenile and developing
fish.

In addition to the direct effects of
sedimentation on nursery habitat, sediment
often contains aitached particles of nutri-
ents and toxic metals. These particles
become dislodged as a result of the natural
chemical reactions in the estuary. These
substances are then deposited on the
estuary floor or used by other erpanisms.
Nutrients, in particular, are taken up by
alpae and may result in a bloom. Blooms,
in turn, reduce oxygen concentrations,
suffocating juvenile fish that are unabie to
leave nursery areas.

Sediment deposition and siltation
caused by fishing activities such as clam
kicking, trawling and dredging can bury
shell material needed for larval senlement
and suffocate live oysters and clams.

Contributing Factors:
See Problem Area IV, Reduction in Fish
Stocks, Cause B Increased Turbidity.

B. Hydrologic Imbalances {changes in

the freshwater/saltwater regime)

Increased freshwater runoff due to
development and hydromodifications can
reduce the salinity of areas that suppont
growth of SAV, affect shellfish habitat and
cause changes in the plant community and
wetland structure.

From 1948 to 1981, salinity levels
showed a gradual long-term decline
throughout most of the Pamlico Sound
study area. The spatial variation in salinity
trends was found to have an areal associa-
tien with the level of anthropogenic
drainage impact. Additionally, the salinity
and drainage factors were related, tempo-
rally and spatially, 1o the spatial dispiace-
ment of oysters.

Qvyster displacement is an example of
the biotic responses that often accompany
salinity changes. A functionzl relationship
exists among estuarine salinity, land use in
adjacent areas and estuanne biota. For
example, oyster recruitment is generally
greater along eastern Pamlico Sound and
Core Sound in the high salinity sites
compared 1¢ the low salinity sites along the
western side of Pamlico Sound.
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Contributing Factors:
1. increase in freshwater inpuis due to
land-clearing and development
- commercial development
. residential develnpment
. industrial sues
. construchon
. road-building
cropland
2. Dedging of vanals for navagation.
flood controd, etc.
3. Whnds/currents
4. Hydromodification
5. Wetland alieration
6. Water withdrawal
7. Shoreline alteration

i B = T i

C. Increased Nutrient Concentrations

(Nitrogen and Phosphorus)

Seagrass meadows provide enormous
surface area for colonization by algae and
animals that are food for valuable finfish,
shellfish and waterfowl. Within the pas
few decades, thousands of hectares of
seagrass habitat have been lost worldwide.
Among the factors most frequently corre-
lated with the disappearance of seagrass
meadows are nitrate enrichment from
sewage and agricultural drainage and
shading caused by floating algae that are
stimulated by nutrient loading (Burkholder
1993h). Recent experiments by Burkholder
demonstrated that Zostera marina, the
dominant seagrass along the Nonh Caro-
lina coast and an endangered habitat, is
highly sensitive: 10 nitrate at concentraions
above minimal enrichment levets during
high-temperanire spring conditions
(Burkholder 1993b).

“Under low water exchange simulating
quiet embayments, eelgrass growth and
survival significantly decreased at all
enrichment levels, with most rapid decline
al the bighest nitrate loadings ... . the data
indicate that water-column nifrate entrich-
meni causes decline of eelgrass especially
under increasing/bigh temperatures, as a
direct physiological effect unrelated io alpal
light antenuation.” (Buskholder et al. 1992}

Historic losses of SAV in North Carolina
are repored in the following sources:

Davis, G. and M. Brinson. 1990. A
Survey of Submersed Aguatic
Vegetation of the Currituck Sound
and the Western Albemarie-
Pamilico Estuarine System. Report



No. 89-10. Raleigh, N.C.-
Albemarle-Pamlico Estuarine Study.

Ferguson, R., . Rivera and 1. Wood.
1989. Submerged Aquatic Vegeia-
rion in the Albemarle-Famlico
Estuarine System. Report No. 88-
10. Raleigh, N.C.: Albemarle-
Pamlico Estuarine Study.

Ferguson. R. and L. Wood. 1994,
Kooted Vascular Aquatic Beds in
the Albemarie-Pamlico Estuarine
System. Report No. 94-02. Raleigh,
N.C.. Albemarle-Pamiico Estuarine
Study.

Additions of nutnents, primarily
nitrogen and phosphorus, from both point
and nonpoint scurce pollution can cause
thick mats of algae that can shade impor-
ant seagrass species.

Contriboting Factors:

See Praoblem Area [1 Nuisance Algae
Blooms, Cause A [ncreased Nutrient
Concentrations.

D. Nutrient Recycling

Nutrients that are stored in the sedi-
ments — especially nitrogen and phospho-
rus — have potential to be resuspended
into the water column and become avait-
able for uptake by submerged aquatic
plants that provide important habitat.
Increased nitrate concentrations in the
water column can have devastating effects
on cenain species of seagrasses (see
previous section, Cause A. Increased
Nutrient Concentrations).

Contributing Factors:
See Problem Area [1. Nuisance Algae
Blooms, Cause B. Nutrient Recycling.

E. Presence of Toxicants in the Water

Excess use of land-based herbicides
that can wash into coastal waters, as well
as application of herbicides in the water,
can potenually kill important SAV species
utilized as nursery habitats. Recent spraying
of herbicides to reduce nuisance macroalga
near Atlantic Beach and Morehead City,
N.C., is suspected of causing a massive
seagrass bed die-off approximately two
weeks after the herbicide apptication
(Burkholder persenal comm. 1995}

Contributing Factors:

see Problem Area [ Fish Kills and
Disease. Cause B Presence of Toxicants in
the Water and Sediment,

PROBLEM AREA VI: HUMAN HEAITH
HAZARDS

The presence of any of the previous
five conditions (fish kills and disease;
reduced fish populations; shellfish contami-
nation, diseasc, kills and closure of shell-
fish heds; loss of nursery habitat; and
nuisance algal blooms) represents a
degradation in water quality. 1n addition to
impairng waler quality, any of these
conditions can have significant direct and
indirect deleterious effects on human
heatth (Copeland and Steel 1991).

Of these five water quality conditions,
the three that impact human health the
most ate:

— fish kills and disease

— shellfish contamination, disease,
kills and closure of shellfish beds

— nuisance algal blooms.

Since kills, disease, and contamination
are symplomatic of poor ecosystemn health,
the same environmental stress factors that
contribute to these problems can affect
human health. For example, impaired
water quality, toxic contamination, the
presence of enteric bacteria, and the
presence of certain pathogenic microorgan-
isms zll compromise human health. For
example, organisms that cause fish disease,
particularly bacterial organisms such as
Aaeromonas bydropbila, may also he
human patbogens. Such a determination is
extremely important to protecting the
heatth of coastal residents {Stewan 1987).

In addition, consumption of diseased
or contaminated aquatic organisms can also
cause illness and possible death in hu-
mans. Currently, about 56,000 acres of
shellfish waters are permanently closed to
comunercial harvesung, and the affected
area doubles when temporary closures are
ordered after moderate rainstorms (Coastal
Furures Committes 1994).

Caunses of Human Healthh Hazards
The three man causes of human
health hazards in Nonh Carolina's coastal

waters have heen identified as (A) pres-
ence of toxicants, (B) pathogens, and (C)
nuisance algal blooms. These three causes
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and the natural and anthrepogenic factors
that contribute to cach cause are described
below,

A. Presence of Toxicants in the Water

Certain metals, pesticides and other
toxicants in the water can accumulate in
the farty nssue of fish and in the tissue of
filtering organisms. In a study © determine
the extent of fish contamination within the
APES region, the N.C. Division of Environ-
mental Management found only six of 420
fish fillets to contain mercury at concentra-
tions at or above the FDA aclion level.
However, four of the six came from the
Chowan River at Riddicksville (DEM 1991).
High percentages of detectable lead
concentralions were found at four locations
primarily around the Pamlico River eswary
{DEM 1991). Researchers looked for the
presence of 13 pestcides; nine were
detected but none in concentrations at of
ahove the FDA action levels. Results show
that the primary toxicants of concern
within the Albemarte-Pamlico esarnine
systemn are mercury and dioxin
(Cunningham 1992}

In North Carolina, consumption
advisories are issued when fish are con-
taminated with elevated toxicant levels
above approved FDA action levels. Adviso-
ries 4re a common praclice in other states
such as Florida and Michigan (Cunningham
1992). Warnings or limitations on fish
consumption due to mercury and dioxin
contamination occur in isclated areas of
North Caralina. Contamination usualiy
occurs near cenain industrial activities,
with the exception of the Lumber River
Basin. The scurce of mercury contamina-
tion in the Lumber River Basin is currently
unknown (Dell persenal comm. 1995). The
Environmental Epidemiology Section of the
N.C. Department of Environment, Health
and Naturai Resources maintains the
advisory list. As of May 9, 1995, waters in
the coastal drainage area with advisonies
due to mercury contaminatton inciuded the
eqatire Lumber River Basin, the Waccamaw
River in Columbus and Brunswick coun-
ties, and Black Lake in Bladen County.
Advisories for elevated dioxin leveis are
listed for portions of the Albemarle Sound,
Roanoke River, Chowan River and Neuse
River, and the sections of Welch Creek that
are in Beaufort, Marin and Washingtan
counties.
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Contributing Factors:

See Problem Area 1. Fish kulls and
Disesse, Cause B. Fresence of Toxicams in
the Water 3nd Sediment.

B. Pathogens (bacteria, viruses and

fungi)

Consumption of shelltish contamunated
by harmful bacteria or viruses may cause
serious illness and even death. However,
no repored illnesses from eating contami-
nated shellfish have ever heen linked 10
waters approved for harvest by the Shell-
fish Sanitation Branch of the N.C. Division
of Environmental Health. Occurrences of
illness have primarily been linked o illegal
harvesting from waters closed to
shellfishing and shellfish imported from
outside the siate (Robent Benton personal
comm. 1993}, With 56.000 acres of shellfish
waters closed to harvesting and many more
temporarily closed after rainfall, the
potential for illness and death from con-
taminated shellfish consumption in North
Carolina is significant. However, the state's
current protection mechanism appears
effective. :

Recently, fishermen have reponted
having temporary foggy memory, chronic
sickness with flulike symptoms and
persistent apen hleeding sores afier wading
in water or having substantial contact with
water through handling fish and/or fishing
gear. The areas where they have reponed
these expericnces comrespond o the
iocations of known toxic cutbreaks of the
recently discovered dinoflagellate,
Pfiesteria piscicida. In addition, the symp-
toms that fisherman have reported maich
those experienced by JoAnn Burkholder
and laboratory personnel at N.C. State
University that were exposed to the
dinoflagellate before the full extent of its
toxic porential was known and adequate
precautions were taken (Burkholder
personal comm. 1995).

Contributing Factors:

See Problem Area 1. Fish Kills and
Diisease. Cause C. Pathogens for additional
sources that contribule 1o the presence of
pathogens.

C. Nulsance Algae Blooms

Of 144 species of blue-green algae
found, 114 have produced asthrnatic
responses in humans during tests, with
approximately 40 species causing acute



asthmatic effects. Ingestion of and direct
contact with blue-green algae blooms have
been shown Lo cause gastroenteritis and a
variety of other irritations (i.e. ear, nose
and throat). Dinoflagellates are known for
causing red tides, massive fish kills and
shellfish poisonings that are toxic to
humans. Paralytic shellfish poisoning can
be fatal to humans in extremely small
doses. Approximately 2,000 cases of
human poisoning through fish and shellfish
consumption are reported throughout the
world annually. Gymnodiniun breve, a
pathogenic marine dincflagellate, can
cause respiratory irritation in humans that
ranges from sneezing and coughing e
bronchial constriction when cell fragments
become airborne in sea spray. The 1987
red tide that traveled up the coast from
Florida with the Gulf Stream didn't cause
any human deaths in North Carolina
because state agencies monitored and
quickly closed shellfish beds. Serious
iliness and death can also result from
consumption of shelifish that have accumu-
lated domoic acid poison from toxic
diatoms (Burkholder 1993a).

Contributing Factors:
See Protdem Area il Nuisance Algal
Blooms.
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SHELILF¥ISH TEAM

Q Dr. Terry West, Associate
Professor, Depantment of Biology,
East Carolina University

0O Dr. Martin Posey, Associate
Professor, Depantment of Biological
Sciences, UNC at Wilmington

Q Dr. Sam Mozley, Associale
Professor, Zoology Deparntment,
N.C. State University

Shellfish

As a first step in identifying the protec-
tion needs of shellfish, the shellfish team
divided the estuary into habitat zones and
identified the species associated with each
zone. The team characterized shelifish by
their multiple values as coastal resources
and determined the criteria for maintaining
their proper functioning. The team listed
North Carolina's major coastzl shellfish
groups and the target species within cach
group. The groups include oysters, clams,
blue crabs and shrimp. Many of these
shellfish groups serve as indicators of
Zzonation within the estuarine system, while
others, such as the blue crab, utilize nearly
the entire system.

In this section, each shellfish group is
first examined individually to determine
what thresholds are critical to maintain the
survival and proper functioning of the
target species within the group. Next, the
overall function of the benthic community
is examined to ensure that the parameters
derived {rom the target species approach
are adequate for maintaining the function
of the entire community, including the vital
interactions of its various components.

Included in this section is a list of the
warget species in each shellfish group, the
function of each group as a coastal re-
source, the zones of the estuarine system
that the target species occupy and what
factors affect their Function. Factors that
affect their function are divided into biotic
and abiotic, and the relative impornance of
each factor is ranked either HIGH, ME-
DIUM or LOW. Finally, the overall function
of the benthic community, which includes

AN

shellfish, relative to the estuarine sysien s
discussed. Four comprehensive habitat
types are identified as necessary to main-
taining North Carolina’s shellfish. Recom-
mendations for protecting shellfish and
their habitats are included.

Oysters

Opysters are important commercially as
food for humans. Bui less obvious is the
imporance of oyster reefs as habitat for
shrimp, blue crabs and other shellfish,
Reefs are vital components of estuarine
habitats that suppont a wide variety of
species, both commercial and noncommer-
cial. Oyster reefs shelter animals, provide
food for finfish and shellfish. and produce
commercially valuable oysters. Oyster
shells have commercial imponance as a
source of calcium in chicken feed and as a
buffer 1o prevent acidic conditions in
aquaculure facilities. Oysters enhance
water quality by filtering our particulates
and stabilizing and reducing suspension of
sediment. They have also been used as
water quality indicators for fecal coliform,
metals and suspended particulates, and
changes in abundance of oysters can
indicate reductions in dissolved oxygen
and changes 1n salinity.

Zone

In northeastern North Carolina,
aysters colonize both the subtidal and
intertidal zones: along the southeastern
coast, they primarily occupy the
intertidal zone. Spatially, estuarine
waters with salinities of 5 1o 10 pans
per thousand 1o full-strength seawater
(37 pans per thousand) are suitable for
their survival

Prohlem

The perceived problems with
oysters include reductions in the 1otal
number of oyster beds in the estuary,
increased areas with harvesting
restrictions due to coliform contamina-
tion, and more frequent occurrences of
oyster disease. Directly related 10 these
concerns are increased wrbidity,
nonpoint scurce pollution (marinas.
stormwater funoff), changes in salinity
and trawling over oyster beds. which
destroys the beds by fragmentation.



Abiotic Factors Affecting Oysters:

Water Qualiry
Temperature, Oxygen and Salinity

— HIGH. These parameters have been
evaluated by many other researchers
and agencies. A literature search of
current recommendations is necessary
tr determine the suitable ranges of
these parameters.

Metals — MEDIUM. Concentration
of metals in oyster tissue may not
affect oysters themselves or functions
of the oyster reef such ds habitat for
other species and water quality im-
provement. However, these contami-
nants can make oyslers unsvitable for
hurman consumption.

Toxicants — MEDIUM. Similar 1o
metals. The concentration of some
toxicants in oysier tissues can make
them unsuitable for human consump-
tion. However, other toxicants may Kill
oysters, resulting in {oss of all their
functions. Different toxicanis such as
hydrocarbons, pesticides and fungi-
cides will affect varous oyster func-
tions.

Turbidity — MEDIUM. Increased
turbidity, siltation or resuspension of
particulates can indirectly affect oysters
by changing the food supply. And
oysters can be affected directly by
‘increased suspended sediments that
inhibit their feeding and bury their
colonies, sometimes smothering them.

‘Flow (Hydrodynamics) — HIGH.

Changes in flow dynamics can indi-
rectly affect oysters by changing the
food supply. Too much optimal food
can clog gills, and not alt algae are
edible. Flow modifications can also
change oxygen availability, salinity or
temperature, thus threatening the
area’s suitability as oyster habitat.

Biotic Factors Affecting Qysters:

Habitat — HIGH. Ovysters need a stable
substrate upon which the larvae can
settle, such as rock, pilings, shell
debris or an existing oyster reef.
Therefore, an oyster reef or a seed bed
must already be present. The presence
of pre-existing populations is also

highly impartant for recruitment.

Recruitment — MEDIUM. Proximity
and size of brood stock affects recruit-
ment success. Recruitment success is
also dependent on hydrodynamics and
local water-flow conditions, particularly
in marsh systems.

Food Supply — MEDIUM. Quality,
quantity and type of food supply are
important. The presence of too much
food is 2 more common problem than
the presence of too litte; 100 much
good food clogs their gills.

Predators — MEDIUM. Oy sters acte an
important food resource for blue crabs
and rock crabs. The oyster drill,
Urosalpivex cinerea, can also be an
important predator.

Biotoxins, Pathogens and Discase —
HIGH. Coliform accumulation in oyster
ussue warns of the presence of danger-
ous viruses and pathogens, thus
making them unsuiable for human
consumption. Some pathogens and
viruses that are innocuous to humans
can harm or kill oysters by causing
diseases such as MSX and Dermo.

Clams

Target species of clams include:
estuarine mud clams (Rangia), scaliops
(Argopecten irvadians), hard clams
(Mercenana), soft shell clams (Mya
arenaria), disk clams ( Dosinig), Carolina
marsh clam (Polymesoda), several potential
aquaculture clam species, and key tophic
species such as the “Baltic macoma”
(Macoma balthica), ribbed mussei
(Geukensia) and river mussels
(Umionacea) Clams are similar to oysters
in that they are important commercially as
food for humans, help improve water
clarity through their filtering mechanism,
serve as water quality indicators for many
pollutants and are an imponant food
source for birds, blue crabs, fish, shrimp
and other crustacean shellfish. However,
they are not as important as habitat for
other species, and they are not as effective
at sediment stabilization as oysters,




Zone

These target clams species live in
more varied zones than the oyster,
including all zones of the estuarine
system. Polymesoda, Geukensia,
Macoma, Mya, Dosinia and
Mercenaria colonize the intertidal zone
of the estuary. Macoma, Mya,
Donsinia and Mercenaria also do well
in the subtidal areas of the estuary
along with Rangia. Unionacea, river
mussels, are located much farther
upsiream cutside the tidal zones. The
table below shows their locations
relative to the three salinity zones:
oligohaline (0-8 pans per thousand},
meschaling (8-15 pants per thousand)
and polyhaline (15-37 parts per
thousand). The bay scallop is restricted
to the subtidal regions of the sounds
where the salinity is high (30 parts per
thousand or greater).

Problem

The biggest problem with clams is
the slow decline of their populations.
Habitat loss and alteration are of major
concern in relation 1o population
reductions.

Abiotic Factors Affecting Clams:

Water Quality

Temperature, Oxygen and Salinity
— HIGH. Clams spread across a much
wider salinity gradient than oysters.
Again these parameters have been
evaluated by many other researchers

determine the suitable ranges of these
parameters for clams as well as for
Oysters.

Metals — LOW. As with oysiers,
concentration of metals in the tssues
of ¢lams may not affect cenain func-
tions such as water quality improve-
ment; however, it cant make them
unsuttable for buman consumption.

Toxicants — LOW, Similar to
metals. The concentration of some
toxicanis in the tissue of clams can
make them unsuitable for human
consurnption, while other toxicans
may kill clams, resulting in the Ioss of
all their functions. Different toxicants
will affect various functions.

Turbidity — HIGH. Increased
turbidity, siltation or resuspension of
particulates can indirectly affect clams
by changing the food supply. Sediment
quality is imponant because of food
supply and because of habitar.
Whether or not an area is suitable for
suspension-feeding or bottom-feeding
depends on flow, sediment guality,
phvtopiankton production and the
species of clam. [ncreased levels of
suspended sediments may inhibit
feeding. However, they are more
resistant to burial than oysters due 10
their natural burrowing lifestyle (clams)
or their ability to move short distances
(scallops). Overall, turbidity is of high
importance to clams.

Flow — HEGH. Flow and hydrodynam-
ics are important to clams. Generaily,

they need a minimum level of flow to
facilitate feeding and removal of waste

and agengcies. A literature search of products.
current recommendations is needed to
OLIGOHALINE MESOHALINE POLYHALINE
Oppt-----~---=----- B 15---- - 36
----- Rangia - -------
----- Polymesoda - - - -
----- Unionacea - - - - -
------------------ Mya ----------------«.---=.
---------------- Macoma - - - -~ - - - - - - - oo
———————————————— Geukensia - - - - -- - -- - - ...
. t ————————— Dosinia - - - - - - - - -
———————— Mercenaria - - - - - - -
Not to scale } - - Argopectan - - 1
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Biotic Factors Affecting Clams:

Habitat — MEDIUM. Clams, unlike
oyslers, do not need a seed bed for
habitat and recruitment purposes.
However, other organisms such as
oysters and fish and vegetation are
important components of their habitat.
Qvysters and vegetation provide refuge,
and fish help disperse some clams
such as {/nionacea The presence of
pre-cxisting populations is important
for habitat and recruitment, however,
existing populations are comparatively
more important for oysters than for
clams because the oyster lasvae require
adult shell for attachment and meta-
morphosis 1nto juveniles.

Recruitment — MEDIUM. Proximity
and size of brood stock may affect
recruitment success. Recruitment is of
variable importance according to the
local populations. The importance of
annual recruitment success in maintain-
ing the population is less important in
long-lived species (Mercenaria) than in
short-lived species {Argopecten).

Food Supply — LOW. Quality, quantity
and nature of the food supply are
important. However, it is uniikely that
local species of clams and scallops are
food-limited, therefore, food supply is
of low imporance at this time.

Predators — HIGH. Predation issues
are differem for clams than oysters.
Many clams can escape predation by
burrowing. However, Macoma and
Mya get nipped because their siphons
protrude above the sediment. During
juvenile stages, numbers can be
reduced severely because they are
unable t¢ burrow deep like larger
clams.

Specics Interaction — MEDIUM.
Interaction with other benthos is
refevant, including bioturbation caused
by worms that resuspend the bottom,
making the habitat unsuitable for
clams.

Biotoxins, Pathogens and Discase —
LOW 10 MEDIUM. The problem with
bacterial contamination in clams such

as Mercenaria and Mya is the same as
it is for oysters. Some pathogens and
viruses can harm or kill clams. Bay
scallops suffered a large population
drop due to the 1987 ioxin-producing
red tide hloom (Summerson 1990},
Disease, however, is not nearly as
much of a problem for clams as it is
for oysters and is of low 10 medium
imporance. For scallops, it is of
medium imponance.

Clam species with unusical func-
tions, needs or parameters that
affect them:

Bay Scallops

Bay scallops are imporiant com-
mercially as food for humans, and their
shells are sold for decoration. They
play only a minor role in sediment
stabilization. They are a very important
food resource for the blue crah. Their
habitat requirements distinguish them
from other clam species. Bay scallops
are epifiaunal, meaning they live on the
sediment surface by attaching to
seaprass stems after metamorphosing
on the bottom. They need three-
dimensional structures on which to
settle, such as oysters, macroalgae and
debris. Flow is also very important to
scallops because of transpon of food
and larvae. Scallops are more vulner-
able to unsuitable water quality
conditions than clams because of the
timited ability of their shells to remain
closed. Clams can stay closed for five
to six days, whereas scallops can
remain closed for only about a half
hour. During a freshwater intrusion
caused by a hurricane, for example, a
clam will close and open later when
salinity has risen. Scallops can’t stay
closed and are confined to low salinity
water, where they are unable to
osmoregulate.

Blue Crabs

Biue crabs are important commerciaily
as food for humans. They are among the
most important predators in the estuary,
eating numerous other species of shellfish,
Blue crabs resuspend sedimemt and other
botiom particulates as they feed and
burrow. This bioturbation function is




timportant for sediment and nutrient cycling
iy the estuary because it exposes anoxic
bottom sediments. Blue crabs create
hioturbation pits that are important feeding
areas for many fish. Blue crabs may also be
indicators of “swressful” environments. For
example, crabs collected from compro-
mised environments show abnomally low
levels of hemocyanin, an oxygen-binding
blood protein. Suspected sources of stress
are low dissolved oxygen, the presence of
pollutants or disease. Another symptom of
environmental stress is a high incidence of
“shell disease,” i.e. the formation of pits by
localized bacterial degradation of the
exoskeleton. Elevated frequencies of shell
disease have been found in blue crabs and
other crustaceans occupying benthic
habitats that contain high levels of heavy
metals.

Zone

Blue crabs occupy zones of the
estuary that range from fresh water to
marine and subtidal to intertidal,
covering most areas of the system. The
oligohaline, mesohaline and polyhaline
areas are all impornant to the survival
of blue crabs. Females and juveniles
are less euryhaline (able to tolerate a
wide range of salinities) than the
males. Females stay in the more saline
areas because that is where they have
to reproduce. Their larvae cannot
tolerate salinities of less than 20 parts
per thousand. In contrast, the males
trave! far into the freshwater estuarine
fringes in search of food. The juvenile
stage is the most critical stage of the
blee crab. During this stage seagrass
beds and oyster reef are extremely
imporant for habirat.

Problem

The problem with blue crabs and
shrimp is the fear of crustacean
fisheries failing without apparent
warning, as has happened on the West
Coast. There is currently notl encugh
information available on blue crabs to
qualify this concern. If a critical life
stage of the blue crab is heavily
dependent on 2 particular habitat or
some other environmental criteria. then
a population crash could be possible
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as a result of the habitat or environ-
mental criteria being eliminated. More
research needs (o be done 1o evaluate
the life stages of the blue crah and the
criteria necessary o support each
stage. Fishing pressure on blue crahs
has not been quantified for North
Carolina estuaries.

Abiotic Factors Affecting Blue Crabs:

water Quality — Water quaiity is of
lesser importance to blue crabs in
companson o oysters and clams. with
the exception of salinity and dissolved
oxygen. Water quality affects crabs
moere indirectly as it applies to seagrass
beds and oysters, which are impornant
to hlue crabs for habitat and refuge.
Some water quality changes that are
generally considered negative may be
beneficial to crabs. For example.
increased turbidity directly improves
the survival of juventles by providing
them with refuge to escape predation
by other crahs. However. crabs are
indirectly harmed by the negative
impacts of increased turbidity on grass
beds and oysiers.

Temperature, Oxygen and Salmin
— HIGH. Salinity is very imponant (o
the larval stage of crabs hecause they
cannot tolerate low salinities. Various
stages of the blue crab's life cycle are
carried out in all three salinity zones of
the estuary, including the oligohaline,
mesohaline and polyhaline. Larvae
emerge in the polvhaline, and as
juveniles they move through the
mesohaline. Female crabs stay in these
two salinity regions because of repro-
ductive needs. On the other hand,
males migrate through all three zones
in search of food. Therefore, it is
necessary 1o maintain the salinity
regimes of these areas. Crabs are less
affected by low dissolved oxvgen
(DO}, mainly because they are mchile
and can move out of an area with low
DO. However, aoxygen depletion can
eliminate important habitat areas. And
if shallow water areas are aliered or
eliminated, then blue crabs ate trapped
in deeper waters with low DO.

Metals — LOW. Metals are of low
imporance to blue crabs because there
are cnly localized areas where metais



are present o levels high enough to
harm them. However, elevated fre-
quencies of shell disease have been
found in blue crabs and other crusta-
ceans occupying benthic habitats
containing high levels of heavy metals.

Toxicants — LOW. Effects of
toxicants on crabs are variable and to a
large extent, unknown. Exposure (o
some toxicants may stress crabs,
making them develop sores, while
other toxicants may kill them. There is
not ¢nough information avaitable to
adequately address this factor. How-
ever, it is of low importance in North
Careclina’s estuaries.

Turbidiry — MEDIUM. Increased
turbidity improves the survival of
pveniles by providing them with
refuge from predation by other crabs.
On the other hand, turbidity can kill
seagrass and indirectly affect oyster
reef, both of which are important
habitat for blue crabs. Therefore,
turbidity is of medium imporance to
blue crabs.

Biotic Factors Affecting Blue Crabs:

Habitat — HIGH. Oysier reef, seagrass
and shallow sand are extremely
important to hlue crabs for refuge.
Seagrass beds and oyster reefs are
imponant as structures for new blue
crab recruits. The oligohaline,
mesohaline and polyhaline areas of the
estuary are all important components
of their life cycle. Expansive shallow
water is impostant for habiat, espe-
cialty in the absence of seagrass beds.
And they prefer areas with fine sand
over silt. Simularly, salt marsh is
imponant to blue crabs in the absence
of seagrass.

Predation -—— MEDIUM. Other crabs
may be the only predator of blue
crabs. The importance of cannibalism
relative to the blue crab population is
uncertain.

Food Supply — LOW. Prey sources are
very important. Blue crabs are scaven-
gers, but shellfish are an especially
important portion of their diet. Reduc-
tons mn clams may affect crab popula-
tons.

Biotoxins, Pathogens and Discase —
LOW. There are pathogens that harm
or kill crabs. For example, the recently
discovered toxic dinoflagellate that is
beleved 1o be responsible for a large
portion of fish kills in the Pamiico
Sound has also been found to affect
crabs. These dinoflagellates release a
toxin that is lethal te blue crabs.
Ulcerative mycosis has affected blue
crabs, especially in the upper reaches
of the Pamlico Sound. In North Caro-
lina, shelt disease has recently been
recognized as a problem in crusta-
ceans, particularly blue crabs, in
cerain areas of the Albemarie-Pamlico
estuary. A lower immunocompetence
among diseased crabs combined with
the presence of oppermnistic infec-
tious agents seems 1o he the most
probable explanation for shell disease
in blue crabs (Noga 19903, Other
diseases specific 1o blue crabs include
gray crab disease, hymatadenium shell
disease and others.

Incidental Harvest — MEDIUM.
Harvest of blue crabs as bycaich by
traps, baiting and netting for the soft-
shell market or other fisheries has a
small effect on crab populations.

Direct Fishing — MEDIUM. There is
no strong evidence that commerciat
fishing has a significant (negative)
effect on blue crab population size.
Nevertheless, there remains a concern
for the potential negative effect of
overfishing because there must be a
minimum number of adults needed to
sustain the population. Current restric-
tions include a minimum size {5 inches
from tip to tip of the two major lateral
spines of the carapace} and a morato-
rium on egg-bearing females collected
March through August in Hatteras,
Ocracoke, Oregon, Drum and Bardeu
inlets.

Shrimp

Target species of shrimp in coastal
North Carolina include, white, brown and
pink. Shrimp are important commercially
as food for humans. In fact, these three
species of shrimp are the state’s most
valuable fishery resource (Pendleton 1976)
They are a strong link in the food chain
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and subseguently an imporant link in the
flow of energy through the ¢stuarine
system. They eat detritus, and fish then eat
them. By eating small invertebrates, they
are also potentially important predators in
the estuary.

Zonc

Shrimp primarily utilize the
polvhaline areas of the estuary,
although white shrimp are more
tolerant of fresh water and will venture
into the mesohaline areas. In North
Carolina, all three species, brown,
white and pink, are found from
Pamlico Sound south. They are prima-
rily found in shallow subtidal zones.
Adults reproduce offshore, and the
postlarvae migrate inlo the estuary in
search of food, favorable growing
conditions and protection {refuge)
(Pendleton 1974). The three target
species, however, move into the
estuary at different times. Once in the
estuary, they migrate to the shallow
estuarine nursery areas for food such
as mollusks and crustaceans, which
live in the bottom sediment, and
detritus from submersed vegetation
and marsh plants. After several weeks
of feeding and growing in the estuary,
they begin to move back to the inlets
and river mouths. Pick shrimp will
sometimes overwinter in Pamlico
Sound by burrowing into the sediment;
later they move toward the ocean.
Those that reach the ocean begin
moving seuth and to deeper waters,
where they are soon caught by shamp-
ers (Pendleton 1976).

Problem

As with the blue crab, there is the
concern for crustacean fisheries failing
without apparent warning, as has
happened on the West Coast. Also,
there is not enough information
available on the brown, pink and
white shrimp to qualify this concern. A
habitat or other criterion may exist that
supports a critical life stage of these
shrimp species and that may caust a
crash if remaved. More research needs
to be done to evaluate the life stages
of shrimp and the criteria necessary to
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suppon each stage. Fishing pressure
on shrimp has also not been guantified
for North Carolina estuaries. In the
past, it has appeared thar no matter
how many shrimp were taken from the
estuary, they always rebound This
cauld be because of their very short
life cycle. This short life cycle could
eliminate the possibility of fishing
pressuses ever causing a crash in North
Carclina’s shrimp populations.

Abiotic Factors Affecting Shrimp:

Water Quality — Water quality has an
indirect effect on shrimp through
alterations in habitat and food avail-
ability.

Temperature, Oxypen and Salinity
— HIGH. Salinity is important to the
overall distribution of shrimp. Suitable
salinity zones for the varnious stages of
their life cycle must be mainuined.
especially feeding areas such as
seagrass beds. Shrimp utilize primarity
the polyhaline and the mesohaline
zones. Therefore, it is necessary to
maintain the salinity regimes of these
areas. Dissolved oxygen can be
extremely important to shrimp in
deeper systems, where low bottom DO
can exclude shrimp. Since behavior,
movement patterns and migration are
affected by temperature, it can have a
generalized influence on distributions
of at least juvenile shrimp.

Metais and Toxicants — LOW.
There is little information available to
make conclusions about the influence
of metals and toxicams on shrimp at
the Jevels normally encountered in
North Carolina’s estuaries.

Turbidity — MEDIUM. Increased
turbidity improves the survival of
shrimp by providing them with refuge
from predation by other organisms
(Minello 1987).

Biotic Factors Affecting Shrimp:

Habltat — HIGH. Expansive shallow
waler areas are important to shrimp, as
they are to crabs. The nature of the
substratum is also imponant. Brown
and pink shrimp prefer loose peat
sediment and muddy-sand sediment;
white shrimp prefer muddy sediments.



Ovster reefs, seagrass beds and salt
marshes are also important, but not as
important as they are 10 crabs.

Predators — MEDIUM. They are a
food source for flounder, croaker and
speckled trout.

Food Supply —— MEDIUM. There is no
evidence of food kmitanon for shrmp.

Biotoxins, Pathogens and Discase —
LOW. There is no evidence of disease
problems with shrimp in Netth Caro-
lina. Pathogens are of only minor local
impornance to shrimp.

Overall Function of the Benthic
Community

The benthic community has several
impomant functions in the estuarine
ecosystem, including nutrient recycling,
trophic linkages, imponant fisheries,
aesthetics, nursery habitai (i.e. oyster
reefs), water clarification through filtering
capacity, expon of energy and organic
carbon, and environmentat indicators of
poltutants and other water quality param-
eters (i.e. EPA’s Environmental Monitoring
and Assessment Prograrn).

The benthic community should not be
divided into separate components as it has
been traditionally. Generally, the estuarine
system has been broken into separate
components including seagrass, salt marsh,
hardbottiem reef, oyster reef and tidal flats.
Many similarities and differences exist
among these areas. These areas all have
very similar macrofaunal structure, but the
cycling of mitrients is different. When these
areas are considered separately, habitat
boundaries are often drawn and the
imponance of interrelation among thesc
areas is lost. For example, the seagrass
community is not just the grass bed itself,
For the seagrass bed to continue its
functrion, the sumrounding mudflat areas
and the channel that provides flow into the
area must also be maintained. This imerre-
lationship between the grass bed, the
mudflat and the channel is extremely
important from a management perspective.
For example, if a mitigation project re-
quires the installation of a grass bed, but
does not include a consideration of the
habitat context, it will likely be an unsuc-

cessful habatat mitigation,

[n determining the criteria to maintain
shellfish and the benthic community,
habitat areas were looked at separately.

But the proximity of the activities of the
target species within these areas was
considered so as not w draw habitat
boundarnies. The areas that were looked at
include: seagrass and shallow sand.
shajlow sand; cyster and shaliow sand/
mud (90 percent of Pamlice Sound); and
salt marsh with associated shallow
nonvegetated muddy area and channel
entrance. The importance of habitat and
trophic structure through close examination
of predator diversity is the primary focus of
the Shellfish Team's repont. The water
quality criteria that should be maintained in
these areas are benter described by the
Water Quatity Team's report.

From a management perspective,
several conditions should be maintained 1o
continue proper functioning of the benthic
community, including:

Habitat Biversity (Moszic) — No single
habitat area, such as seagrass beds, can
support all the functions of the benthic
community. lnstead, 2 mosaic of all the
habitat components must be main-
tained. The proportion and proximity
of these hahitats, such as seagrasses,
sand flats, mudflats and salt marshes,
etc. are important. Until more informa-
tion on exact utilization patterns is
obuined. we should preserve the
currend ratios regionally. A discussion
of how to protect each habitat area is
included.

1, Seagrass and Shallow Sand -
Many seagrass beds are already pro-
tected because of their important func-
tion as nursery areas for larval fish,
shrimp and blue crabs. But the shallow
sand areas that immediately surround
the beds and the associated currents
and fiow patterns are not protected.
The shallow sand areas are where
crabs forage for food (Powel] 1994)
and the flow patterns or currents facili-
iate the passive colonization of beds
by larval organisms. For a seagrass bed
to adequately continue its funclion as
an important estuarine habitat, the sur-
rounding shatlow sand and flow char-
acteristics must also be maintained.
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* Recommendalions:

Protection of seagrass beds should
extend 10 meters from the edge of the
grass bed. No direct disturbances
should occur to the bed or 1o this
surrounding shallow sand area. In
addition, no acuvities should occur that
interrept hydrodynamics, increase
turbidity or nuiricnt loading or inter-
fere with other water quality param-
eters to an extent that significandy
inhibits or terminates the habitat
function of the grass bed or poses
harm to the animals using the bed.
Proposed developments or activities
should be evaluated for their potential
disturbance both during construction
and long-term operation. All mitigation
projects should include consideration
for the context of the grass bed to be
¢stablished. Without an adequate
shallow sand area and currents, re-
establishment of grass beds for habitat
will not be successful.

2. Shallow Sand — Expansive
shallow sand areas are important to
blue crabs for forage, especially in the
absence of grass beds. Depth is the
key charactesisiic that makes these
areas suitable for blue crabs. In the
Chesapeake Bay and near Wilmington,
N.C., it was found that arcas of fess
than a half meter in depth were
typically utilized by blue crabs for
forage (Powell 1994; Ruiz et al. 1993}
in tidal areas, this transiates toc a 1-
meter mean depth. Sand grain size is
also important. In areas frequented by
crabs, the sands are fine with a mean
grain size of greater than 125 microns.
Fine sands are more important than
silts. By weight, these materials are 75
percent fine 10 very fine sands with
typically one half of one percent
organic carbon. Shallow sand areas are
also impornant habitats for several clam
species and penaeid shrimp. In centain
parts of the state, any shallow water
area with specific salinity and substrate
characteristics is considered 1o be
potential primary nursery habitat for
shrimp.

* Recommendations:
No net change in sedimentation
and siltation to shallow sand areas
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should be allowed. No dredging,
filling, channelization or other
hvdromeodification project 1n these
areas should oceur that results in
significant change in depth or sediment
makeup.

3. Oyster Reels and Shallow Sand/
Mud — Recent rescarch indicates that
oyster reets may be more imporiant as
habitat for shamp. crabs and certain
juvenile fish than they are as a direat
commercial fishery, In Pambeo Sound
and near Wilmington, N.C., crabs have
been ohserved foraging between 2 and
5 meters off the continuous margin of
oyster reefs (Powell 1994; West per-
sonal observation). To uphold the
habitat function of ovster beds, it 1s
therefore necessary to protect the
shallow sand/mud areas surrounding
the oyster reef. Qyster reefs consist of
the oyster shells and some percentage
of bare sand. If there is too much sand,
the area is merely scattered shells.
Scartered shell is found throughout
much of Pamlico Scund and does not
provide habitat like an oyster reef.
Continuous clusters of ovsters as small
as one square meter in size, however,
have shown habitat usage (Powell
1994). Live oysters are not necessary
for these clusters to serve as hahitat for
fish, blue crabs and other shellfish.

* Recommendations:

All oyster reefs worthy of protec-
tion should first be identified and
mapped. Some oyster reefs are over
100 years old, while others last for only
five years. The inventory of reefs
would have to be updated accordingly.
Protected and invenioried reefs should
include all clusters of oysters (dead or
alive) that are at least 1 square meter
in size with a continuous boundary.
No development or activities that
would disrupt, fragment or otherwise
physically destruct these beds should
take place. As with the seagrass beds,
this protection should extend 1o 10
meters outside the continuous bound-
ary of the oyster cluster in order 10
protect the shallow sand/mud areas
used by blue crabs, shrimp and
juvenile fish for forage. In addition,
each project or activity within close



proximity 10 the reef should be looked
at individually to determine if constnic-
tion or long-term usage will disrupt
flow, increase turhidity or alter water
quality to an extent that buries the
oyster bed; significantly impedes ils
habitat or food function; or poses harm
to the animals utilizing the reef. A
literature search of current recommen-
dations for suitable temperature,
oxygen and salinity ranges for aoysters
and clams should first be conducted.
All mitigation projects should include
consideration for the context of a bed
to be established. Without an adequate
shallow sand/mud area and flow
supplied by currents, re-establishment
of oyster reef tor habitat or food will
not be successful.

4. Salt Marsh With Associatd
Nonvegetated Muddy Areas — Salt
marshes, as well as the nonvegetated
muddy areas that surround them, are
important to shellfish for habitat. High
in organics and high in productivity,
shallow mud areas are used similarly
to the shallow sand areas of the
estuaries. Secondary and tertiary
channels of the shallow mud areas
typically have a i-meter mean waler
depth and are important primary
nursery areas for crabs, shrimp, spot
and croaker. Flushing, tidal patterns,
water depth and oxygen are ail
important characteristics that make
these areas suitable as nurseries. The
unvegetated channels and shallow flats
contained within the marsh system are,
however, functionally more important
than the outside adjacent flats that may
occur between the marsh fringe and
deep channeis. The marsh thus func-
tions as a refuge, both through shallow
water channels and intertidal vegeta-
tion and a source of detrital food.

= Recommendations:

No changes in depth of the muddy
areas adjacent to salt marshes should
be permitted. If depth is increased, the
area is exposed to larger predators,
which inhibits refuge for larval shellfish
and fish. Accessibility of these areas is
also crucial. An area may have a lot of
production, but because of certain
conditions such as temperature,

oxygen or lack of physical access,
shellfish may be excluded from the
area. Each development or activity
within close proximity of the area
should be looked at individually to
determine if construction or long-term
use will disrupt flow exchange, lower
dissolved oxygen, alter water quality or
block off channel entrances 10 an
extent that impedes the habitat func-
tion of salt marshes and the associated
nonvegetated muddy areas ar poses
harm to the animals uulizing them. No
activities or development should be
permitted that alter flow dynamics 1o
an extent that interferes with detnital
accurnulation or growth of vegetation
in marsh areas. Developments immedi-
ately upstream of marsh areas should
not increase runoff to salt marshes and
surrounding mud areas. Mitigation
projects should pay particular attention
to channe! and mudflat habitats.

Water Quality — From the community
purspective, the maintenance of the
proper salinity and flow regime is most
imporant. If water quality is not
improved, more problems will develop
with the benthic communiry. The
impacts of algal hblooms, sewage
discharges and sedimentation on the
benthic community can be devastating.
However, increased nutrient loadings
and sedimentation aren't solely o
blame for shelifish contamination,
disease or population decline. Rather,
numerous changes in water quality
combined with changes in habitat
cumulatively affect the shellfish and
the benthic community.

Hydrodynamics — Inlets and flow hy-
drodynamics are crucial to matntaining
food supply, proper access to feeding
and nursery areas and a proper salinity
regime for the benthic community.
Flow speed and turbulence influence
the deposition, resuspension and trans-
por of food particles, detritus and in-
organic particles that affect benthos in
numerous ways. Benthic filter feeders
are sedentary. Therefore, the rate at
which food is supplied to them is a
function of flow speeds. Changes in
flow characteristics can negatively im-
pact the benthic community.
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Trophic Structure — The complexity or
linkages of species (number of species
multiplied by number of linkages)
should be maintained rather than just
the diversity (number of species).
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Fish

Coastal and estuarine fish communities
are complex. Many different habitats and
resources are required 1o maintain 2
diverse fish community, and North
Carolina’s coastal sounds and estuaries play
an important role. Over 90 percent of all
commercially and recreationally harvested
fish spend a portion of their life cycle in
the estuary. Both natural and human-
induced influences on the estuarine system
can affect the fish community. Develop-
ment, tourism, boating and fishing along
North Carolina’s coast continue to increase
as population grows. Individually these
changes may seem small, and it is often
assumed they have linle or no impact on
tisheries. However, the cumulative impact
of these changes can have a subsiantial
effect on the estarime system and coastal
fisheries.

In this phase of the study, the criteria
needed for maintaining North Carolina's
fisheries as a coastal resource were deter-
mined. For this process, it would be useful
to describe a specific fish communiry 1o be
suppened, protected and managed,
However, it is difficult 10 define the “ideal”
fish community. Even under naniral
conditons, it fluctuates over time. Similarly.
the list of desirable fish species also
fuctuates. Using 2 historical perspective on
fish communities for this definition 15 also
difficult because the currently availabic
data provide only a snapshot of the
suspected long-term fluctuatons. However,
it is genenailv understood that changes in
certain parameters such as salinity, tem-



perature. oxygen, habitat or food availabil-
ity can negatively impact fish commumues.
Human activities that occur on land and in
the water can also contribute to these
changes. Estuarine fish are extremely
resilient. They are usually both euryhaline
table 1o withstand a broad range of
salinities) and eurythermal (able 1o wolerate
a broad range of temperatures). However,
extreme changes in these parameters <an
take certain species beyond their threshold
of tolerance, subsequently shifting the
species composition of the fish community.
An area may be altered so that it 15 no
longer suitable for a particular species of
fish, yet at the same time it becomes ideal
for ancther species. These shifts may be
desirzble or undesirable.

Following is an outline of specific
condittons and problems that affect the fish
communrity. The relative imporniance of
each condition is ranked HIGH. MEDIUM
or LOW. However, all conditions are likely
to be extremely important depending on
the location and timing of their occurrence
within the estuarine system. Discussions
regarding variability of importance accord-
ing Lo zone, location and time are included
tor several factors. For example, cenain
Iocations within the estuarine system. such
as inlets and channel entrances 1o shallow
bays, are important passageways for fish
and their food resources. If changes in or
necar these passageways occur during
critical pericds such as during recruitment,
even short-term transient changes can have
long-term consequences to fish popula-
uons. Changes that are beneficial during
onc time period may be extremely detri-
mental during another ume pedod. In
addition, the effects of all these parameters
vary in North Carolina’s estuarine system
because of the large degree of variability
among estarine segments. Geochemistry,
biology and current patterns are important
factors that vary widely in different parts of
the estuary and can affect the result of
certain changes.

Also included is a list of the nartural
and human factors that contribute to the
problems that affect fish. These contribut-
ing factors are not discussed in great detail
but are merely listed to provide the
Environmental Systems Team with some
insight as to what activitics should be
included in their analysis of the entire
system. Because the estuarine system is so

complex and expansive, including major
water exchanges from rivers and the
ocean. and because many fish are mobile,
impacts can extend over a large area. And
changes occurring in a given area often
cannot be traced to a single local use.
Miany of the conditions and factors are
interrelated. Some of these interrelations
are discussed.

Turbidity (Direct/Indirect)

Turbidity can increase as a result of
siltation or sedimentation from runoff and
eroston. disturbance and resuspension of
hottom sediments, algal production or
waste discharges. The source of wrbidity
determines the type and degree of effect it
will have on fisheries. Increased turhidity
can reduce light penetration and affect
oxygen and emperature. Reduced light
penetration can isolate thermal heating to
the upper layers of the water column,
sometimes exacerbating stratification and
the associated depletion of oxygen in
bottom waters and directly harming fish
that live there. Beds of submerged aquatic
vegetation (SAV) can be reduced by the
lack of available light for photosynthesis;
this impediment is caused by both reduced
light penetration and hlanketing of plant
stemns by silt and particulates, SAV is
important to fish for habitat. Therefore,
increased rbidity indirectly harms the fish
community by reducing SAV habitat.
Increased turbidity can directly interfere
with the feeding of cenain fish species by
clogging gills of filier feeders and deposit
feeders and mnhibiting feeding for those
species that depend on visual cues to
detect food. Sediment deposits can bury
fish eggs, making them nonviable and
having a direct impact on fish reproduc-
tion. Sediment can also disturh the benthic
community, thus affecting the forage base.
However, if algal production is the source
of turbidity, some fish species benefit
because they are better able to avoid
predators or find food. In general, from a
fisheries perspective, increased turbidity is
a problem of MEDIUM severity in North
Carolina’s coastal waters. It is most impor-
tant in the mesohaline or high salinity
regions of the estuaries because of its
effects on seagrass beds in these locations.
Turbidity is also of imponance in the
oligohaline zone of the upper estuary and
is more directy related to land use and
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erosion. [t is of least importance in the
mid-salinity region because tarbidity is
pervasive because of natural mixing
processes in these areas due to wind
exposure,

Contributing Factors:

— Sediment loads from torestry,
agriculiure, construction and urban areas

—— Circulation or resuspensien of bonom
sediments from such natural occumrences as
winds and such human disturbances as
dredging or fistung pracuces (e, clam-
kicking, urawling}

Recommendations:

+ Best managemen practices (BMPs) for
various land uses

* Water management for agriculture and
forestry

Oxygen (Direct)

Mosi often, reduced oxygen levels
stress fish and/or climinate suitable habizat
areas for cenain species. However, infre-
quent anzerobic events also cause fish
kills. Reductions in dissolved oxygen levels
can stress fish, causing them 1o be more
susceptible to predation, hacteria, viruses
and other morality sources that are
normally present in the environment. If
oxygen levels drop severely, coastal waters
become anoxic or hypoxic and fish kills
can occur. Low dissolved oxygen can also
reduce important food sources for fish,
such as immobile invenebrates. Energy
transfer is reduced as a result of depleted
oxygen, and growth and survival of fish are
also reduced directly and indirectly.
Expansion of areas with depleted oxygen
levels can reduce the availability of hahitat
for some species. Estuarine systems
naturally have high oxygen demand.
However, loadings of oxygen-demanding
waste such as wastewater discharges and
runoff from animal facilities can substan-
tially increase this demand. In addition.
bottom sediments of estuaries are usvally
anoxic. Activities that resuit in disturbance
of these sediments can increase the oxygen
demand. in general, reduction of dissolved
oxygen levels is a problem of HIGH
importance in our coastal waters. The
geographical extent, frequency and occur-
rence of anoxia and hypoxia should be
reduced.

Contributing Factors:
Physical

A

— Nalinity

— Temperalure

— Citculationswind {weathen
— River flow

Biolugical

— Oxygen consumplion due to exiemal
arganic carban lcadings from pulp nudls,
animal facilities and other oxygen-demanding
wasles,

— Oxypen consurnplion due o imernsl
decay of algae, aguatic vegetation and other
organic material. Ghen a cycle ol nurent
loading results in aigal blonms that consume
oxygen when they die and decay. Sources of
these excess nutrients include wastewaer
discharges, agricultural runoff and othe
NoNPoInt SOUFCES.

Recommendations:

* Reduce loadings of oxygen-demanding
wastes 1o the estuanne systen, especully near
key habitat areas. Most areas of the esiuary
are, however, key habitat areas.

Temperature (Direct)

All urganisms have an optimum
lemperaiure range. Estuanne species are
usually eurythermal, thus having a wide
range. However, rapid lemperature fluctua-
tions or temperatures cutside the preferred
range can cause morality, stress, reduced
growth and loss of energy reserves.
Temperature decreases may be more
detrimental than increases. More impor-
tantly, temperature affects habitat availabil.
ity. Fish utilize areas of optimal tempera-
ture, particularly duning spawning. and will
abandon areas with temperatures outside
their preferred range. In general, tempera-
wre effects are of LOW importance in
coastal North Carolina. There are some
areas where thermal impacts to fish are a
localized problem such as near an indus-
trial discharge or coolant water intake and/
or discharge. Thermal shocks to fish can
also occur at the heads of bays during
penods of heavy runoff or heavy dis-
charges. Large land-clearing activities can
intensify the severity of these shocks.
These shocks are more pronounced during
temperature extremes in winter or summer.
often having detrimental effects on species
such as sea trout and sea turtles. Tempera-
ture changes are most imponant in shaliow
oligohaline areas. Activities that restict
water movement in thesc shaliow areas can
result in containment of solar heating.
which increases oxygen demand. Increases
in warmer freshwater flows 10 these areas



van exacerbate stratification. Surface waters
can hecome the only laver with adequate
oxygen for fish, but the temperature may
be too hot, eliminating suitable area and
causing stress. In addition, elevated
temperatures can increase growth of
nuisance algae that rob water of oxygen
needed by fish.

Contributing Factors:

-~ Impoundments, other flow reductions
or activities that restrict water moverrent can
result in containment of solar heating, thus
causing temperitures to increase in localized
areas, especially shallow areas.

— Indusrial discharges

— Cooling water intakes (if species are
drawn in} and thermal discharges

— lmpediments to currents

— Large-scale land-clearing for such uses
as agnculiure

Recommendatlons:

= Prevent activities thal restrct water
movement in shajlow areas.

+ Manage land use practices (e.g. land-
clearing) to prevent summer runoff tempera-
ture increases greater than 2 degrees Celsius
and winter decreases greater than 2 degrees
Celsius.

Food Availability (Indirect)

Fish may go through a number of
developmental stages, and their food
requirements change during these different
stages, Changes in the type and quantity of
available food will affect the structure of
the fish community. However, total fish
productivity will usually remain about the
same. Specifically, shifts in food type or
availability affect growth and survival of
fishi. Food availability is a factor of LOW
importance and is primarily an indirect
effect of other disturbances or conditions.
Many of the factors important for sustain-
ing healthy fish populations are also
necessary for their prey. Light, ternperature
and salinity affect algat composition and
production, which is the basis of the food
chain. Therefore, changes in these param-
eters can translate up the food chain. Many
fish are adapted to particular types of prey,
so conditions that affect the composition,
abundance and distribution of prey will
indirectly affect fish. Food quality is
probably more important than food
quantity, but it is species-dependent.
Although plenty of aigae may be readily
avajlable, many types of algae are not
suitable as fish food, and other types are

toxic to fish. In the case of filter feeders,
changes in physical energy may change the
particle sizes available, thus affecting the
animals” filterng and feeding capacity.
Changes such as these that affect fish
populations at the producer level wiil
transfer up the food chain. Other factors to
consider inciude suitability and access of
the area for consumers of the food re-
scurce. An area may have a lot of produc-
tion, but because of certain conditions such
as temperature, oxygen or lack of access,
fish may be excluded from the area. Just
because an area has abundant prey doesn't
mean there will be high fish production.

Contributing Factors:

— Changes in physical characteristios
listed under Oxygen (salinity, river flow, etc.}
that affect the fish prey community or access
to ford resources,

Recommendations:

= Give equal consideration w impacis on
invertebrates and nencommercial/
nonrecreational fishes when establishing
regulations.

Habitat (Indirect)

Habitat is a factor of HIGH imponance
to fish, especially for food and shelier.
Habitat requirements are stage-specific for
many fish species. Fstuarine habitats are
usually of greatest importance 1o larval and
juvenile fish. Habitat types are diverse and
are the basis for a diverse fish community.
Types of habitat include: marsh, seagrass,
marsh creeks, mudflats, hardboniom (ovster
reef), sandy bottorn and the water column.
Conversion or destruction of these habitats
can affect the structure of the fish commu-
nity. Many human activities can cause
physical destruction of habitat, and other
activities can change habitat characteristics,
thus changing the type of fish community it
can suppori. All the other factors discussed
in this fisheries section are components of
habitat. For example, increased nutrient
loading, physical energy or turbidiry can
destroy seagrass beds, reducing their ability
to provide forage and refuge. Similar 10
food availability, access is an important
factor to consider in evaluating habitar.
Almost all habitat areas are colonized by
passive transport via currents and channels.
An area may potentially be a pood habitat,
but without adequate access it cannot be
utilized by fish. There are, for example,
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only a few entry points to the Pamlico
Sound from the ocean. Without these
access/migratory points, this area would
not support such large fish populations.
Even small changes in currents or hydrody-
namics at these critical access locations can
have vast impacts on the fish community.
Migratory and access roules are important
considerations in all habitat preservation,
restoration and creation eftonts,

Contributing Factors:

— dredge and fill of wetlands and marsh
areas

— channelization for drainage improve-
Ments, ZCCEss O navigation

— diversion of flaw for wrigation or
water supply

— diking of canals

— construction and uwse of bulkheads.
piers, bridges, groins, jetties. moarings and
other man-made structures

— increased nutrient and sediment loads
from paint and oonpoint sources

— increased resuspension of sediment
and mixing of the water column by boat
traffic

— beach nourishment

— fishing practices, including clam-
kicking and rrawling

— recreational boaling

Revommendations:

+ Decisions regarding permitting must
recogmize local and cumulative impacts of
habitat loss. The amount of available habitat is
finite and has been excessively reduced. The
permitting process needs to be modified to
reswore specific habitats and morease
available habitat,

Salinity {Direct/Indirect)

Estuarine fish species are euryhaline
{tolerant of a wide variety of salinities).
However, the freshwater/saltwater regime
affects many habitats within the estuanne
system. Extreme and rapid changes in this
regime can result in loss of habitat, particu-
larly nursery areas, thus indirectly causing
shifts in the fish community. Often.
changes in salinity can improve conditions
for pathogens, increasing the disease
occurrence among fish populations. For
example, ulcerative mycosis primarily
affects young fish in areas of low salinity
during the months of May and June (Noga
1993). 1n addition, some chemicals are
toxic in salt water but not fresh water. Most
fish are mobile, but sometimes they are
trapped in unsuitable conditions. Changes
in salinity can directly harm these organ-
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isms. In general, acute and sustained
changes in the freshwaterssalowater regime
should be avoided. Salinity is the main
buffer system for coastal waters, preventing
acidic conditions. Increased freshwater
inputs could result in acidic conditions that
are unsuitable 1o centain species of fish,
Salinity is closely associated with river
plume dynamics. Drainage of surface water
from upland areas into nursery areas
through man-made ditches and canals has
been shown to create unstable salinity
conditions when rainfall exceeds one inch
in a 24-hour period. And brown shrimp,
spot. croaker, southermn flounder and blue
crah prefer nursery habitats with ao man-
made drainage and stable salinity patterns
(Pate 1981} Increases in freshwater flow
<an exacerhate stratification because the
warmer, less deose freshwater flows on top
and traps the cooler, heavier salt water
below, preventing mixing. Overall salinity
15 of MEDIUM imporiance o coastal fish
populations.

Contributing Factors:

— increased freshwater runoff from loss
of wetlands, land-clearing and development
{increase in impervious surface}

— flow diversion for agriculture or water

supply

— dredging of canals for navigation or
flood controt

— dikes or barriers that change hydrody-
NAMICs

Recommendations:

« Regulatons must consider cumulfative
impacts from munoff and changes in hydrody-
namics and prevent substzative changes.

Currents (Flow/Hydrodynamics)

(Indirect)

Certain locations in the estuarine
system are important migrational points for
fish. For example, inlets are narrow
entrances betwreen the estuary and the
ocean thal are extremely important access
points for fish at various life stages, espe-
cially estuarine-dependent species. Chan-
nels provide fish access to small
embayments where imponant food re-
sources and refuge are located. Passive
transport by currents and fiow facilitates
most of the colonization of these areas by
fish and 1heir food resources. Changes in
these bottlenecks. or aceess points, can
affect recruitment in new areas, Without
cusrent transport, larval fish and planktonic



foed resources can't aceess these habitat
arcas. Estuanine current dynamics affect
foad availability, recruitment and larval
transport (o nursery areas. Therefore,
changes in current dynamics can shift the
fish community and reduce fish popuia-
tions. The timing of these changes is often
crucial. Short-term transient changes can
have long-term consequences if they
coingcide with the recruitment season. Some
activities that change current and flow
dynamics. such as dredging or dredge
disposal, may have minimal impact at one
time of year but be detrimental at another.
Current dynamics also affect salinity and
oxygen and therefore can affect the
suitability of habitat. Changes in current
dynamics are of MEDI/M 1o HEIGH
imponance in our coastal waters.

Contributing Factors:
— flow diversicn for agriculwre or water

supply

— dredging of channels and canals for
navigalion or flood control

— other dikes, jemties, piers, docks,
underwater strucares, berms or barmiers thar
change the hydrodynamics of the estuary

— dredge disposal

Recommendations:

Regulations must cansider cumulative
mpacts from runoff and changes in hydrody-
namics and prevent substantive changes.

Predators and Competitors

{Indirect)

Species-specific interactions are
smpornant 1o maintaining trophic balance of
the fish community. Shifts in habitat, water
quality or fishing that result in the decrease
of a cenain fish can change the species
composition, thus altering the balance of
the food web. For example, removal of an
impornant predator species that keeps a
grazer species in check may result in
depletion of food resources important 1o
other juvenile fish. Many commercially
unimportant fish species are important
components of the food web and are
therefore necessary for maintaining trophic
batance. For example anchovies, silversides
and other small forage fish are imponant
prey for bluefish, flounder and other
predators. For this reason, eftective fisher-
ies management calls for a multispecies
approach, not just single-species manage-
ment for hugh profile fish. Changes in one
species may have a ripple effect in the

community. Predator and competitor
interactions within the fish community and
food web are of LOW to MEDIUM impor-
tance.

Contributing Factors:

— commetcial and recreational overfish-
ing and selective fisheres habital destouction
or alteration

— changes in any ol the parameters here
identified as affecting fish communities (ie.
salinity ffreshovater regime, curcent or flow
hydrodynamics or turbidity}

— fishing techmiques and gear types

Recommendations:
* Llse a multispecies approach o
fishenes management.

Fishing Mortality (Direct/Indirect)

Fishing has a direct and major effect
on fish populations and is of HIGH
importance to maintaining coastal fisheries.
Overfishing combined with other pressures
(changes in salinity, lack of oxygen or loss
of habitat) represents a cumulative impact
on the fish community. Increased fishing
mortality can alse indirectly affect the fish
community by triggering changes in other
parameters such as predation/competition
interactions. If, for exampie, a key species
is removed, there will likely be a shift in
the trophic balance of the system. Rycatch
of nontargeted species in commercial
fishing operations is also an important
source of fish monality (Murray et al.
1991). Many important juvenile commercial
and recreationa) fish are caught as bycatch
in fisheries directed at other species. Some
fishing practices such as dredging and
trawhling may indirectly harm the fish
community by destroying habitat (Upton
1992). In addition, fishing practices and
certain fishing gear types will disturb
bottom sediments, which, as mentioned
earier, can increase turbidity and oxygen
demand. The impacts of uncontrolled and
unselective fishing can oureeigh all the
other factors included in this section. not
only hecause of the direct effect on fish,
but because of the effects of fishing
practices on habitat and water quality.

Contributing Factors:

— overfishing by both recreational and
commercial lishermen

— bycatch
Recommendation:

* Coastal Zone Management should
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obtain review authonty over certain Marine
Fishenes Comumission decisions,

Disease (Indirect)

Diseases can kill fish or may make
them unsuitable for market. Disease is of
LOW imponance as a direct effect on fish
populations and is usually a consequence
of other parameters previously discussed.
However, recent evidence shows that many
fish diseases such as ulcerative mycosis are
a cumulative response 1o stress, The
significant increase in incidence of disease
in coastal fish populations is strong evi-
dence of increasing cumulative ecosystem
stress, Changes in salinity, temperature,
oxygen or other parameters can stress the
fish and make them more susceptible to
disease organisms that are normally
present. In addition, changes in these
parameters and others such as nutrient
loading may create an environment more
suitable for disease organisms, thus increas-
ing the exposure of fish.

Coatributing Factors:

— stress from changes in environmental
parameters (sahnity, oxygen, temperature ot
the presence of 10xics)

— changes in environmental conditions
that make an area more suitable far disease
organisms

Recommendations:

s Uise incidence of fish kills and disease
as an indicator of system stress; reduce
cumulalive impacls Lo mitigate stress

Toxicants

There is concern for contamination of
fish by metals, pesticides and other toxic
substances. The presence of contamination
is imporant relative to fish mortality as
well as human health hazards and food
chain implications. Contamination of fish is
of mosi importance to human consump-
tion, but, overall, it is of LOW imporance
to maintaining a healthy fish community.
NOAA's National Status and Trends Pro-
gram indicated no “high” concentrations of
monitored metals and toxics in tissues of
bottom-feeding fish and shellfish or in
sediment samples at five North Carolina
locations {NOAA 1990). The only occus-
rences of fish contamination are in the
immediate area of a source such as a
wastewater treatment plant or industry.
Contamination of fish by metals poses a
threat to human health and possibly to

A.37

other links in the food chain. but it is not a
major threart to the fish themselves. North
Caroltna has witnessed some acute direct
effects on fish in our coastal waters such as
fish kills from golf course pesticide use
(Leavenworth 1992), but there is little
information about the chronic effects o
fish that are exposed o the multitude of
loxic substances. Nursery areas at the ends
of canals are very susceptible 10 pulses of
chemical runoff. Episodes ol exposure o
organics can fast up to 24 hours. 1n addi-
tion, other factors such as oxygen and
salinity affect chemical toxicity. solubility
and cycling. Chemical cycles are highly
dependent on the oxvgen conditions in the
upper reaches of the estuanes (Sunda and
Huntsman 1989). Anoxia cycles make
various chemicals more soluble. Dunng an
anoxic pericd. metals or chemicals that
have previously precipitated out and are
stable on the botom may bhe redissolved
into the water cotumn, thus re-exposing
fish.

Contributing Factors:

— the presence and proximity of
numeraus peint and nonpoint sources of
pollution 1o coastal waters

— agricultural, golf course and other
urban use of pesticides

— puip and paper mujls

— utban unaff

— wastewater veatment facilities

Recommendations;

* Biolegical indicators should be used to
determine hazardous levels of woxics instead
of just considering sediment and water
column concentrations. Biological indicators
should include fish. zooplankion and species
representing the entire food web. Actviles
that genersle potentially hazardous quantities
of metls, pesticides or other toxicants should
not be locared immediately upstream of
primary Or secondary nursery arcas {see
discussion in the Water Quality Summuary
under B, Presence of Toxicants in the Water
and Sediment). Use and dischanye of metais,
pestiondes and other oxic or potentally 1oxic
substances should be minimized 10 the
estianne syslem.

Hormooes

Hormones and other physiological
factors affect growth, survival and repro-
duction and may affect wild fish popula-
nons when released into the environment.
Animal operations (swing, poultry, canle)
discharge nawral hormones in slaughtes-
house waste products and are using



increasingly more hormones in their

‘production stralegy. Some natural hor-

mones, such as the chemicals released
from shelifish in aquaculure facilities, may
alsc threaten fish. The potential for these
hormones to run off or be discharged from
these Facilities to coastal waters and the
possibility of them affecting the growth,
survival and reproduction of our fisheries
have not been addressed but could have
significant effects on coastal fisheries.
Therefore, the importance of hormones to
coasial fish populations is unknown.

Contributing Factors:

— the presence and proximity of animal
operations and processing planis 1o coastal
waters and their specific use of hormones

— aquaculture discharges

Recommendations:

« Evaluare and monitor the potential
effects of natural hormones and ones
introduced by humans.

= Review the proximily of animal
aperations, animal processing plants and
certain aquaculture facilities and the potential
impacts of runoff from these facilities to
imporant fish habitars.

Conclusion

Because of the complex inleractions
between fish populations and both their
abiotic and biotic environments, it is often
difficult to quantify or even identify the
specific consequences of a particular
action. Regulations implemented during the
past 20 years have not prevented signifi-
cant damage to fisheries habitat and some
fish populations. if we wait for scientific
study to decipher these linkages, we will
lose much of our coasial resources. A risk-
aversion approach is needed: The impact
of all factors suspected of contributing to
coastal declines should be reduced until a
positive response is seen.
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Appendix B

LINKAGES BETWEEN COASTAL
RESOURCE QUALITY AND LAND
USES AND HUMAN ACTIVITIES

Introduction

In designing a management strategy to
protect coastal resources from the second-
ary and cumulative impacts of develop-
ment, it is first necessary to investigare all
the known linkages between various land
uses and human activities and the prob-
lems we are currently experniencing along
our coast. In determining the proper
function of their resource, the Water
Quality Team identified six problems that
indicate degraded water and aquatic
resource quality. They listed all the known
causes and contributing factors to these six
problems. The diagram presented on page
B-2 indicates the result of their evaluation.
This diagram successfully shows the
complexity of how all human activities are
cumulatively resulting in the changes
considered environmental degradation.
Additional diagrams displaying the linkages
specific for each separate problem area
and each individual land use or human
activity have also been provided. This
should help isolate the various components
resulting in or related to cumulative
impacts. These diagrams are designed 1o
help aid in decision-making processes
relative to cumulative impact management.
These diagrams allow the decision-maker
to focus on a particular problem of con-
cern or a specific land use or human
activity in question, while also considering
the full extent of cumulative impacts.

B1



R P R A R e G N D D D O GR I ) 2B D e e E

o
TN 2 w
’/3 o & T
AUTOMOBILES B R o=
=79 =
: mF
CROPLAND ,. .\ T
- »
ANIMAL FACILITIES il
'Z ACEVAR z
HYDROMOD Z | o, Z el
; O N ,
PULP MILLS e | 29z C
WWTR ) LIS 5;—: o i g
RES DEV. MR\ RoeiA 7y ==
M‘wﬂxﬁ:ﬁ@/
COMM. DEV. 9&\@‘.‘@%@,@5@3&, A\ & ° g (
7 Sk 2 88 Z W
GOLF COURSES L oRSz
= 5 c'.;\‘.__
ND. STES MK W0 oMmEE >
. AN NI IR — =5
\-. g X 4 ;.“"\ O o= (:a
IND. WW DISCH. BN q,g:"gg,;w;wgriﬂ £EaT _I
IND. AR DISCH. 0 {'@:ﬂ?&g@;}’(r R <
. 4 4 .:' H/ AR A
MINING ¥/ /" Q,fﬁ.‘:’%}\f -
VIRAEEN 2. m
FORESTRY OPS, K7//% ’f@f‘-‘"é&“@"‘\ 24
LIRS \\\ S R—
MARINAS .{/ﬂl‘:?’f’i“!"\‘ N A Che
igl ik W%
FSKING PRAC, %g,y”}@%ﬁ%\\ ' Z
SEPTIC SYSTEMS /// ‘v&.‘\“‘:ﬁ\\ o ] U
' } 4 Al A E ' Pt
ROAD BLDG. B0 // N 2 V2 % = >
4 N = ] s 25
SEAF0OD PrOC. WP K : el ()
' <
S0AT USAGE P o \\ < -—
CONSTRUCTION  #24 \ 2
WETLAND ALTERATION b\\\ S Iz
AQUACULTURE 8 5%
N
o
:
rs £
=& =3
O o 8 (23
e 2 ®
B-2




ASv3asia
ST HSM

SWOO18
WOy
JONVYSINN

'STUM "ISVY3SIA
HSIATIAHS

3¥NSQD 438 #
‘NOLYNINYINDD

NOILONa3H
MOOLS
HSI4

AUTOMOBILES _
N 4
CROPLAND o ;
ANIMAL FACILITIES ’-0‘ ; N
HYDROMOD """-".;.f;",//ﬁ/,,
ST BT T
PULP MILLS PE—> ;";‘4.’,{;’2‘,,’[ 5
72 >
AR
WP 7'”’/,'/47,,;/ -,
RES. DEV. Wl s/ is, BisN X
I/ZI,’I’/"."':-F L .
e ?,- 7/ ‘.-: .
COMM. DEV / 4l Sy
; 5 | ] "
GOLF COURSES / % e
IND. SITES / Yo
4 | ]
IND. WW DISCH. : .
. ",
ND. AIR DISCH. // )
MINING : / '
o s
FORESTRY OPS. 223 “a
S § =1 :'
MARINAS ! >
FISHING PRAC. P » p
SEPTIC SYSTEMS g .
= ]
ROAD BLDG. .
SEAFOOD PROC. :’
BOAT USAGE .
CONSTRUCTION £z .
WETLAND ALTERATION P g © .
. | .
AQUACULTURE ! ( v
: >
-5 )
3 o 3 =
a2 3 a2 &
© o -
o - (e}

LV1I8vH

NOILONA3Y
AYISHNN

SQYvZYH
H1W3H
NYNNH

ASVASIA ANV ST1IX HSI




AUTOMOBILES

CRCOPLAND

ANIMAL FACILITIES

HYDROMOD

PULP MILLS P

WWTP
RES. DEV.

COMM. DEV.

GOLF COURSES P—
IND. SITES P
IND. WW DISCH.

V"-_._____.-

J4NS0T0 038 ¥

IND. AIR DISCH.

MINING >
FORESTRY OPS.

MARINAS /

FISHING PRAC.
SEPTIC SYSTEMS

ROAD BLDG. P

SEAFQOD PROC W

BOAT USAGE
CONSTRUCTION
WETLAND ALTERATION

AQUACULTURE P

ppesQ

aBoyuIy
PalpuY)
aBoyui

asvisia

SKo018

SQUvZyi NOILING3Y NOILING3Y

HLIV3H
NYANH

VIV
JINVSINN

'STUN "3ISV3SIY
‘NOILYNINVINOD

AJ01S

1v11gvH
AHISHNN

STUM HSI

HS

HSId113HS

SWOO14 TvO1V IDNVSINN




SHELLFISH CONTAMINATION, DISEASE, KILLS, & BED CLOSURE

SHELLFISH

FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS

FooD

HYDRO.
CHAIN TURBIDITY YORO
DISAUP. MBALANCE

7

AUTOMOBILES P
CROPLAND
ANIMAL FACILITIES
HYDROMOD
PULP MILLS
WWTP
RES. DEV.
COMM. DEV.
GOLF COURSES
IND. SITES
IND. WW DISCH.
IND. AIR DISCH.
FORESTRY OPS,
MARINAS
FISHING PRAC.
SERPTIC SYSTEMS
ROAD BLDG.
SEAFOOD PROC.
BOAT USAGE
CONSTRUCTION
WETLAND ALTERATION P
AQUACULTURE

Direct

Linkage

Indirect
Linkage

B-5



CROPLAND
ANIMAL FACILITIES
HYDROMCD
PULP MILLS
WWTP
RES. DEV.
COMM. DEV.

GOLF COURSES
IND. SITES

IND. AIR DISCH,
MINING
FORESTRY OPS,
MARINAS
FISHING PRAC.
SEPTIC SYSTEMS

ROAD BLDG.

BOAT USAGE
CONSTRUCTION
WETLAND ALTERATION

AQUACULTURE

AUTOMOBILES I

IND. WW DISCH. ﬁ/

SEAFOOD PROC.PTT

aBoyui

}3911pu)

aboyun

1eu1q

JONYIVEN
ONOAH

STHM HSI

SWO0d
WO
JONVYSINN

JYNS010 438 »
'STUM '3SVISIF
‘NOILYNINVINGD

NOLLONQ3Y
Y201S
HSI4

el

r"'IIZ
O C
C g ©
(‘}:‘w
:*;.g
cRak
%II
N M
2es
oS
UJI

HSIATI3IHS

NOILONA3d MD01S

1S




AUTOMOBILES

CROPLAND
ANIMAL FACILITIES
HYDROMOD
PULP MILLS
WWTP
RES. DEV.
COMM. DEV,
GOLF COURSES

IND. SITES
IND. WW DISCH.

IND. AIR DISCH.
MINING
FORESTRY OPS. K
>

MARINAS
FISHING PRAC.
SEPTIC SYSTEMS
ROAD BLDG.
SEAFOQD PROC.
BOAT USAGE
CONSTRUCTION

WETLAND ALTERATION

yaupuy|

"-;.___..yv

ISv3sig
%®
ST HSH

SHO018
WY
JONYSINN

R"gg
%)
202
o r
vz
o m=
o x5
we==
SO
D=
A
~
g 4o
n
QT
(=]
=
el
mIZ
=
S22
:-;';3
ISR
g Z
T
» I I
N M e
I
Pl
25%
2T

HSIJTI3HS

NOILONAFY LVLIGVH AYISINN

B-7




HUMAN HEALTH HAZARDS

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH %
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS oh

A A

i M.wn” TURBIDITY HYDRO.
. DISRUP. ) BALANCE

Direct

Linkage

Indirect
Linkage

CROPLAND
HYDROMOD
PULP MILLS
WWTP
RES. DEV.
IND. SITES
IND. WW DISCH.
MINING
FORESTRY OPS.

AUTOMORBILES
MARINAS

ANIMAL FACILITIES
COMM. DEV.
GOLF COURSES
IND. AIR DISCH.
FISHING PRAC. P
SEPTIC SYSTEMS
ROAD BLDG.
SEAFOOD PROC.
BOAT USAGE
CONSTRUCTION

WETLAND ALTERATION p
AQUACULTURE

- e i Gm an an N W o om I =y W



AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES
HYDROMOD
PULP MILLS
WWTP

RES. DEV.

COMM. DEV. P
GOLF COURSES P

IND. SITES P
IND. WW DISCH. P

IND. AIR DISCH. »
MINING >
FORESTRY OPS.
MARINAS
FISHING PRAC. »
SEPTIC SYSTEMS
ROAD BLDG. P
SEAFCOD PROC.

BOAT USAGE
CONSTRUCTION P
WETLAND ALTERATION p

AQUACULTURE M

oBoyuIq

}3921pUy|

aboyjui

pouQ

L

ISVISIO

SHOO18

NOILONAIY NOLLONA3Y J4NS0I0 439 »

SQYvZvH

DY
JAINVSINN

ST '3ISVY3ISIA
"NOILYNINVINOD

HI0LS
HSI4

1vliavH

AYISHNAN

H17¥3H
NYWNH

ST HSI4

HSI4TT3IHS

119143d NIOAXO

B-9




SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH °
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS a
A A
FOaD
i CHAIN TURBIDITY HYDRAO.
CISRUP. BALAHCE
Direct
Linkage
Indirect
Linkage
o _ A A4 4 A A
b = .own T T . R > Z
= 25 8 3 S & s g 2w d o oy
m = = ! i VoW L) Voo ul ] = =
= 0 & g = . a3 v s > = $ o 4 ¥ 355 5
o o w X oo v = K L E e Z xx ox Q G A & r e 5
= > = = v =2 Y 0 2 5 B 4 Z < O = =k 200
2 o 3z T 2 O L =z . N = T o &5 o < v a g
< o = : Lt = O =z 3
= O a o o vt = o &)
= 3 z z S Lo 7 3z ¢
<1 L. %) M
o
=



FISH KILLS
&
DISEASE

TOXIMS

IN WATER

A
)
LJ
=
=
@]
<L
o
L
I
b2
z
<t

AUTOMOBILES
CROPLAND

TOXINS IN SEDIMENT

SHELLFISH
NUISANCE

CONTAMINATION, FISH NURSERY HUMAN
ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS
Direct
Linkage
Indirect
Linkage
A A A A A A
. . ) . 6] Z
o v e v L T v o 9 8 w £ 0 w
o - 50023 3 L oy g0 88 &2 E &
2 3 038 0%¢E 35 2° 20 20250582
O = 2 & Z >~ =  m o~ 5 35 O
o £ 45 =2 8 32 x Z xx & Q% o O & 52
S 2 F U = Y g% 2 3B £ Z < 0 B B 2 9
5 2 5 b4 2 E 5 8 89 &
3 zZ Zz S ~ 5 O © F =
—11-
]
=

B-1



PATHOGENS

SHELLFISH _
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH ol
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS oh
A A A

FOOo
CHAIN
DISRUP,

P YORO.

Direct

Linkage

Indirect

Linkage

._
>

AUTOMOBILES P
CROPLAND

HYDROMQD

PULP MILLS W
WWTP

RES. DEV.

IND. SITES

IND. WW DISCH.

MINING
MARINAS

ROAD BLDG.

ANIMAL FACILITIES
COMM. DEV.
GOLF COURSES
IND. AIR DISCH.
FISHING PRAC. P
SEPTIC SYSTEMS
SEAFOOD PROC.
BOAT USAGE
CONSTRUCTION

v
0
o
p
0.4
-
L1}
L)
x
O
Le.

WETLAND ALTERATION p
AQUACULTURE




AUTOMOBILES

CROPLAND
ANIMAL FACILITIES

HYDROMOD
PULP MILLS P

WWTP
RES. DEV.
COMM. DEV.
GOLF COURSES
IND. SITES P
IND, WW DISCH.

IND. AIR DISCH.
MINING >

FORESTRY OPS.

MARINAS

FISHING PRAC. p

SEPTIC SYSTEMS
ROAD BLDG. »
SEAFOOD PROC.P

BOAT USAGE P
CONSTRUCTION
WETLAND ALTERATION

AQUACULTURE P

oBpyu

panpy|

aboyun

e

-
=
=
o
2
o T
X
;U
F
o 2
m

NOILONAG3Y NOILONOIY JANS0T1D Q38 % SWOODTg 35v3SI10

SUdvYZVYH

vy
JONVSIAN

'STUM “38vISIA
"NOILYNINYINOD

©o0LS
HSI4

1v1idvH

HLvaAH
NYWNH

ST1A HSIA

AYISHNN

HSIAT3IHS

ONOD INJIRINN

B-13




NUTRIENT RECYCLING

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS m
A A A

A

FOoD

CHAIN
DISRUP,

P TURBIDITY HYORO.
BALANCE

Direct
Linkage

Indirect
Linkage

A

SP” A A A A A A A A A A A A A A A A

L L Cowm T T : y v, L z £
O o g o v S oy QO 4 23 0o 0w s w
BNUOL e N A BT w e w o6 ¥ Q = F &
o 35 33 8060858 ° 2ap a8 &6 L2
& , & S > = m =
WOMWPWSMW.WRWRRGWDwU%EU
E o _, 5 2 b = g ® < 3, £ Z < © T Kz g
X 3 Q O I % o o F STR_MONDU
= O z Z ) e o BONO
= PE L & & ) w O <

=z ¥4 m

"

=




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES P
HYDROMOD
PULP MILLS P
WWTP >

RES. DEV. P
COMM. DEV. P
GOLF COURSES P

IND. SITES P
IND. WW DISCH. P
IND. AIR DISCH.

MINING ~
FORESTRY OPS. p
MARINAS B>
FISHING PRAC.
SEPTIC SYSTEMS p
ROAD BLDG. P
SEAFOOD PROC.P
BOAT USAGE P
CONSTRUCTION P
WETLAND ALTERATION p

AQUACULTURE P

oBbjui

p21pU|

abBoyur

ppeuq

3S¥3SIg

SHOO1E

JyNsO1D J3g #

NOILONO3Y

NOILJNG3Y

S5QuvYZVYH

VIV
3ONVSINN

‘ST '3ASYISIA
‘NOILYNINYINOD

M20iS
HSH

LvligvH

- AYISYNN

HLIv3H
NYWNH

STUH HSIH

HSIFT33HS

'dNdSIAd NIVHD dOO4

B-15




TURBIDITY

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FiISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH o
=
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS o
A A A A
TOXING .
Direct
Linkage
Indirect
Linkage
A " A A A A A , A
o £ : ;0 Q z Z
b A Y a n I 5 Z v Q ;O W Q
5 z 5 © o & o0 Q% Q a o, £ 8 ¥ O W E K
e S 3 s LT ES 8¢9 2Ly Je 2638 7
2 5 &4, 3 ,352%3 4 5% 25 o052 8 ° 2 E 3
o @ o 5 =T W O A 2 T =T F aq Z 2 = = 4 Q
sox 5 =2 o = o < = n o= o I L = w T z
2 O 2 I r Q w z . E 52 € v o Z 3
S “3 ¢¢ & fF EFHEgo g
= ~= £ O n G <
=




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES

HYDRCMOD M
PULP MILLS P
WWTP >

RES. DEV. W
COMM. DEV. P
GOLF COURSES P
IND. SITES W
IND. WW DISCH. P
IND. AIR DISCH. P
MINING >
FORESTRY OPS. p
MARINAS P
FISHING PRAC. P
SEPTIC SYSTEMS P
ROAD BLDG. W
SEAFOQD PROC.P

BOAT USAGE M
CONSTRUCTION P
WETLAND ALTERATION

AQUACULTURE

1
|
1
1
1

oBpyun
{panpuy

aboijun

feuQ

NOILONQ3Y NOILONG 3 3¥NSOT1D Q438 # SHO0g ISvasId

SOUVZYH

YoV
JINVSINN

‘SN '3sy3sIa
‘NOILYNIWNVINGD

M201S
HSi4

1viigvH

AHASHNN

HLTV3K
NVINH

ST1M HSI4

HSI31T3HS

SANOWJOH

B-17




HYDRO. IMBALANCES

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH «
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS M
A A A A A

TOXING
N WATER N

TURBIDITY . HYDRO.
) BALANGE

Direct
Linkage
Indirect
Linkage
ﬂ % A A A A A A A A A b.bk A
Ll 0l .n HH y y ©»o 9 2
2289 28,288 8 95 ¢9ywdd oy
= = pr L R R ¢ c v o u A & = =
© 3353 3 3 48 ° %6 & 8 S oG g B39 F
. ¥} = > =
wwmmpwsmw.wmwhnonmwowumﬁw
P B 2354830653835 222 28 cE0 0
2 © = T Z r O uw =2 . y = X Q2 oz 59 5
< 3 C&IDD x BTR&BMDW
= Q z z O Lo 7 o Z <
ta
=z




AUTOMOBILES

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS

S R

HYDRO.
BALANCE

TURBIDITY

Direct

Linkage

Indirect

Linkage

SP”PPPP)PPPPPPPPPP}PPPP
i L ., W I T : ; v Q =
nuLDmDB o> Woa O 0 4 MMGOEWDE
Z o > Q. ® O X
= = > W L 0 0 Voo W D ~ 7
S 35 2 3 o0 xeas5 292 2ol g 36 ¢8&-R
= & o g S < 3 © 52 2 o 225249 3
S o b & o I , 3 S E X o o w o 0 © 5 3
2 o o % V1 x 5 0 d e 3

E ©] z Z O [DUga z

z 3 = = 2 L v © <

Y 93] m

G

=

B-19




CROPLAND

FISH KiLLS NUISANCE v
N ALGAL CONTAMINATION, FiSH NURSERY HUMAN
DISEASE BLOOMS DISEASE, KILLS, STOCK HABITAT HEALTH
e & BED CLOSURE REDUCTION REDUCTION HAZARDS ”
--" a5 . =~ =

llllll llllll II ... .
- I Il‘ % ’ l \‘- lilllll|llu|. -
' . .

-
. r - B N " TLE o e - -

; -

’ E 3 )
2 - : ‘ e
TURBIDITY HYORO.

HALANCE

Fooo
CHAIN
RDISRUP.

Direct
Linkage

Indirect
Linkage

A A A A

a ” PPPPP)PPPPFPP}FPPP

Ll L) 7)) . » I I ) 2 S &
S22 8Y L:8edE 9,99 8 uw3d oy
o) - 5 = o T 2 S EIE LS
5 L2 8 2 8° 2 34 S 2 £ 4 x> O 5 3535 O
O o 5 =z ow» C.Wm.mmvnnn oo O rx -~ 3
5 x 4 X 3 o 2 o % <« 3 7 £ = I 0 X Hh I
= Y T T 7 © 38 %2455 wFTLEL og &g < g
= o 4 O o o B = r < S 9 ==
> & 2z o wg T wioboF o
z 2 7 M T

&

=




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES
HYDROMOD P
PULP MILLS P
WWTP >

RES. DEV. P
COMM. DEV. P
GOLF COURSES P
IND. SITES P
IND. WW DISCH. P
IND. AIR DISCH. P
>

»

>

MINING
FORESTRY OPS.

MARINAS
FISHING PRAC.
SEPTIC SYSTEMS p

ROAD BLDG. P
SEAFOOD PROC. P
BOAT USAGE P
CONSTRUCTION P
WETLAND ALTERATION p

AQUACULTURE M

B-

JSvisia

S HSI4

Hilvm NI
SHIXOL

SKOOT8
TvIv
JONVYSINN

‘----..

JHNSO2 Q39 #

'STUM ‘3ISV3SIC

‘NOUYNINYINOD
HSIATIIHS

NOILoNA3H
¥201S
HS14

NQILONATYH
Lv]I8vH
AYIASHNN

JONYIVE
OHGAH

SAYvZvH
HLIY 3K
NYRNH

eBpyun
{3211pU|
aboyun

ppeag




-
O @
w I
AUTOMOBILES DR x
moE
CROPLAND P 0
ANIMAL FACILITIES -
YDROM
HYDROMOD oz _<
~ =
PULP MILLS P 35 ¢ D
WWTP > ) Q m
RES. DEV. P O
COMM. DEV. M
k
GOLF COURSES W o2 § . Z
m S
IND. SITES P °HEm
om=rC
— = -
IND. WW DISCH. P SZxZ2m O
cr-oT
IND. AR DISCH. P Rz U
MINING 2 —
FORESTRY OPS. p - L
m —
eSS
MARINAS P &390 ( )
_ 227
FISHING PRAC. P> 2 >
SEPTIC SYSTEMS p -_|
A
ROAD BLDG. P -
izz O
SEAFOOD PROC.P SER
= 5 ™M
BOAT USAGE P Sl 2
=
CONSTRUCTION P £z N
-3 =
WETLAND ALTERATION p °
i
AQUACULTURE P : ‘ I
1 t~ g c
> =
' LV~
ool c. O aTZ
~ 2 =3
C o Cg o
° 2 ®
B-92




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES

HYDROMOD P

PULP MILLS
WWTP
RES. DEV.
COMM. DEV.
GOLF COURSES

IND, SITES
IND. WW DISCH.

IND. AIR DISCH.
MINING
FORESTRY OPS.

¥V Yy vy VYVYYyYVY VY

MARINAS
FISHING PRAC. P
SEPTIC SYSTEMS p
ROAD BLDG. P
SEAFOOD PROC.P

BOAT USAGE P
CONSTRUCTION W
WETLAND ALTERATION P

AQUACULTURE P

oBoyuny
oauipu)

afipyuty

peng

INIMIQES
NI SHIXOL

-
=
il
o
2
—
-

Seanana=P

NOILONQ3Y

3ISY3SIa

SWO0NY

JHNS0ID Q39 #®

NOIINA3Y

SQUvZvH

190
JONYSINN

ST ISY3ISIA
"NOILYNINYINOD

AJ01S
HS1S

lviigvH

AYISANN

H1Tv3H
NYWNH

ST1M HSI4

HSHITT3HS

STIIW d1Nd

B-9




WASTE WATER TREATMENT

SHELLFISH
:mxwxﬁw zﬂ.m»zg CONTAMINATION, FISH NURSERY HUMAN
Disease mr%ﬂm DISEASE, KILLS, STOCK HABITAT HEALTH
& BED CLOSURE REDUCTION REDUCTION HAZARDS m

Direct
Linkage

Indirect

Linkage

A A A
" SPP PFPF}PPPPPPPPPPPP
L) Lt ) .o T I ) ) £ S &
= 2 E 8 3 A ¢ g > ¢ O w g o w
0 = = o B @ L vwEgo 8 & 9 2E
o 3 5 2 s oMo g EF 5 @0 & EF¥ 90 3Rk
O O w ¥ oo . = O z x z2 & & © I 8 ° g M =
= & a % v S s £ E X = =5 2
5 5 24 X 35 W = o * < 35 §; £ = < O T 5K 7 ¢
I < I 7 ¥ O w Zz . b = T Q9 o &9 < g
2 O J = g 4 % “ = & S 8 £ o =
= g 2 Z S Cog 6 7382z ¢
% b n M_A
=




RESIDENTIAL DEVELOPMENT

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS

FOOD

CHAIN
DISRUP.

Direct
Linkage
Indirect
Linkage
“bﬂbbb A A A A A A A A A A A A AA A A
LU L Y T I : , v Q NN
2 2583 sZddweld 8 <z g 2882 ¢
O S 3 2 s o P v 5 W o F 2 E S 3
o 35 2 z & 8 T =3 8 F T oG Z O xy F
= 4 a @y = L o= B W =z 2 o > [ T T TR PR S
O o uw ¥ o T 4 28 . & 2 & g W o © x 3
e T o = g ® « 35 £ £ < 0 & L 3 g
2 © 3 T 7 *x O w z . = T L g u Z 5
= 3 o O I3 = o o v STRmmONDU
= 3 Z Z o o SB@NM
Z b v 5
o
=

B-25




COMMERCIAL DEVELOPMENT

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOGMS & BED CLOSURE ~ REDUCTION REDUCTION HAZARDS m

Direct
Linkage

Indirect

Linkage

SP”P)FP A A A A A A A A A A A AA AL
4 Ll .o I T . S S z &
oo g o 9 Cos 4 o O n 2= o © W i 9 w
Z = © > n v a r o r
o 3 = o W Li 2 v o ¥ oW o = %
8 353 2 3 230 kss @ T o 2% 5068F R
2 3 & 2 4 2 3 0Ysz o« Z ik & O 8 2 2 ¥ =3
X e 2 F Y 3 9 45 3 55 < Z 3 H e D
= S, = = Lol Q 2 v = F o X O g B o3 7
2 @ T T 7 r 9 b =2z tu s £ ¥ 9 =z >
S & R O o o a e @ 8 om 0

2 O z Z 5 L o @z 9

= S = = & [ L | ] <T

< 7 3

=




GOLF COURSES

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN

& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS

4t

NUTRIENT
CONC.

CHAIN TURBIDITY

DISRUP

TOXINS N
SEDIMENT

Direct
Linkage

Indirect

Linkage

A A “ A A A A A A A A A A A A A A A A A 4 oA
Ll L .ow Ir T ; O v L prd
5 25 2 48 S W o, OO 4 < 2 0o 2 YW o e ¥
5 Z o o O LR T R c VW 5 = =z 3
< = = o o ¥ £ 5 /F 9 < g & O o O B
Z2 35 &2 ¢ o & . = O T o zZ @ & 9 5 o - ® & 2
o & 2 2 ¥V 5 O 5 T g S R 4 Z Q = = 2 O
= o . = 5 W ] <C Z = F O < o < »n <[
> 06 2 T 3 ¥y O w oz . . L I 2 o v g )
= o =
- = = Lud i [ L=
Z & 0w ot M
=

B-27



SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS m
’ All'..l.'.
‘ =" .- ll'li'tllll.l_llllw_l - .l
] I.II .Illl
' ] z Illllll
| ] [
»
CHAIN TURBIDITY
DISRUP. BALANCE
Direct
Linkage
Indirect
Linkage
A A 4 4444440444 4444444411
5 2 5 © 3 >0 o0 d 6 9 i o, 22 8 & & 2
33 g 2se8cc288ec £ 3585 ¢
2 3 2 2 4 2 , 35 Yz zze & 95 5§ 2 & ¥ 35
e @ c 2 F VS 0O g% 3 5§ E o Z 28 = = o 3
> o 2 F D ¥ o L =z M = o 52 = v T oz
= «I I a. - = . . Ll hn = o Q =z 3
=2 DS e 5 & L T o859 &
% O = = i L) 77 O 5 <
o
=
N EE W TR S mE AR O WE AN R N Er N D GE TR o e am



INDUSTRIAL WW DISCHARGE

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, - STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS

HYDRO,
BALAHCEY

Direct
Linkage

Indirect
Linkage

A
SP”PPPPPPP A A A A A A A A A AN A A
L %) T T : , W O Z
pr S B .V.ESCW 1 s ¢ O w § O w
= Zz = © > N ;) 0. ol r 9 = = &
m 2 5 = w p 2 Y2 » o o 9 a8 « F @ D
WMMOMWDDUWDDNYMPQE_ w9 r A
T:RLYL = DWAMT&A[ < 0o F = 2 <
2 O 2 T 7 r o w =z . . = T Q coe 8§92 < g
= & O 4 = g & IS 8 3 a
=2 O NW X HPR&BODO
= & Z Z o v g O £ X
"
=

B8-29



INDUSTRIAL AIR DISCHARGE

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS m

lll!llllll'

DISRUP.

Direct
Linkage

Indirect

Linkage

A A A A4 AAdAaaa A A A A A A A A A A
o S . : & <
Lo ¥ o5 o0 N e ) 3 6 90 w88 u
= Zz = 0O o VWSESS T o A T C = K
8 S g 2SS e8oEs89° 2al Jd%F0g R
S £ . 2@ S > Z ® & 5
3 8 & ¥ o 2 4, 3973 ¢ Z& & QhH o 06 - & H 3
e & 5 3 F UV 5 © 5 3% 2 5 £ L Z < 0 4 L 2 7
5 5 2 » > F O w oz Loz e gz &2 < 3
3 o O 3 = 5 A STRAONDU
2 O z zZ S b o W ® 98z g
=




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES B
HYDROMGCD W
PULP MILLS
WWTP

RES. DEV.
COMM. DEV.
GOLF COURSES

>
’
>
>
>
IND. SITES P
IND. WW DISCH. P
IND. AIR DISCH. P
MINING
FORESTRY OPS. p
MARINAS P

FISHING PRAC. P
SEPTIC SYSTEMS p
ROAD BLDG. P
SEAFOOD PROC.P
BOAT USAGE P
CONSTRUCTION P
WETLAND ALTERATION p»

AQUACULTURE P

aBoyuly

pa1puy|

aboxury

peng

dnNHsSIa
Ni¥H2
0004

ZElLL AL ]
‘OdDOAH

3ISV3SIC

SNO0

SQvZvH NOILINJ3y NCIHLONO3Y JHNS01o 439 ¥

HLIv3H
NYWNH

oY
FDNVYSINN

ST '3S¥3sIg
"NOILVNINVINOD

MO0LS

LvllgvH
AMISYNN

STUM HSI4

HS14

HSHT13HS

ONINIW

B-31




FORESTRY OPERATIONS

SHELLFISH
:m:.wzﬁm NUISANCE CONTAMINATION, FISH NURSERY HUMAN
Disease mwww>?_rm DISEASE, KiLLS, STOCK HABITAT HEALTH
& BED CLOSURE -  REDUCTION REDUCTION HAZARDS m

DISRUP.

Direct
Linkage

Indirect
Linkage

A A A 4 A A

A A A A AAaAa A A A A A A a .

L3 Ls) W -9 T I ) ¢ S 5
2 £ £ 8 3 o W 9 0 4 S o © wWw 8 0 w
= = = > IR a o, 3 x 0 2 £
S < =2 = Z o o x ¢ g 5 © &8 % F S a2 5 % 3
> a2 g > &g ° > 5 2 9 z2 z & 9 @ w8 F
5 o & X o . = O x x zZ & & © 5 s 2 &g H 3
i~ & J F N S O 4% % £ 2 20 o9 E 53
> 0 F ¥ 2 ) 2 T =2 0 3 g 2 x4 T
2 < & 2 g O uw oz .. 4 I 9 oo g v < g
g & R S o & O E & 38 8 o 2
S g zz & gy 5 © 8z ¢

% L- 7 3

&

=




MARINAS

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS

Fooo

CHAN
QIEZRUP.

Direct

Linkage

Iindirect
Linkage

“rﬂw»b»»bbbhbbb_ A A A A A A 4 4

- 2 B 3 3 S A AR B! & 2z o2 uydo oy

o - 2 o wow ol n e v e w3 Q2 =E &

© 35 3 F 80 k55 9° <o 300 &85 < 3

el e 3y rEE E20 98 EE 3
o Z

MCMHW xr O w =z . . ﬁMHm%mms‘AA

= L5 Q- OO o STR_MBNDU

> O zZ Z S T o 5 O

O = = & LJ » O -4

<L (03] Mm

=




FISHING PRACTICES

SHELLFISH
FISH KILLS NUISANCE CONTAMINATION, FISH NURSERY HUMAN
& ALGAL DISEASE, KILLS, STOCK HABITAT HEALTH
DISEASE BLOOMS & BED CLOSURE REDUCTION REDUCTION HAZARDS u

a-ccceee,

TURBIDITY HYORO.
MBALANGES

A B

DISRUP.

TOXINS
IN WATER

Direct
Linkage

Indirect
Linkage

nbnbbbbbbbbb A A A A A A A A a4
G bl . v I . 0 8 3
- 2 £ 5 3 A & 22 s 2wty
= = - L Y v oy w g & Q = £ &
o 35 32 3 2489085838829 2adp 42 &6 2
& : n = = @
WOMWWWSMW,WRWWmmWDWUMEm
5 E ¥ 3 o2 DWAMSMMCAOMQ%M
> - 0O o [d c.uTRmmB )
O zZ z o) T a 8 z 9
=




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES B
HYDROMOD P
PULP MILLS
WWTP >
RES. DEV. P
COMM. DEV. P
GOLF COURSES P
IND. SITES P
IND. WW DISCH. b
IND. AR DISCH. P
MINING >
FORESTRY OPS. p
MARINAS P
FISHING PRAC. P
SEPTIC SYSTEMS
ROAD BLDG. W
SEAFOCD PROC.P

BOAT USAGE P
CONSTRUCTICN P
WETLAND ALTERATION

AQUACULTURE »

eBoyun

yanpu)

aboul
Qg

‘--..--.-

J¥NS01D g38

LR &

NCILINA3Y
iv1iIgvH
AYISHNN

3ISv3810

SKWO018

NOILLONG3Y

SQYvYZYH
HLTY3H
NYANH

wvav
JINVYSINN

'STHH 'ISVASIA

‘NOILYNINYLINOD

ADQLS
HSI

STUM HSIA

HSIATTIHS

SWHLSAS DILddS

B-35




FISH KILLS
&
DISEASE

>

ANIMAL FACILITIES P

AUTOMOBILES P
CROPLAND

ROAD BUILDING

SHELLFISH

NUISANCE CONTAMINATION, FISH
ALGAL DISEASE, KILLS, STOCK
BLOOMS & BED CLOSURE REOUCTION

>
>

COMM. DEV. P

>

IND. WW DISCH. P
>

- FISHING PRAC. p
SEPTIC SYSTEMS P/

HYDROMOD P
MINING

MARINAS

WwTP
RES. DEV.

PULP MILLS »
IND. SITES

GOLF COURSES P
IND. AR DISCH. P
FORESTRY OPS. p

ROAD BLDG.

NURSERY
HABITAT
REDUCTION

A A A
o
a w B
x G 2
a < F
v o
g 52
= =
O « in
o %
5 0O 8
;! 8]

WETLAND ALTERATION D

HUMAN
HEALTH
HAZARDS

AQUACULTURE P

Direct

Linkage

Indirect
Linkage

B-36



AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES P

v

HYDROMOCD
PULP MILLS
WWTP
RES. DEV.
COMM. DEV.
GOLF COURSES

IND. SITES
IND. WW DISCH.

IND. AIR DISCH.

MINING
FORESTRY OPS.

VY V¥ vyYyYVvVYyYVY YYVY Y

MARINAS

FISHING PRAC. P
SEPTIC SYSTEMS P

ROAD BLDG. W

Tremca-aeP

NQILONA3Y

SEAFOQD PROC.
BOAT USAGE P
CONSTRUCTION P
WETLAND ALTERATION

OMOAK

JINYTvE

AQUACULTURE P

oBpyui
§oa41pY)
aboyuq

18I

8-37

3Sv3sia
ST HS14

SAQOT8
TvoY
JINVYSINN

ONISSIODOdd AOO4VIS

yNse1 aag »

NOILINOIY
HO01S
HSI

vilavH
AHISHAN

SQUVZYH
HLTV3H
NYWMH




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES p

HYDROMOD P
PULP MILLS

>
WWTP >

RES DEV. W
COMM. DEV. P
GOLF COURSES P
IND. SITES P
IND. WW DISCH. P>
IND. AIR DISCH. P
MINING >
FORESTRY OPS. p
>

MARINAS
FISHING PRAC.
SEPTIC SYSTEMS p

R

NQILING3Y

ROAD BLDG. P
SEAFOOD PROC.PJ

BOAT USAGE
CONSTRUCTION P
WETIAND ALTERATION

I0NYIVA
CYOAH

AQUACULTURE P

aBoyun
PadIpy|
aBoyun

12841

‘.--.-.--

RNSOTD 38 #

JsvasIa
®

SWNOGC18
¥
JONVSINN

‘ST '35v3SI10
"NOILYNIRYLNOD

NOILONQ3Y
N204S
HSI4

1¥1IBVH
AYISINN

SUYVZYH
HLT¥3H
NYINH

ST HSH

HSI4TTIHS

JOVSN LvVO4d

B-38




AUTOMOBILES P

CROPLAND »
ANIMAL FACILITIES P
HYDROMOD P
PULP MILLS P
WWTP >

RES. DEV. WP
CCMM. DEV. P
GOLF COURSES P
IND. SITES P
IND. WW DISCH. I
IND. AIR DISCH. I
MINING >
FORESTRY OPS.
>

MARINAS
FISHING PRAC. p»
SEPTIC SYSTEMS p
ROAD BLDG. P
SEAFQOD PROC.P 4
BOAT USAGE PY
CONSTRUCTION
WETLAND ALTERATIONp

AQUACULTURE »

l— —— r‘—
_— —
2 O =2
x~ 3 )
2 @ a
w0 O (o]
o - o

peq

Seeaene-P

NOILINA3Y

3svasiq

SKWOOTH

SQuvZvH NOILONG3Y 3¥NS0T1D J39 »

Hiv3H
NYWNH

oW
FONYSINN

‘ST "ISYISIQ
‘NOILYNINVINGD

MJ0LS
HSI(4

1¥1i8vH
AYISINN

STUA HSH

HSI4T113HS

NOILDONJLSNOD

B-39




WETLAND ALTERATION

FISH KILLS NUISANCE il |
; isan CONTAMINATION, FISH NURSERY HUMAN
- JLOAL DISEASE, KILLS, STOCK HABITAT HEALTH
___ & BED CLOSURE REDUCTION REDUCTION HAZARDS M
A e* " Tt |

4 A

DISRUP.

Direct
Linkage

Indirect

Linkage

A A A

> SPPF’PP’)P A A A A A A A A A

& L T . 0 9 5
H o g o v : Lo O 4 3z ¢ 9w d o uw
5 2 5 © o > o ow 838 Loy gL /8 & Q2 E
5 3 = 2 3 a W o eI 2 oo e oy e 5
S P 9 & = & > £ 0 6 Z z % o 73 w8 K
2 3 3 g o 5 50 T ¢« Z B & 9 5 2 2 & 3
o 53 9= O O : T = RNSDO x5 O
£ ox 8 3 W = g F < 3§ T = <0 & h T 9
2 0 3z 7 3 ¥ O w Z |, . b 2T Q ga &9 < 4
2 % © F T e g 04 L Box g mODWD 3
z 3 Z Z o b t c Z =

7 3

&

=

|
— J)
SN S0 WE AN GE W G WA NE N N0 G0 BN G MR ) SN DR e




AUTOMOBILES P

CROPLAND P
ANIMAL FACILITIES

v

HYDROMOD
PULP MILLS
WWTP
RES. DEV.
COMM. DEV.
GOLF COURSES

IND. SITES
IND. WW DISCH.

IND. AIR DISCH.
MINING
FORESTRY OPS.

MARINAS

FISHING PRAC. P
SEPTIC SYSTEMS p
ROAD BLDG. W
SEAFOOD PROC.P»
BOAT USAGE P
CONSTRUCTION P>
WETLAND ALTERATION D

AQUACULTURE

¥y¥Vv¥ ¥ vy Yy vy VvyYVY YVYYVY

oBpyun

122a1pu|

L.
=]
=
a
el
©

peng

HIIYM HI
SHIXOL

ININIGas
HI SHIX0)

IoNYTvd
‘OHOAH

ISY3ISK

SHOOH

SOYVIVH NOILONG3Y NO1LONG3Y 34nse1d 038 *

HiTv3H
NYANH

IO
AINVSINN

ST ‘3ISvISIA
‘NOILYNINYINOD

HD01S
HSIA

1vligvH
AYISHUNN

STHA HSIH

HSIAT13HS

NLTNOVNOV




