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4.0 THREATS TO ESSENTIAL FISH HABITAT
4.1 Adverse Impacts of Non-Fishing Activities on Essential Fish Habitat

The waters and substrate that comprise essential fish habitat (EFH) as defined by the
Magnuson- Stevens Fishery Conservation and Management Act (MSFCMA), and under
jurisdiction of the South Atlantic Fishery Management Council (SAFMC), are diverse, widely
distributed, and closely affiliated with other aquatic and terrestrial environments.  These
characteristics make them readily susceptible to a large number of human activities.

The Essential Fish Habitat (EFH) Interim Final Rule (Federal Register 62 FR 244) defines EFH
as  “those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to
maturity.”  The following definitions apply for interpreting the definition of the EFH rule:

• Waters include aquatic areas and their physical, chemical, and biological properties that
are used by fish and invertebrates, and where appropriate may include areas historically used by
fish and invertebrates;

• Substrate includes sediment, hard bottom, structures underlying the waters, and
biological communities;

• Necessary means the habitat required to support a sustainable fishery and a healthy
ecosystem; and

• Spawning, breeding, feeding, or growth to maturity covers species’ full life cycle.

Fish habitat is the geographic area where the species occurs at any time during its life.
This area can be described by ecological characteristics, location, and time.  EFH includes waters
and substrate that focus distribution; e.g., coral reefs, marshes, or submerged aquatic vegetation
(SAV), and other characteristics that are less distinct such as turbidity zones, water quality, and
salinity gradients.  Habitat use may change or shift over time due to climatic change, human
activities and impacts, and/or other factors such as change with life history stage, species
abundance, competition from other species, and environmental variability in time and space.
The type of habitat available, its attributes, and its functions are important to species
productivity, diversity, health, and survival.

Convention for Threats Identification
The ecological requirements for managed species and biotic communities, including

identification of EFH, are addressed in this document. Threats to those habitats are described in
terms of those that generally occur landward of the shoreline (Threats to Estuarine Processes)
and those that occur oceanward of the shoreline (Threats to Offshore Processes).  Threats to
Estuarine Processes include agriculture, aquaculture, silviculture, urban/suburban development,
commercial and industrial activities, navigation, recreational boating, mining, hydrologic
modifications, and natural events and global change. Threats to Offshore Processes include
navigation; dumping; offshore sand and mineral mining; oil and gas exploration, development,
and transportation; commercial and industrial activities; and natural events and global change.  A
more comprehensive list of individual activities that may be considered as threats is provided in
Section 6.3.17.
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Every reasonable effort was made to identify the principal non-fishing and fishing-related
threats to EFH and to provide examples and information concerning the relationship between
threat-related activities and EFH.  Other information sources and examples undoubtedly exist
and related studies are underway or are in various stages of publication.  Accordingly, the
following discussion is a starting point for the identification of threats to EFH.  While it meets
the strict time limitations imposed by the MSFMA, regular updating is required to ensure
comprehensive and current coverage of the topic addressed.

4.1.1 Estuarine Processes 
Many species of the south Atlantic region are dependent during at least some life history

stages on near-shore waters vulnerable to impacts from land-based sources.  Especially
vulnerable are species or species groups that require estuaries or freshwater tributaries as primary
larval or post-larval habitat.  In the Southeast, these species include anadromous fish such as
striped bass, blueback herring, alewife, American shad, hickory shad, and sturgeons; and
brackish species including Atlantic menhaden, summer and southern flounder, red drum, spot,
croaker, weakfish, penaeid shrimp, blue crab and others (Epperly and Ross 1986).

Near-shore EFHs at risk from land-based impacts include submerged shellfish beds;
subtidal and intertidal mudflats and shell hash; SAV beds, including eelgrass (Zostera marina),
Cuban shoal grass (Halodule wrightii), and widgeon grass (Ruppia maritima); and emergent tidal
marshes including both saltmarshes dominated by smooth cordgrass (Spartina alterniflora) and
brackish marshes dominated by black needlerush (Juncus roemerianus).  These habitats may be
affected both by direct destruction and by degradation of water quality or other factors such as
hydrologic modification.  Elimination or degradation of wetlands not immediately adjacent to
EFH also may diminish the quality and productiveness of downstream estuaries.

The precise relationship between fishery production and habitats in undetermined.
Accordingly, the exact degree to which habitat alteration has affected fishery production is also
unknown, but is thought to be substantial.  Turner and Boesch (1987) assembled and examined
evidence of the relationship between the extent of wetland habitats and the yield of fishery
species that depend on coastal bays and estuaries.  The evidence examined show that fishery
stock losses follow wetland losses and fishery stock gains follow wetland gains.  While most of
the studies were related to shrimp production, other fisheries are likely follow this trend.

In the southeastern  U.S., the dominant sources of land-based impacts include major land-
disturbing activities such as agriculture, silviculture, and residential and commercial
development.  The following discussions characterize major threats in the coastal zone of the
Southeast, summarize ways that EFH is impacted, and characterize the current extent of such
impacts.  Impacts can occur at three scales: immediate watersheds of EFH; broader watersheds
of important estuarine nurseries; and distant or indirect impacts mediated through more
widespread movement of water and its chemical and physical make-up.

4.1.1.1 Agriculture 
Agriculture in the Southeast has undergone dramatic changes over time.  Most operations

were at one time individual and small-scale enterprises, but in recent years have transformed into
highly integrated, large-scale industries. Besides the extensive conversion of wetlands to crop
and animal production, the most dramatic change in southern agriculture is the large scale
expansion in animal production that has occurred during the last decade.  The most dramatic
increases have occurred in corporate hog operations in North Carolina. According to North
Carolina Agricultural Statistics, the 1996/1997 hog numbers (8,969,200) for the 44 coastal
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counties are more than quadruple the 1986 numbers (2,117,800) for the same area.  At the same
time, the number of hog farms has declined precipitously, by a factor of three.

Other southeastern states have not yet experienced the same increase in swine herds.
South Carolina's coastal counties, in fact, experienced a net reduction in swine herds from
374,000 head in 1986 to 194,900 head in 1996 (South Carolina Agricultural Statistics).  Georgia
had a similar decrease in the coastal plain counties, decreasing from 400,911 head in 1987 to
317,795 head in 1992 (Georgia Agricultural Statistics).  Florida numbers experienced a decline
in Atlantic watersheds from about 23,541 head in 1987 to 12,482 head in 1992 (Florida
Agricultural Statistics).  Part of the reason for the differences in hog production among the states
is the development of industrial hog-growing technologies in North Carolina, plus differences in
state regulatory programs.  South Carolina, for instance, recently adopted very stringent and
restrictive new laws governing hog-growing operations.

Poultry production, a second major agricultural animal product, has also increased
substantially in the Southeast.  Again, North Carolina leads the nation in several poultry
categories.  In 1996, 313,735,000 birds were produced in coastal North Carolina; up from 45,588
966 birds in 1986.  South Carolina coastal counties also showed a significant increase in
production over this decade: 57,834,000 birds were produced in 1986 and 140,038,000 in 1996.
The increases in the Georgia and Florida Atlantic coastal counties were much more moderate
from 1987 to 1992, with production rates of 12,907,265 to 15,438,031 birds, and 2,780,706 to
2,886,335 birds, respectively (all data from state agricultural statistics).

Patterns in cropland use also have been in flux.  In the North Carolina coastal plain,
harvested cropland has remained almost static during the past decade, at about three million
acres.  However, fertilizer use has increased from 848,927 tons in 1986 to 2,006,251 tons in 1996
(not including swine and other animal waste land application).  During the same period, South
Carolina has experienced a net decrease in harvested acreage in the coastal plain, from 1,759,162
acres to 1,589,420 acres, but a net increase in fertilizer usage of about 38 percent to 331,597
tons.   Harvested cropland along the Georgia coast is up slightly, to about 900,000 acres in 1992.
Comparable data on fertilizer usage are not yet available.  Harvested cropland in the Florida
Atlantic coastal plain is down from about 1.1 million acres in 1992 to 675,081 acres in 1996. (All
data from state agricultural statistics).

The overall pattern in crop production  is one of great intensification of use on a fairly
stable land base.  Large increases in fertilizer usage and manure-based nitrogen fluxes (from
surface and groundwater and from airborne sources) have occurred during the last decade in at
least some southeastern states, including watersheds that were already artificially enriched.

4.1.1.1.1 Potential Threats to EFH from Agriculture 
Potential threats include: conversion of wetlands to agricultural lands, or for farm

related purposes such as roads and irrigation ponds; direct and non-point source discharge of
fill, nutrients, chemicals, and surface and ground waters into streams, rivers, and estuaries;
hydrologic modification of ditches, dikes, farm ponds and other similar structures and water
control devices; damage to wetlands and submerged bottoms by livestock grazing and/or
movement; and cumulative and synergistic effects caused by association of these and other
related activities.

Certain agricultural activities present a threat to EFH in the Southeast.  The major
components of this threat include wetland conversion, nutrient over enrichment with subsequent
deoxygenation of surface waters, shading by excessive algae and plant growth, and stimulation
of toxic dinoflagellates; sedimentation; and delivery of toxicants into sensitive waters.
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Agriculture (including silviculture) accounted for 87 percent of all wetland losses observed
nationally between the mid 1950's and mid 1970's (Tiner 1984).  This loss has been estimated at
more than 458,000 acres per year between the mid 1950's and mid 1970's in the coterminous
U.S. (Tiner 1984). The most extensive loses observed in the Southeast were in Florida and North
Carolina where agricultural drainage continues to destroy large tracts of wetlands (Tiner 1984).
Current agriculture conversion statistics for the Southeast show that:

• During the mid-1970's to the mid-1980's “Florida showed a net wetland loss of 260,000
acres, mainly from the destruction of palustrine wetlands. Two-thirds of the loss of palustrine
wetlands was attributalbe to agricultural development...” (Hefner et al 1994)

• “Between the mid-1970's and mid 1980's, more than 100,000 acres of freshwater forested
wetlands in Georgia were destroyed, mostly because of conversion to land uses such as
agriculture.”  (Dahl et al 1991)

• Between 1982 and 1989, South Carolina lost 155,500 acres, of this amount agriculture
was responsible for 28 percent.  (Dahl 1997)

• In North Carolina about one-third of the wetland alteration in the coastal plain has
occurred since the 1950's.  Of this amount, agriculture was responsible for about 42 percent.
(Cashin et al 1992)

Excessively enriched waters often do not support desirable species or  populations of fish
and  invertebrates.  They also may not support food chain and other ecological assemblages
needed to sustain desirable species and populations.  When overly abundant, nutrients such as
nitrogen (ammonia) and phosphorus may degrade or eliminate EFH and its flora and fauna
through several processes.  Most problematic of  these is the process whereby dissolved oxygen
in the water is reduced by decaying plant life that prospered under nutrient rich conditions.  In
severe oxygen depletion situations fish and invertebrates may suffocate from oxygen deprivation.

Nutrient enrichment may also lead to direct toxicity when toxic organism populations
“bloom” or become excessively large -- situations that are becoming more prevalent and which
are discussed in detail in subsequent sections.  Although affected by acidity, water temperature,
and other factors, total ammonia concentrations in excess of about 2 mg/L normally exceed the
chronic exposure level for fish (Mueller and Helsel 1996).  In alkaline water at high temperature,
the criteria may be exceeded by total ammonia concentrations of less than 0.1 mg/L.  The natural
conversion of ammonia to nitrate in streams removes oxygen from water and, therefore, may also
harm fish (Mueller and Helsel 1996).  While less problematic in estuarine and marine
environments, phosphorus is a major factor in nutrient enrichment and eutrophication of
freshwater systems.  There are no minimum discharge standards for phosphorus; however, the
U.S. EPA recommends that phosphates should not exceed 0.05 mg/L when discharged into
streams entering lakes and reservoirs (Muller and Helsel 1996).  Since freshwater systems may
be used directly by anadromous fish, and they may also discharge into coastal waters, the quality
of these waters has considerable bearing on many commercially and recreationally important
aquatic resources and their habitats, including EFH.

In extreme situations living resources may be temporally or permanently displaced due to
shifts in the aquatic food web, or by the physical presence of certain plant life.  Excessive plant
growth may also impede requisite functions (e.g., photosynthesis) of desirable plant life, hence
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EFH, as in the case of SAV where leaves may become covered with dense growths of algae,
diatoms, and other biota such as bacteria and fungi.

Agriculture is believed to be the single largest contributor of nutrients into southeastern
watersheds.  In the Tar-Pamlico Estuary Basin in North Carolina, agriculture is responsible for
approximately 45 percent of total nitrogen loading to the estuary, and 55 percent of phosphorus
loading (NCDEHNR 1997a).  An additional 33 percent of nitrogen and 17 percent of phosphorus
comes from atmospheric sources that include, but is not limited to agriculture (NCDEHNR 1994,
1997a).  In the adjacent Neuse River Basin, 54 percent of nitrogen is estimated to arise from
agricultural sources (NCDEHNR 1993, 1997b).  These two tributaries discharge into Pamlico
Sound, the nation's second largest estuary, and the largest in the Southeast.

Animal production is a threat to southeastern estuarine nutrient balances.  The current
usual management practice for manure from swine and other confined domestic mammals is
storage and treatment in anaerobic lagoons followed by land application.  This process relies on
volatilization of nitrogen to account for roughly 80 percent of the total produced nitrogen, with
concomitant downwind delivery in a zone of influence of roughly 100 kilometers (Rudek 1997).
Airborne deposition of nitrogen into coastal waters in the region has been verified from field data
to be a major source of enrichment in a number of southeastern estuaries.  The most complete
work at this time is focused on the Neuse River Estuary in North Carolina, where primary
production was boosted two to three times by atmospheric deposition at ambient levels (Paerl et
al 1995a, 1995b).  Actual plant uptake by crops on land-application fields accounts for no more
than 10 percent of nitrogen use.  Surplus nitrogen is delivered to shallow groundwater systems
which, in turn, feed warm-season surface flows into adjacent streams and rivers.  Thus, the vast
majority of this material is redeposited on land and in surface waters.

Studies by  Barker 1997 and Barker and Zublena 1995 also show that many North
Carolina coastal counties are receiving swine-based nitrogen and/or phosphorus at levels in
excess of total crop-plant growth needs. This analysis actually underestimates the problem,
because it considers only direct land-applied nutrients and ignores swine-based atmospheric
deposition in these counties.  A report compiled for Senator Tom Harkin (D-IA) analyzed
manure production patterns nationally by county and found zones of very high production in
coastal North Carolina and in individual counties in the other three southeastern states.  That
document also reports excessive production above crop growth needs in many areas (Minority
Staff 1997).

A recent estimate of agricultural emissions of ammonia from the North Carolina coastal
plain is about 200.3 million pounds of nitrogen from animal waste, and 15 million pounds of
nitrogen from fertilizers.  Hogs alone contribute about 135 million pounds of nitrogen emissions
in coastal North Carolina; larger than the entire National Atmospheric Deposition Program
estimate of airborne deposition from all sources in the North Carolina coastal plain (Rudek
1997).

In response to nutrient enrichment problems and public concern, the North Carolina
General Assembly has moved to impose a two-year moratorium on the development of new or
enhanced hog farms, pending the replacement of current anaerobic lagoon technology with a
more acceptable alternative.

High nutrient loadings also have been documented in other southeastern  river basins and
estuaries.  Among seven river basins in Florida and Georgia examined recently by the U.S.
Geological Survey, two in Georgia (the Altamaha and the Satilla) were found to be very high in
nitrogen inputs at 5,470 (kg/yr)/km2 and 5,430 (kg/yr)/km2, respectively.  Animal waste was the
dominant source of nitrogen loading in both basins.  Fertilizer was the biggest source in the St.
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Johns River Basin in Florida, and the Ogeechee Basin in Georgia.  The most dominant sources of
nutrient loading are non-point-source in origin, and predominantly agricultural (USGS 1997).

The National Water Quality Assessment Program is also examining the Santee Basin and
nearby coastal drainages in South Carolina.  Data from 1994 covering 24,868 square miles in
South and North Carolina are being considered for this analysis.  Although definitive information
is not yet available, nutrient pollution of lakes and the rivers themselves has been identified as a
major water quality issue for the program (USGS 1994).  The first reports from this program are
now available and include an annotated bibliography of water quality databases and recent
publications on the water quality of the region (Abrahamsen et al 1997).

Impacts of sediment from non-point-sources including agriculture and silviculture remain
at the top of the water pollution list nationally (USEPA 1990) and in the southeastern states
(NCDEHNR 1996b).  While sediment-based impacts are typically considered to be most acute in
freshwater systems, sediment pollution can also threaten EFH.  Because sedimentation is a
natural process in most aquatic systems it is generally not problematic except where deposition
rates vastly exceed ambient conditions.  In these situations, benthic animals and plants and
demersal fishes that are unable to adjust or relocate may be buried or undergo disruption in
growth and reproduction.  Lethal and non-lethal effects of turbidity include ingestion of non-food
particles by shellfish and polychaete worms, clogging of pores and gills, erosion of gills and
other apparatuses such as fins, tentacles, and cilia that may be used for locomotion and feeding,
burial of eggs and juveniles, and burial of substrates that may be needed for cover, attachment,
and reproduction.  In areas that support SAV, primary production levels  may be reduced where
light penetration is limited by increased turbidity.

While generally less important as a potential threat to EFH in the south Atlantic region,
sediment deprivation may be locally troublesome since  subsidence and erosion of wetlands and
other habitats may result.  Impounded coastal wetlands used for rice culture and other
agricultural crop production in North Carolina, South Carolina, and Georgia are notable since
large areas have been permanently altered even though tidal flow has been restored in many
cases.  In the Altamaha River Estuary in Georgia vast areas of freshwater and brackish tidal
forested wetlands have been converted to emergent wetlands following construction of dikes and
ditches that interrupted both deposition of alluvial materials and other processes.

Sediment pollution from agriculture is widespread in the coastal zone of the southeastern
states.  For example, North Carolina's "303d list," the listing of degraded water bodies required
to be compiled by the Clean Water Act, contains an array of coastal streams degraded at least in
part by agricultural sediment pollution.  These include tributaries of the Northeast Cape Fear
River and Black River; Potecasi Creek (Chowan River); Trent River (Neuse Basin); Little River
(Pasquotank Basin); Tranter's, Grindle, Conetoe and Town creeks (Tar-Pamlico Basin); and
Newport River (NCDEHNR 1996a).

Pathogens from agricultural sources also threaten EFH, especially shellfish waters.  The
biggest single threat is probably poorly managed animal waste.  A secondary source is land-
disturbing activity related to putting new land into agricultural production.  This may result in
additional delivery of fecal-coliform bacteria in quantities of potential concern.

The most dramatic cases of contamination of EFH from agricultural sources include spills
of animal waste into coastal watersheds.  North Carolina has suffered a number of recent spills,
including many in the summer of 1995.  A large swine lagoon rupture in 1995 spilled about 25
million gallons of waste into the New River Estuary causing severe anoxia, stimulating toxic
algal blooms, and elevating fecal bacteria concentrations in both the receiving waters and
sediments.  Effects of this event persisted for over 61 days (Burkholder et al 1997).  Similar ,but
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smaller, events were documented into tributaries of the Cape Fear River Estuary, North Carolina,
from both swine and poultry sources.  Impacts included large nutrient delivery, algal blooms, and
contamination with huge loads of fecal bacteria; including pathogenic Clostridium perfringens
(Mallin et al 1997).   This study documented 30 animal waste spills in North Carolina in 1995
and 1996.

Bacteria from other agricultural sources also may contribute to contamination of shellfish
waters.  As wetland landscapes are developed for agriculture, offsite water delivery is enhanced
(Skaggs et al 1980).  Many scientists believe that this hydrologic effect may contribute to
elevated fecal coliform counts in receiving waters.  This is suggested by preliminary studies in
Otter Creek, Broad Creek, and the South River, North Carolina (J. Sauber personal
communication).

The variation in the scope and composition of agricultural non-point-source discharges
and in the receiving waters creates an almost endless range of possible effects on aquatic
resources, including EFH.   Exposure of estuarine finfish and shellfish to toxic levels of
insecticides, herbicides, and fungicides may occur, resulting in significant declines in
populations Scott (1997).  Sublethal effects also are evident.  For example, many compounds
released by agricultural operations may  adversely affect hormones such as estrogen and
androgen that are linked to immune suppression (Scott 1997).  These compounds usually do not
kill the animal immediately, but reduce its life span and often its ability to reproduce.

Agricultural compounds that have been identified as having properties damaging to
aquatic organisms include the commonly used herbicides aldicarb and atrazine and others such
as, endosulfan, chlorpyrifos, and trace metals such as copper and mercury.

The enormous variation in the scope and composition of agricultural nonpoint source
discharges and in the environmental nature of the receiving waters creates an almost endless
range of possible effects on aquatic resources, including EFH.  As noted in Scott (1997):

“Agricultural nonpoint source (NPS)  runoff may result in significant discharges of
pesticides, suspended sediments and fertilizers into estuarine habitats adjacent to
agricultural areas or downstream from agricultural watersheds.  Exposure of estuarine
finfish and shellfish to toxic levels of insecticides, herbicides, and fungicides may occur,
resulting in significant declines in field populations.  Development of new management
techniques such as Integrated Pest Management (IPMs), Best Management Practices
(BMPs), and Retention Ponds (RP) are risk management tools which have been used to
reduce contaminant risk from agricultural NPS runoff.”

In association with Scott’s (1997) observations, the National Ocean Service (NOS),
Charleston Laboratory examined effects of NPS agricultural runoff on living marine resources in
an attempt to define impacts on fishery resources and to develop risk reduction strategies to
minimize/mitigate impacts.  Investigations involving coastal estuarine ecosystems in South
Carolina examined several sites used for vegetable farming (e.g. tomatoes, cucumbers and snap
beans), where varied levels of risk reduction strategies were employed.  The studies used grass
shrimp (Palaemonetes pugio) and the mummichog (Fundulus heteroclitus) as well as other
macropelagic populations.  These two species represent more than 85% of the total macrofaunal
(>15mm) densities in small tidal creek nursery grounds in South Carolina and they are important
due to their role  in estuarine food webs.  The studies demonstrated that pesticide exposure
caused fish and invertebrate abundance reductions and mortality. Comparison of field results
with laboratory toxicity tests clearly established that implementation of an integrated risk
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reduction strategy can significantly reduce NPS agricultural pesticide runoff.  At intensively
managed (IPM, BMPs, and RP) agricultural sites where strict NPS control techniques were
administered, instream pesticide (azinphosmethyl, endosulfan, and fenvalerate) levels were
reduced by 89-90%. (Preceding from:  Scott 1997.)

According to Scott (1997) the commonly used herbicides aldicarb and atrazine are
potential endocrine disrupting chemicals (e.g. compounds that adversely affect hormones such as
estrogen and androgen) and are linked to immune suppression.  A 1992, Texas investigation
found atrazine at concentrations > 60 ug/L in 98% of surface water samples that were taken on
an annual basis. Laboratory toxicity tests of atrazine effects on estuarine phytoplankton revealed
that chronic, low level atrazine exposure over multiple generations lead to enhanced sensitivity
of phytoplankton and combined alachlor and atrazine exposure caused greater than simple
additive toxicity in phytoplankton. (Scott 1997.)

The chronic effects of agriculture derived non-point source discharge have been
extensively studied in Florida where impacts are occurring on a large scale basis.  Essentially all
of Florida Bay has undergone significant and undesirable biological, chemical, and physical
change due to large scale agricultural practices, including hydrologic modification, in the
Everglades.  While these changes are occurring primarily in waters that lie outside of SAFMC
jurisdiction, they are notable because of their size, magnitude, and complexity.  Two basic
lessons from the Everglades/Florida Bay situation also have application in watersheds found
along the south Atlantic.  They are: (1) the chronic environmental and ecological effects of
regional agricultural practices may be extremely large and devastating and (2) the financial costs
associated with analyzing and remedying these effects are likely to be enormous and possibly
ineffective.

The factors associated with EFH degradation by agricultural related hypoxia are only
poorly understood, but are of concern.  Thus far, the extensive hypoxic zones and conditions
observed in the Gulf of Mexico have not occurred the south Atlantic region.  Exceptions include
relatively small, yet harmful, localized events in portions of North Carolina and South Carolina.
In this region, North Carolina’s estuarine waters are particularly vulnerable due to their shallow
depths, poor flushing characteristics, and the abundance of hog farms found in the coastal zone.
Although the most conspicuous effect of hypoxia is the mortality of larger fish and possibly
invertebrates, even greater harm may be occurring with sensitive larval and juvenile forms since
they are most vulnerable to oxygen depletion and other forms of environmental perturbation.

4.1.1.2 Aquaculture 
The U.S. is not a major competitor in the global aquaculture marketplace and ranks ninth

worldwide (1993 figures) in the value of its aquaculture products (1996 DNAP).  About $1.5
billion in farm-raised seafood is imported annually, including virtually all Atlantic salmon and
more than half of the shrimp.  Estimates indicate that the U.S. supplies only 5.9 percent of its
actual seafood needs (1996 Draft National Aquaculture Development Plan. Unpublished
document prepared by the National Science and Technology Council).  Considering the
substantial economic incentive to increase U.S. aquaculture production and gradual elimination
of technological barriers involving production and disease control, expanded aquaculture efforts
can be expected in the southeast and the nation.

4.1.1.2.1 Potential Threats to EFH from Aquaculture
Potential threats include: dredging and filling of wetlands and other coastal habitats and

other modification of wetlands, submerged bottoms, and waters through introduction of pens,
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nets, and other containment and production devices; introduction of waste products and toxic
chemicals; and introduction of exotic organisms.

Existing aquaculture activities along the south Atlantic seaboard are limited almost
exclusively to rearing subadult fish and invertebrates in enclosures such as pens or
impoundments that are located either on high ground or in aquatic systems.  Other techniques
such as rearing in floating pens in open waters have been proposed in other regions of the
country, however, we are currently unaware of any large scale proposals of this type within the
south Atlantic coastal zone.

Mechanical enclosures can cause localized disturbance of benthic environments.  This
includes burial or occupation of the area used by epifauna and infauna, and disturbance of this
zone by production and harvest related activities.  In South Carolina, where grow out of juvenile
clams is conducted on a moderately large scale, the pens that are used (essentially crab exclusion
devices) occupy a substantial area of intertidal bottom.  Although the extent of this activity is
such that large-scale elimination or damage to estuarine bottoms has not occurred, the situation
may eventually need closer inspection and adjustment.  Presently, most related complaints are
minor and deal with the loss of natural aesthetics and interference with recreational boating.  No
EFH related concerns have been documented as of this writing.  In its review of permit
applications involving placement of structures and nets, the NMFS routinely recommends that
these structures be removed immediately following resource harvest or use.

Coastal impoundments are used for production of shrimp, crayfish, red drum, and talapia
in several southeastern states.  In most instances, this involves use of existing impoundments,
however, some of these have been modified to attain better enclosure and to better accommodate
water control.  From a physical or structural perspective the use of existing impoundments is not
problematic in terms of filling or directly eliminating aquatic habitat, except where repairs or
modifications are needed.  Modifications usually involve excavation and/or filling of wetlands
and submerged bottoms.  Impoundments are most detrimental when they physically isolate
productive habitats and preclude use by native species, or when they interfere with natural
processes needed for water quality maintenance.  According to Dr. Charles Wenner of the South
Carolina Department of Natural Resources (personal communication), extremely low dissolved
oxygen levels and fish kills frequently occur in impounded wetlands where tidal and wind
circulation are severely limited and the enclosed waters are subjected to solar heating.

Aquaculture related impacts that adversely affect the chemical and biological nature of
coastal systems may include the introduction of excessive waste products, exotic organisms, and
toxic substances.  (As previously noted, significant and adverse chemical and biological change
is also possible with the construction and operation of coastal impoundments.)

Problems resulting from the introduction of food and fecal wastes from aquaculture
operations may be similar to certain agricultural activities (see Section 4.1.1.1).  Important
distinctions exist, however, principally with regard to the level of magnitude between discharges
associated with each entity.  While agricultural operations have been shown to have large
regional effects, those associated with aquaculture operations are, for the time being, likely to be
less of a problem and most prevalent when pond or other enclosures are drained or flushed.  In
these situations Engle (personal communication) reports that entire tidal creek systems may turn
bright green for a period of time depending upon the flushing rate.  Except as noted below,
greater nutrient input and localized eutrophic conditions are currently the most probable
environmental effect of aquaculture activities in the southeast.  In association with this, it is
important to note that shellfish harvest closure may occur where coliform bacteria levels exceed
state standards.
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The introduction of exotic organisms through aquaculture activities is an extremely
serious matter.  Many of Florida’s aquatic systems are undergoing ecological change as a result
of numerous introductions, in connection with the aquarium and other trades, of freshwater fish
and aquatic plants.  Although similar results are possible in connection with the marine
environment, such changes have been less common.  South Carolina officials and shrimpers have
been concerned over occurrence of a highly contagious and lethal virus that has been found in
imported shrimp that were being grown in coastal impoundments.  Concern also has been raised
over the open-water capture of blue shrimp (Penaeus stylorostris) which is a Pacific species
grown in coastal impoundments.  Fortunately, there is no evidence to suggest that the blue
shrimp is reproducing in South Carolina coastal waters.

4.1.1.3 Silviculture 
Forested wetlands are the most abundant wetland type along the eastern seaboard.  They

include such diverse types as black spruce bogs, cedar swamps, red maple swamps, and
bottomland hardwood forests (Tiner 1984).  Scrub/shrub and forested wetlands account for over
59.4 million acres within coastal counties from North Carolina to Florida (Field et al 1991).
These wetlands also have been the most affected by forestry practices and, to a lesser degree,
development.  At a national level, from the mid 1950's to the mid 1970's, about 440,000
acres/year of palustrine wetlands (including forested wetlands) were lost (Tiner 1984).  About 87
percent of this loss is accounted for by agricultural development; including silviculture (Tiner
1984).  Trends in the Southeast follow the national trend with North Carolina and Florida
registering the most extensive wetland losses (Tiner 1984).

4.1.1.3.1 Potential Threats to EFH from Silvaculture
Potential threats include: conversion of wetlands to silviculture production sties or for

tree removal and other silviculture related purposes such as roads and irrigation ponds; direct
and/or non-point-source discharge of fill, nutrients, chemicals, and surface and ground waters
into streams, rivers and estuaries; hydrological modification to include ditches, dikes, irrigation
ponds and other similar structures and water control devices; damage to wetlands and
submerged bottoms by timber harvest activities; and cumulative and synergistic effects caused by
association of these and other silviculture and non-silviculture related activities.

Silviculture presents a significant threat to EFH largely due to the concentration of this
activity in landscape positions near certain EFH, especially anadromous fish spawning and
nursery areas and brackish primary and secondary nursery areas.  Although silviculture typically
is a less intensive land use activity than agriculture or urban development (Hughes 1996), the
periodic intense disturbances associated with harvest, the installation and maintenance of dense
drainage systems in wetlands and former wetlands, changes in vegetation, and the use of nutrient
supplements and toxicants can significantly and adversely affect surface waters, EFH, and their
associated biota.

The most important fundamental change with installation of intensive silviculture,
pertains to the water management system.  Dense drainage systems allow the removal of
significant amounts of water from hydric soil sites,  intercept rain, and dewater stored
groundwater.  The effect on the wetlands can be serious if water tables are lowered such that
hydric soils loose their water content.  Organic constituents of hydric soils can then be oxidized,
causing soil subsidence and liberation of previously bonded metals and nutrients.  Clearing
vegetation from wetland soils may also divert surface water into runoff pathways to the extent
that both annual average runoff and event-related peak flows are exacerbated (Daniel 1981,



4.0 Threats to Essential Fish Habitat

298

McCarthy and Skaggs 1992).  This runoff is a threat because it can change salinity regimes in
receiving brackish water systems and it carries excess nutrients and other potential pollutants
into sensitive waters and EFH (Pate and Jones 1980).

The sensitivity of EFH to water balance perturbations is variable and poorly understood.
Although some important species are highly sensitive to excessive salinity changes at young age
classes (e.g., brown shrimp; Hunt et al 1980), relatively little is known about the overall
implications of flow modification from drained silvicultural areas.   Limited studies on pumped
drainage water in North Carolina showed minor impact to juvenile and adult spot and Atlantic
croaker in response to pumping (Broad Creek Study Report).  Effects on spring post-larval
settlement periods for brown shrimp remain speculative since the effects of rainfall during
pumping have not been determined.

In the Altamaha drainage in Georgia, water balance disturbance is thought to be a key
factor in declining catch per unit effort of blue crab and shrimp (J. Holland personal
communication) and an in-depth hydrological investigation of that area has been proposed.
Livingston et al (1997) showed that reductions in freshwater inflow to the Appalachicola River
Estuary in Florida led to initial turbidity reductions and increased primary productivity.  Over
time productivity reductions and major food web shifts were observed, probably in response to
decreased nutrient delivery.  As reported by Livingston et al (1997) food web shifts remained
minor so long as river flow did not greatly exceed natural limits.  There is a concern that
southeastern watersheds would respond in a similar manner.

Silviculture also has the potential to significantly affect nutrient delivery patterns into
EFH, both through soil amendments with nitrogen and phosphorus and through changes in
nutrient processing and delivery systems.  Modification of  these delivery patterns can be a threat
to EFH.  Typical forestry operations in the Southeast add limited nitrogen and phosphorus during
the growing cycle (Amatya et al 1996).  In addition, typical wetland soils are effective at
removing incident nitrogen through nitrification and denitrification pathways.  Wetlands are
important sinks for atmospherically derived nitrogen.  As such, riparian and isolated wetlands
may buffer EFH from vehicle and animal waste-derived nitrogen enrichment.  Drainage
networks effectively short-circuit this buffering capacity by reducing retention periods and
denitrification opportunities (Whigham et al 1988, EDF and WWF 1992) .

The huge areas involved and their proximity to sensitive estuaries makes forestry a major
player in nutrient enrichment.  For instance, in North Carolina's Neuse River Estuary, forests
account for 17 percent of total nitrogen delivery (NCDEHNR 1993).  The adjacent Pamlico
Basin reflects a forestry contribution for nitrogen of about 10 percent (NCDEHNR 1994).

Sediment yields from silviculture in the coastal zone are not considered a substantial
threat to EFH.  Sedimentation is typically lower than Piedmont or mountain sites as a result of
lower terrestrial slopes and enhanced opportunity for deposition in the slower moving receiving
waters, including canal systems.

Information is poor on forestry contributions to fecal coliform contamination in the
Southeast.  Initial studies have found relationships between elevated runoff rates after clear
cutting and fecal coliform delivery, but other factors were also at work (J. Sauber personal
communication).

Non-nutrient pollution from silviculture is also of concern, though poorly documented.  A
number of studies have shown release of mercury and other metals from peat soils subjected to
intensive drainage (Evans et al 1984, Gregory et al 1984).  Elevated mercury concentrations also
have been found in organic sediments in riparian coastal watersheds (Otte et al 1987).  In North
Carolina, fish from the Waccamaw Basin show elevated mercury levels (NCDEHNR 1996b) and
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metal levels in sediments are elevated throughout the Albemarle-Pamlico Region due to a variety
of sources (Riggs et al 1991).  Although not directly related to silviculture,  real estate ventures
by timber companies have converted large areas of forest land to residential property.  This has
resulted in much faster rates of surface water runoff and discharge of waters that contain higher
concentrations of pesticides and fertilizers.  In coastal areas and in inland locations bordering
rivers and streams, property values may be greatly increased and the conversion of forest land to
residential and commercial property is proceeding at a rapid rate.

4.1.1.4 Urban/Suburban Development 
The coastal region of the southeast is a highly sought after place to live.  With its

extensive and accessible coastline and  mild winter climate the southeast coastal zone is one of
the nation’s fastest growing regions.  The regional growth rate here  is more than four times the
national average  (Chambers 1992) and between 1980 and 2010 the south Atlantic coastal
population  is expected to increase by as much as 73 percent (Chambers 1992).

As the population increases so does urbanization.  People require homes and related
infrastructure such as roads, schools, water and sewer facilities, power transmission lines, etc.
These needs often are met at the expense of EFH since residential growth has led to large scale
modification of wetlands and other irreplaceable environments.  Tiner (1984) estimates that
about 8 percent of the national rate of wetland losses that occurred from the mid 1950's to the
mid 1970's resulted from urban development.

Chemicals produced and used by people also find their way into the waters as point-
source and non-point-source runoff.  Examples include oil from roads and parking lots, and
pesticides, herbicides, and fertilizers from golf courses and residential lawns etc. This has
lowered water quality in waters and wetlands adjacent to urban developments.  As a result, the
quality of EFH is often much reduced and thousands of acres of shellfish waters are closed.  The
South Carolina Department of Natural Resources’ (SCDNR) Tidal Creek Project (TCP) provides
insight into the effects of urbanization and suburban development on South Carolina tidal creeks
(Holland et al 1996).  This study has implications for other states as well. The study is examining
developmental effects on salinity, dissolved oxygen (DO), and pollution in tidal creeks having
trophic, shelter, and nursery functions required by commercially, recreationally, and ecologically
important fish and invertebrates.  The study reveals the complexity of the environmental and
ecological factors involved and shows correlations between development; changes in tidal creek
chemical, physical, and biological characteristics; and alteration of species distribution,
composition, and abundance.

The TCP identifies salinity as a major factor in controlling the distribution and abundance
of living marine resources (Holland et al 1996).  In watersheds having the greatest areas of roofs,
roads, and parking lots it was found that recruitment and colonization by benthic fauna in these
areas was less predictable than in more stable environments.  TCP confirms that suitable DO
concentrations are essential for maintaining balanced indigenous populations of fish, shellfish,
and other aquatic biota in tidal creeks and that pollution- related decreases in DO may pose the
greatest threat to the environmental quality of estuaries (Holland et al 1996).  With respect to
contaminants, bioassays of sediments taken in connection with the TCP study indicate that
potentially toxic conditions for living marine resources may occur in the upper reaches of  tidal
creeks in developed watersheds.  Polyaromatic hydrocarbons in sediments were highest where
surface runoff from roads was discharged into tidal creeks and sediment bound pesticides were
more prevalent in the marsh and near houses (Holland et al 1996).



4.0 Threats to Essential Fish Habitat

300

As the linkage between urban and suburban development and declining fish abundance
and health or quality is reenforced, the implications of anticipated population growth in coastal
areas become even greater. This situation is especially critical in the Southeast where
recreationally and commercially important species are almost totally dependent on estuaries for
their survival and for about $5.5 billion in annual commercial fishery benefits (Chambers 1990).

4.1.1.4.1 Potential Threats to EFH from Urban/Suburban Development
Potential threats: conversion of wetlands to sites for residential and related purposes

such as roads, bridges, parking lots, commercial facilities, reservoirs, hydropower generation
facilities, and utility corridors; direct and/or non-point-source discharge of fill, nutrients,
chemicals, cooling water, and surface waters into ground water, streams, rivers and estuaries;
hydrological modification to include ditches, dikes, flood control and other similar structures;
damage to wetlands and submerged bottoms; and cumulative and synergistic effects caused by
association of these and other developmental and  non-developmental related activities.

Wetlands and other important coastal habitats continue to be adversely and irreversibly
altered for urban and suburban development.  (Note: certain related activities such as navigation
are discussed in later sections).  Of major concern is the piecemeal elimination of wetlands by
filling for houses, roads, septic tank systems, etc.  Wetland filling can directly eliminate or
diminish the functional value of EFH and associated areas and resources.  While the total area of
wetlands affected by development is unknown, the rate of conversion was once estimated at 8
percent of the national average loss of 458,000 acres or 36,640 acres per year (Tiner 1984).
Requests to alter coastal areas remain high and between 1981 and 1996, in the southeast the
NMFS reviewed more than 23,871 proposals requesting to alter wetlands for housing, shoreline
structures, docks, roadways, and other related activities.  A survey of 5,622 of these proposals
involved 19,729 acres of wetlands (see Tables 26, 27, 28, & 29).

Another major threat posed by urban and suburban development is that of non-point-
source discharges of the chemicals used in day to day activities, in operating and maintaining
homes, roads, vehicles, etc.  In addition to chemical input, changes that affect the volume, rate,
location, frequency, and duration of surface water runoff into coastal rivers and tidal waters are
likely to be determinants in the distribution, species composition, abundance, and health of
southeastern fishery resources and their habitat.

Results of various studies in the South Atlantic Bight indicate that chemical contaminants
from industrial, urban/suburban, and agricultural sources may cause impacts in estuarine
ecosystems. Highest contaminant concentrations and greatest impacts were observed in the
headwaters of small tidal creeks which are the true nursery grounds for fish, crustacean and
mollusc.  Protection and management of non-point-source runoff loading into these watersheds is
essential in protecting habitat quality (Scott et al 1997).  In the long-term, impacts of  chemical
pollution (e.g., petroleum hydrocarbons, halogenated hydrocarbons, metals, etc.) are likely to
adversely impact fish (Schaaf et al 1987).  Despite current pollution control measures and stricter
environmental laws, toxic organic and inorganic chemicals continue to be introduced into marine
and estuarine environments.

Results of the previously mentioned TCP investigation confirm that suitable DO
concentrations are essential for maintaining balanced indigenous populations of fish, shellfish,
and other aquatic biota in tidal creeks and that pollution related decreases in DO may pose the
greatest threat to the environmental quality of estuaries.”  The study found that:
• DO in tidal creeks fluctuated with phases of the moon, time of day, and tidal stage.
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• DO in tidal creeks in developed and undeveloped watersheds often did not meet the state
water quality standard of 4mg/L.
• The most stressful DO levels occurred during early morning and at night-time low tides.
• The DO levels in tidal creeks in developed watersheds were less predictable and had
greater unexplained variance than those of undeveloped watersheds.
• Point in time DO measurements in tidal creeks do not adequately represent exposure of
living resources stressful low DO levels.
• Living resources in tidal creeks in developed watersheds were more frequently exposed
to stressful low DO levels than those inhabiting tidal creeks with undeveloped watersheds.
• The factors that contribute to low DO in South Carolina tidal creeks need further study
and a DO budget for tidal creeks and associated saltmarshes is needed so that the major factors
controlling low DO conditions can be identified and addressed from a management perspective.

With respect to contaminants, bioassays of sediments taken in connection with the
TCP study indicate that potentially toxic conditions for living marine resources may occur in the
upper reaches of  tidal creeks in developed watersheds.  Polyaromatic hydrocarbons in sediments
were highest where surface runoff from roads was discharged into tidal creeks and sediment
bound pesticides were more prevalent in the marsh and near houses.

(Preceding is a summary taken from Holland et al 1996)
Finally with regard to urban/suburban development, and in particular regard to non-point

source discharges, the South Carolina Statewide Water Quality Assessment for FY 1992-1993
(SCDHEC 1994) provides an  indication of the role of non-point source discharges in one
southeastern state.  According to the Assessment:
• Non-point source (NPS) pollution is the most responsible factor for nonsupport of
classified water uses in rivers, lakes, and estuaries in the state.
• Of the 26,313 river miles assessed via water quality monitoring stations, 10,534 miles, or
40%, were determined to be partially supporting or not supporting overall use.  NPS sources of
pollution were identified as the contributing factor 33% of the time.  These NPS sources included
agriculture, pasture land, silviculture, construction, urban runoff/storm sewers, resource
extraction, and hydromodification.
• South Carolina has approximately 945 square miles of estuaries, including marshes.  The
assessment analyzed data collected from 342 square miles of estuaries.  About 30% of the
estuarine areas do not fully support overall use.  NPS pollution sources were identified as the
contributing factor 38% of the time .
• Of the 135 shellfish areas assessed, 63% were impacted by NPS, including marinas, 22%
were impacted by point sources, and 27% were unconditionally approved.  (The percentages
totaled exceed 100% due to multiple source impacts.)
• The South Carolina NPS Task Force listed the 32 highest priority water
bodies/watersheds that are targeted for implementation action.  Of these water
bodies/watersheds, 15 are located in the coastal zone.
• Sixty-two watershed units are located in the coastal zone.  Based on information from the
Statewide Assessment and from more recent Watershed Water Quality Management Strategies,
44% of these units have been impaired by NPS pollution; 39% have been impaired by unknown
sources of pollution; 24% have been impaired by point sources; 16% have been impaired by
natural or other sources; and 30% have no known impairment. [The percentages totaled exceed
100% due to multiple source impacts.  Also, based on the Statewide Assessment, 38 of the 62
watershed units (or 61%) have not been fully assessed.]
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Point source discharges related to urbanization derive mainly from municipal sewage
treatment facilities or storm water discharges that are controlled through Environmental
Protection Agency (EPA)-mandated regulations under the Clean Water Act and by state water
quality regulations.  Threats related to these discharges are probably less important than the other
factors previously discussed because efforts are underway to improve treatment.  The primary
concerns with municipal point-source discharges involve treatment levels needed to attain
acceptable nutrient inputs and overloading of treatment systems due to rapid development of the
coastal zone.  It is also important to consider that the portion of water entering estuaries from
sewage treatment plants is increasing.  In locations where treatment is poor, or water conditions
are unsuitable for adequate dilution of discharges, EFH may be adversely affected.  Of primary
concern is excessive nutrification of receiving waters, but other factors such as those associated
with non-point-source discharges also apply.

The EPA withdrew the storm water Phase II direct final rule published on April 7,1995
(60 FR 17950) and promulgated a new final rule in its place (60 FR 17958).  This action by the
EPA instituted changes to the National Pollutant Discharge Elimination System (NPDES)
stormwater permit application regulations under the Clean Water Act for Phase II dischargers.
Phase II dischargers generally include all point-source discharges of storm water from
commercial, retail, light industrial and institutional facilities and from municipal separate storm
sewer systems serving populations of less than 100,000. This rule establishes a sequential
application process in two tiers for all Phase II stormwater discharges. The first tier provides the
NPDES permitting authority flexibility to require permits for those Phase II dischargers that are
determined to be contributing to a water quality impairment or are a significant contributor of
pollutants to waters of the U.S. "Permitting authority" refers to the EPA or States and Indian
Tribes with approved NPDES programs. The EPA expects this group to be small because most
of these types of dischargers have already been included under Phase I of the storm water
program.

The second tier includes all other Phase II dischargers. This larger group will be required
to apply for permits by the end of six years, but only if the Phase II regulatory program in place
at that time requires permits. The EPA has stated that it is open to, and committed to, exploring a
number of non-permit control strategies for the Phase II program that will allow efficient and
effective targeting of real environmental problems. As part of this commitment, the EPA has
initiated a process to include stakeholders in the development of a supplemental Phase II rule
under the Federal Advisory Committee Act. This rule will be finalized by March 1, 1999 and
will determine the nature and extent of requirements, if any, that will apply to the various types
of Phase II facilities prior to the end of the six-year application period defined by the rule.

4.1.1.5 Industrial/Commercial Activities 
The southeastern U.S. is a prime location for industrial siting. The climate is favorable,

economic incentives exist, land is readily available and relatively inexpensive, an adequate labor
base exists, and the infrastructure for shipping of supplies and products is well developed.
Further, the region’s many rivers and streams provide an abundance of water needed for textile
mills, paper mills, and heavy manufacturing (e.g., steel fabricating) and other similar facilities.

In addition to a favorable setting for industrial development, commercial growth is ever
expanding.  Although less conspicious in many areas, the tourist industry also is a vital part of
the coastal economy and many of the South’s most popular vacation spots are located on or near
the coast.  With expansion of this industry, new hotels, related businesses, marinas, roads, and
other facilities are being built.  The increase in visitors and resource users is expected to
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continually grow and may diminish only when, as a result of over use and development, the
environmental quality of the area is reduced.

4.1.1.5.1 Potential Threats to EFH from Industrial/Commercial Activities
Potential threats include: conversion of wetlands to industrial and appurtenant sites such

as roads, parking, and administrative and distribution centers; point and non-point-source
discharge of fill, nutrients, chemicals, cooling water, air emissions, and surface and ground
waters into streams, rivers, estuaries and ocean waters; hydrological modification to include
ditches, dikes, water and waste lagoons; intake and discharge systems; hydropower facilities;
and cumulative and synergistic effects caused by association of these and other industrial and
non-industrial related activities.  In addition to ongoing activities, previous industrial and
commercial activities have, in many locations, led to deposition of harmful materials that are
subject to resuspension and reincorporation into aquatic food chains.

Industrial and commercial development can affect EFH in a number of ways.  Most
apparent is the conversion of wetlands and upland buffers to sites for buildings, plants, parking,
storage and shipping or materials and products, and treatment or storage of wastes or by-
products.  Because of an abundance of hard impervious surfaces associated with industrial and
commercial operations they are often major contributors of non-point-source contaminants into
aquatic environments, including those that support EFH.  Many industries; e.g., paper mills,
consume and pollute  large volumes of water including that which is needed to sustain a healthy
coastal environment.  Industries may also produce airborne emissions that contain contaminants.
These contaminants have been shown to reappear in coastal waters and EFH.  A readily
observable example is acidification of waters from atmospheric deposition of industrial
emissions and coal fired power plants.

Commercial development along the south Atlantic coast also has been extensive and
relatively few coastal areas are free of commercial development.  Past development practices
were especially detrimental and before adequate regulation it was not uncommon excavate and
fill marshes and shallow water environments for residential, commercial and industrial uses.
Such practices have been largely eliminated because most of the coast is either developed or
protected from such practices.  However, uplands are a decreasing commodity in the coastal zone
and the demand for filling wetlands and other aquatic sites is likely to persist.  Consequently,
proposals aimed at altering wetlands for commercial and other purposes will continue to require
local, state, and federal involvement if significant adverse impacts to EFH are to be effectively
controlled.

The total amount of EFH that has been eliminated or degraded by commercial and
industrial development is unknown, but it is extensive.  NMFS data show that between 1981 and
1996, 1,466 proposals were received for industrial and commercial development in wetlands that
are subject to regulatory provisions the River and Harbor Act and Section 404 of the Clean
Water Act.  In association with this, 430 proposals sought approval to alter about 3,202 acres of
EFH (see Tables 26, 27, 28, & 29).

Point-source-discharges from commercial activities may be similar to those associated
with urban and suburban development.  Accordingly, the information and discussions contained
in Section 4.1.1.3 should apply.  Pollution and water use may alter the flow, pH, hardness,
dissolved oxygen, and chemical composition other parameters that affect individuals,
populations, and communities  (Carins 1980).  Within aquatic systems industrial point-source
discharges also may alter species and population diversity, nutrient and energy transfer,
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productivity, biomass, density, stability, connectivity, and species richness and evenness both at
the point of discharge and downstream locations (Carins 1980).  Growth, visual acuity,
swimming speed, equilibrium, feeding rate, response stimuli, predation rate, photosynthetic rate,
spawning seasons, migration routes, and resistance to disease and parasites of finfish, shellfish,
and related organisms may be altered by chemical and thermal changes.  Some industries, such
as paper mills, are major water users and associated effluent can dominate and control conditions
in substantial portions of rivers and other water bodies where they are located.  Usually
parameters such as substrate, currents, dissolved oxygen, pH, nutrients, temperature, and
suspended materials are key factors affecting the distribution and abundance of EFH.  The direct
and synergistic effects of other discharge components such as heavy metals and various chemical
compounds are not well understood, but current research shows that these constituents may be of
greater importance than previously thought.  For example, more subtle factors such as endocrine
disruption in aquatic organisms and reduced ability to reproduce or compete for food are being
uncovered (Scott et al 1997).

The cumulative effect of many types of discharges on various aquatic systems also is not
well understood, but attempts to mediate their effects are reflected in various water quality
standards and programs in each state and within the various water systems. Industrial wastewater
effluent is regulated by the EPA through the NPDES permitting program.  This program
provides for issuance of waste discharge permits as a means of identifying, defining, and
controlling virtually all point-source-discharges.  The complexity and the magnitude of effort
required to administer the NPDES permit program limit overview of the program and federal
agencies.  Consequently, the NMFS and the FWS generally do not provide comments on NPDES
application notices.  For these same reasons, it is not presently possible to estimate the singular,
combined, and synergistic effects of industrial (and domestic) discharges on aquatic ecosystems.

Where chronic non-point-source discharges and accidental releases of harmful or toxic
substances mix, especially harmful effects on aquatic life and habitat, including EFH, is likely.
An added concern with industrial operations is the release of contaminants into the atmosphere.
Such materials may be transported various distances and directly and indirectly deposited into
aquatic ecosystems (Baker et al 1993).  In the southeast, surface water acidification and mercury
accumulation in sediments are of particular concern since sources of these material lie in other
regions and are not subject to local and regional (southeastern) controls.  In view of this, the
regulation of surface water contamination from atmospheric pollution should be addressed from
a local, regional, and international perspective.

4.1.1.6 Navigation 
Support for navigation in the southeast Atlantic region has resulted in widespread

modification of subtidal and intertidal areas used by commercial and recreational vessels.  This
includes the construction and maintenance of thousands of miles of waterways such as the
Atlantic Intracoastal Waterway and the myriad of other channels that lead to ports, turning
basins, and harbors of refuge.  Construction and maintenance of existing ports and
recreationally-based marinas and basins have altered substantial areas of EFH.  Dredged material
disposal and disposal of contaminated sediments is a dominant issue.  Filling of wetlands and
conversion of EFH from shallow to deep water habitats are persistent threats associated with new
facilities and the maintenance and expansion of existing facilities. Where coastal inlets are
stabilized and maintained for navigation purposes effects on nearshore environments and fish
and invertebrate populations may be substantial.
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A second major concern related to navigation is the host of environmental problems
associated with vessel operations.  These range from contamination of water by oil, grease, anti-
fouling paints, and discharges of sewage, garbage, and debris to the direct destruction of EFH by
grounding, anchor damage, propwashing, scarring, etc.  Most physical damage is accidental;
however, activities such as propwashing may be intentional.

4.1.1.6.1 Threats to EFH from Navigation
Potential threats: Navigation related threats to EFH located within estuarine waters can

be separated into two categories: Navigation support activities and vessel operations.
Navigation support activities include, but are not limited to, excavation and maintenance of
channels (includes disposal of excavated materials); construction and operation of ports,
mooring and cargo handling facilities; construction and operation of ship repair facilities; and
construction of channel stabilization structures such as jetties and revetments.  Potentially
harmful vessel operations activities include, but are not limited to: discharge or spillage of fuel,
oil, grease, paints, solvents, trash, and cargo; grounding/sinking/prop scaring in
ecologically/environmentally sensitive locations; exacerbation of shoreline erosion due to
wakes; and transfer and introduction of exotic and harmful organisms through ballast water
discharge.

4.1.1.6.1.1 Navigation Support Activities 
The most conspicuous navigation-related activity in many estuarine waters is the

construction and maintenance of navigation channels and the related disposal of dredged
materials.  The amount of subtidal and intertidal area affected by new and maintenance dredging
is unknown, but undoubtedly great.  Orlando et al (1988) analyzed 18 major east coast estuaries
from North Carolina to Florida east coast and found over 703 miles of navigation channels and
9,844 miles of shoreline modifications related to navigation works.  Between 1981 and 1986 the
NMFS received over 4,877 proposals for new navigation projects in the south Atlantic region.  A
detailed analysis showed that 1,692 of these proposals involved plans to alter 24,825 acres of
EFH through dredging and filling (Tables  26, 27, 28, & 29).

While channel excavation itself is usually visible only while the dredge or other
equipment are in the area, the need to dispose of excavated materials has left its mark in the form
of confined and unconfined disposal sites, including those that have undergone human
occupation and development.  Chronic and individually small discharges and disturbances
routinely affect water and substrate and may be significant from a cumulative or synergistic
perspective.  EFH impacts include, direct removal/burial of organisms as a result of dredging and
placement of dredged material; turbidity/siltation effects, including increased light attenuation
from turbidity; contaminant release and uptake of nutrients, metals, and organics; release of
oxygen consuming substances; noise disturbance to aquatic and terrestrial organisms; and
alteration of hydrodynamic regimes and physical habitat.

The maintenance and stabilization of coastal inlets also is a prominent navigation
activity.  Studies and reports by the COE, the NMFS, and others link jetty construction to
possible changes in plankton movement (USACE 1980, USDC 1991, Miller 1988, Miller et al
1984).  This is a major concern since significant modification of inlet hydrodynamics may
diminish the ability of sub-adult fish and invertebrates to reach estuarine nursery grounds.
Where significant reductions in recruitment (into estuarine waters) of desirable species is
realized, production declines in ecologically, recreationally, and commercially important species
may result.  The use of jetties to stabilize navigation channels at coastal inlets also has been
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linked to changes in coastal geomorphology that affects nearshore environments.  For example,
coastal geologists have expressed concern that construction of jetties at Oregon Inlet on the
North Carolina Outer Banks could cause catastrophic beach erosion and accelerate barrier island
migration (Pilkey and Dixon 1996).  Such change could adversely affect the extensive and highly
productive submerged vegetation beds which are located behind the coastal barriers.

The relocation of freshwater/saltwater transition zones due to channel deepening may, in
some cases, be responsible for significant environmental and ecological change.  As an example,
salinity shifts after channel deepening and water diversion in the lower Savannah River caused
vegetation shifts from freshwater to brackish species in surrounding wetlands.  In the lower
Savannah River, increased mortality of sub-adult striped bass also has been linked to salinity
increases caused by navigation-related modifications such as channel deepening and flow
diversion.  Modifications that increase estuarine salinities may also create more hospitable
conditions for shellfish predators such as boring sponge, oyster drill, and keyhole limpet.  In
south Florida, increased channelization by dredging and the addition of rocky structures may
have favored shifts from estuarine assemblages to reef assemblages because of comparatively
higher abundances and diversities of incoming ichthyoplankton, higher inshore salinities, and
replacement of vegetation with hard structure that favors reef species (Lindeman  1997).  Similar
situations are possible in other watersheds where dredging and dredged material disposal are
prominent features; however, little documentation of these changes is available.

The expansion ports and marinas has become an almost continuous process due to
economic growth, competition between ports, and significant increases in vessel numbers and
vessel size.  Elimination or degradation of  aquatic and upland habitats are commonplace since
port and marina expansion almost always require the use of open water, submerged bottoms, and
riparian zones.  Ancillary related activities and development often utilize even larger areas, many
of which provide water quality and other functions needed to sustain living marine resources.
Vessel repair facilities use highly toxic cleaners, paints, and lubricants that can contaminate
waters and sediments.  Modern pollution containment and abatement systems and procedures can
prevent or minimize toxic substance releases; however, constant and diligent pollution control
efforts must be implemented.  The operation of these facilities also poses an inherent threat to
EFH by adversely affecting water quality in and around these facilities. The extent of the impact
usually depends on factors such flushing characteristics, facility size, location, depth, and
configuration.  When facilities such as marinas are constructed it is common to restrict shellfish
harvest in a set or established zone that may be affected by sewage and other hazardous
materials.  It is now common practice to consider safe zones with respect to public health and
aquatic resources when siting marina and port facilities.

Major ports in the south Atlantic region include Morehead City and Wilmington in  North
Carolina; Georgetown, Charleston, and Port Royal in  South Carolina; Savannah and Brunswick
in Georgia; and Fernandina Beach, Jacksonville, Port Canaveral,  Port Everglades, Port St. Joe,
Fort Pierce, Palm Beach, and Miami in Florida.  Cargo arriving and departing through these ports
is diverse and ranges from highly toxic and hazardous chemicals and petroleum products to
relatively benign materials such as wood chips.  Major spills and other discharges of hazardous
materials are uncommon, but are of constant concern since large and significant areas of
estuarine habitat and fishery resources are at risk.  Expansion of these facilities and certain
operation and maintenance activities are likely to occur at the expense of EFH.

There have been recent positive trends in the development of beneficial uses for clean
dredged materials.  For example, the deepening of the Wilmington Harbor navigation channel in
North Carolina generated rock that is being used for creation of an offshore reef.  Similar
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activities are being investigated in connection with planned deepening of Charleston Harbor in
South Carolina.  These activities will require monitoring to evaluate their success, but if
beneficial other uses of dredged material could be developed.  On a cautionary note, conversion
of one habitat type to another may not be desirable since associated ecological trade-offs could
be harmful to desirable or managed species.  The classic example of this is the Winyah Bay,
South Carolina dredged material disposal site, where submerged and intertidal bottoms have
been converted to emergent marsh without any assessment of the ecological role of the disposal
site.

Dredging and disposal of excavated materials is a major component of all southeastern
ports and many marinas.  Dredged materials are often contaminated and extensive testing for
heavy metals and other contaminants is required.  At many locations finding suitable disposal
sites for dredged materials is also difficult and costly.  Whenever contaminated dredged
materials are placed in offshore waters, or in locations where decant is discharged into
surrounding waters there is high probability that these contaminants will reenter aquatic food
webs.  As existing upland disposal sites are filled this problem is likely to be exacerbated.
Already, direct overboard dispersal of dredged material occurs at some location such as in
reaches of the Atlantic Intracoastal Waterway in North Carolina.  In other locations such as the
Savannah River, Georgia, a technique referred to as “agitation dredging” is used.  In this case,
about 200,000 cubic yards of materials are resuspended from ship berths each year by bottom
dragging or by hydraulic excavation with direct disposal into the adjacent navigation channel.  In
addition, hydraulic bottom scour systems are presently in place in Wilmington, North Carolina,
and experimental use of these devices is planned at one facility in Savannah and at the U.S.
Navy’s Kings Bay, Georgia, Submarine Base.  The environmental impact associated with the use
of this technique is unclear, but significant use of bottom scouring devices could be problematic
since planktonic and weak swimming fish and invertebrates could be impinged or entrained in
intakes and plumbing, and turbidity and sedimentation could be exacerbated.  Of particular
concern is those aquatic environments that contain anadromous fish since planktonic and weak
swimming fish could be heavily impacted.

An additional, but more limited dredging practice is the prop dredging of bottoms, mostly
by recreational vessels, to obtain navigable depths.  This practice is generally performed without
benefit of state or federal permits and is almost always destructive.

The SAFMC is opposed to open water disposal of dredged material into aquatic systems
when adverse impacts to habitat used by fisheries under their jurisdiction is likely to be adversely
impacted.  The SAFMC urges state and federal agencies, when reviewing permits considering
open water disposal, to identify the direct and indirect impacts such projects could have on
fisheries habitat.  It is also their view that the conversion of one naturally functioning aquatic
system at the expense of creating another (marsh creation through open water disposal) must be
justified using the best available information.  Construction of piers and docks also affects EFH,
but the degree of the impact is often disputed.  Impacts are dependent on the size, location, and
number of similar structures in a given area.  Pier and dock construction involves often involves
jetting of pilings and this causes temporary and localized affects on EFH due to increased
sedimentation and habitat displacement.  Sedimentation may be a problem in systems such as
SAV that are already stressed and are declining or marginal value due to low water clarity.  The
pilings are treated and toxic chemicals are released into the waters and sediments, but this is not
perceived to be a major problem since the pilings are eventually covered with encrusting and
fouling organisms.  Perhaps the greatest threats from piers and docks are those associated with
marsh and SAV shading and the erosion, due to wave action, of substrates in the vicinity of
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support piles.  Substantial harm to SAV and benthic communities may also result from
secondary effects associated with boat use, including constant grounding due to wave and tidal
action.

The overall biological effects of piers and docks has not been well quantified.  However,
between 1981 and 1996, the NMFS reviewed requests for almost 6,000 piers and docks along the
southeast coast between North Carolina and Florida.  In areas having marginal depths and
especially where SAV is present, habitat damage in the vicinity of piers and docks may be
substantial and disproportionately large in cases where such structures are abundant (Ludwig et
al 1997).  These structures represent a substantial feature in southeastern watersheds and they
warrant continued monitoring and regulatory review.

4.1.1.6.1.2 Vessel Operations 
In connection with watercraft operation and support the USEPA (1993) has identified

several principal concerns.  These include pollutants discharged from boats; pollutants generated
from boat maintenance activities; exacerbation of existing poor water quality conditions;
pollutants transported in storm water runoff from parking lots, roofs, and other impervious
surfaces; and the physical alteration or destruction of wetlands and of shellfish and other bottom
communities during the construction of marinas, ramps, and related facilities.

Marinas and other sites where vessels are moored or operate often are plagued by
accumulation of  anti-fouling paints  in bottom sediments, by fuel spillage, and overboard
disposal of trash and wastewater.  In areas where vessels are dispersed and dilution factors are
adequate, the water quality impacts of vessel operations is likely to be offset to some degree.  In
a study of marinas in North Carolina it was found that marinas may contribute to increases in
fecal coliforms, sediment oxygen demand, and chlorophyll a, and decreases in dissolved oxygen
(NCDEHNR 1990).  In addition, boating and other activities (e.g., fish waste disposal) may
contribute to increased water temperature, bioaccumulation of pollutants by organisms, water
contamination, sediment contamination, resuspension of sediments, loss of SAV and estuarine
vegetation, changes in sediment composition loss of benthic organisms, changes in circulation
patterns, shoaling, and shoreline erosion.  Pollutants associated with marinas include nutrients,
metals, petroleum hydrocarbons, pathogens, and polychlorinated biphenyls (USEPA 1993).

Marina personnel and boat owners use a variety of boat cleaners, such as teak cleaners,
fiberglass polish, and detergents and cleaning boats over the water, or on adjacent upland, creates
a high probability that some cleaners and other chemicals will enter the water (USEPA 1993).
Copper-based antifouling paint is released into marina waters when boat bottoms are cleaned in
the water (USEPA 1993).  Tributyl-tin, which is a major environmental hazard, has been largely
banned except for use on military vessels.  Fuel and oil are often released into waters during
fueling operations and through bilge pumping.  Oil and grease are commonly found in bilge
water, especially in vessels with inboard engines, and these products may be discharged during
vessel pump out (USEPA 1993).

One of the more conspicuous byproducts of commercial and recreational boating
activities in coastal environments is the discharge of marine debris, trash, and organic wastes into
coastal waters, beaches, intertidal flats, and vegetated wetlands.  The debris ranges in size from
microscopic plastic particles (Carpenter et al 1972), to mile-long pieces of drift net, discarded
plastic bottles, bags, aluminum cans, etc.  In laboratory studies, Hoss and Settle (1990)
demonstrated that larvae of estuarine-dependent fishes including Atlantic menhaden, spot,
mullet, pinfish, and flounder consume polystyrene microspheres.  Investigations have also found
plastic debris in the guts of adult tuna, striped bass, and dolphin (Manooch 1973, Manooch and
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Mason 1983).  Based on the review of scientific literature on the ingestion of plastics by marine
fish, Hoss and Settle (1990) conclude that the problem is pervasive.  Most media attention given
to marine debris and sea life has focused on threatened and endangered marine mammals and
turtles, and on birds.  In these cases, the animals become entangled in netting or fishing line, or
ingest plastic bags or other materials.  Recently, a 35-foot- long sperm whale stranded and died
in North Carolina due to ingestion of a plastic float, plastic jugs, a large piece of rubber, 50 feet
of nylon rope, and a large plastic bag (D. Engel personal communication).

The production of plastic resin in the U.S. increased from  6.3 billion pounds in 1960 to
47.9 billion pounds in 1985.  The increased production, utilization, and subsequent disposal of
petro-chemical compounds known as plastics has created a serious problem of persistent marine
debris.  Marine ecosystems have, over the years, become the final resting place for a variety of
plastics originating from many ocean and land-based sources including the petroleum industry,
plastic manufacturing and processing activities, sewage disposal, and littering by the general
public and government entities (commercial fishing industry, merchant shipping vessels, the U.S.
Navy, passenger ships, and recreational vessels) (Department of Commerce, 1988c).

Effective January 1, 1989, the disposal of plastic into the ocean is regulated under the
Plastic Pollution Research and Control Act of 1987, implementing MARPOL Annex V
(Appendix L).  Recognizing worldwide concern for preservation of our oceanic ecosystems, the
Act prohibits all vessels, including commercial and recreational fishing vessels, from discharging
plastics in U.S. waters and severely limits the discharge of other types of refuse at sea.  This
legislation also requires ports and terminals receiving these vessels to provide adequate facilities
for in-port disposal of non-degradable refuse, as defined in the Act.

The utilization of plastics to replace many items previously made of natural materials in
commercial fishing operations has increased dramatically.  The unanticipated secondary impact
of this widespread use of plastics is the creation of persistent marine debris.  Commercial fishing
vessels have historically contributed plastics to the marine environment through the common
practice of dumping garbage at sea before returning to port  and the discarding of spent gear such
as lines, traps, nets, buoys, floats, and ropes.  Two types of nets are routinely lost or discarded
drift gill nets and trawl nets (Department of Commerce 1988c).  These nets are durable and may
entangle marine mammals and endangered species as they continue to fish or when lost or
discarded.

An estimated 16 million recreational boaters utilize the coastal waters of the United
States (Department of Commerce, 1988c).  Disposal of spent fishing gear (e.g. monofilament
fishing line), plastic bags, tampon applicators, six pack yokes, styrofoam coolers, cups and
beverage containers, etc. is a significant source of plastic entering the marine environment.

In the mid 1970s, the National Academy of Science (NAS) estimated that approximately
14 billion pounds of garbage was disposed of annually into the world’s oceans.  Approximately
85% of total trash is produced from merchant vessels, with 0.7% of that total, or eight million
pounds annually being plastic.  The use of plastics has risen dramatically since the NAS study.
At present, 20% of all food packaging is plastic and by the year 2000 this figure may rise to 40%
(CEE, 1987).

The main contribution of plastic to the marine environment from cruise ships is the
disposal of domestic garbage at sea.  Ships operating today carry between 200 and 1,000
passengers and dispose of approximately 62 million pounds of garbage annually, of which a
portion is plastics (CEE, 1987).

The U.S. Navy operates approximately 600 vessels worldwide, carrying about 285,000
personnel and discharging nearly four tons of plastic refuse into the ocean daily (Department of
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Commerce, 1988a).  The U.S. Coast Guard and NOAA operate 226 vessels which carry nearly
9,000 personnel annually and have internal operating orders prohibiting the disposal of plastic at
sea.  MARPOL Annex V does not apply to public vessels although the Plastic Pollution Research
Control Act of 1987 requires all Federal agencies to come into compliance by 1994 (CEE, 1987).

Sewage and other wastes discharged from recreational boats may be most problematic in
marinas and anchorage sites where vessels are concentrated.  Despite existing federal and state
regulations involving discharges of sewage and other materials, detection and control of these
activities are difficult and discharges still occur.  According to the 1989 American Red Cross
Boating Survey, there were about 19 million recreational boats in the U.S. (USEPA 1993).
About 95 percent of these boats were less than 26 feet in length and a large number of these
boats used a portable toilet, rather than a larger holding tank.  Given the large percentage of
smaller boats, facilities for the dumping of portable toilet waste should be provided at marinas
that service significant numbers of boats under 26 feet in length  (USEPA 1993).

Increased recreational boating activity may contribute significantly to pollution of
southeastern coastal waters by petroleum products.  All two-cycle outboard engines require that
oil be mixed with gasoline, either directly in the tank or by injection.  That portion of the oil that
does not burn is then ejected, along with other exhaust products, into the water.  In 1990, 52,030
boats were registered in coastal North Carolina (North Carolina Wildlife Resources Commission,
personal communication).  Based on this number, conservative estimates indicate that about
84,549 gallons per year of oil (in fuel) is discharged annually into North Carolina’s coastal
waters (Hoss and Engel 1996).  For comparison purposes, hydrocarbon discharges for coastal
North Carolina in 1982, from boating and urban runoff are about 470 and 2,270 tons,
respectively.  Increased use of personal water craft such as jet skis has added to the volume of
hydrocarbon being introduced into southeastern waters since the engine exhaust from these
vessels is discharged directly into the propellant water jet.  Similar problems are inferred for
other states and areas having high concentrations of boats.

The chronic effects of vessel grounding, prop and jet ski scarring, and anchor damage are
generally more problematic in conjunction with recreational vessels.  While grounding of ships
and barges is less frequent, individual incidents can have significant localized effects. Propeller
damage to submerged bottoms occur in all areas where vessels ply shallow waters.  In addition,
direct damage to multiple life stages of associated organisms, including egg, larvae, juveniles,
and through water column de-stratification (temperature and density), resuspending sediments,
and increasing turbidity (Stolpe 1997, Goldsborough 1997) have been observed in connection
with vessel operation.  This damage is particularly troublesome in North Carolina and Florida,
the two South Atlantic states with submerged rooted vegetation in their coastal waters.  In North
Carolina, no official quantitative estimate of SAV damage has been performed; however,
preliminary observations indicate that damage to the state’s 135,000 acres of SAV is localized
around marinas or other boat access points ( R.L. Ferguson personal communication).  Scarring
estimates for Florida indicate that about 173,000 of the state’s 2.7 million acres of SAV are
scarred (Sargent et al 1995).  On the Atlantic coast of Florida there are about 69,360 acres of
SAV and 3,770 acres (18 percent) have been scarred by prop and other water craft action.

The ever increasing number of registered power boats along the south Atlantic coastal
zone, and those temporarily entering coastal areas through tourism ensure that this threat is likely
increase over time.  Power boat registrations on Florida’s east coast, not including sailboats,
totaled 108,048 vessels in 1992-93.  Of these, 95 percent were pleasure craft (Sargent et al.
1995).
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The rapid increase in popularity of  jet skis or "personal water craft" is also problematic.
While these vessels are not propeller driven, the water jet removes sediment from seagrass roots
and rhizomes and can cause damage.  Further, these craft can operate in shallower waters and
can  access seagrass areas with relative ease.  In addition to direct impacts to grassbeds.  These
machines are exceedingly loud and can create large wakes.  It is reasonable to hypothesize that
the audio and physical environment of shallow nursery areas may be disrupted in manners which
stress postlarval life stages.  The degree of stress is currently uninvestigated.

Incidences of commercial groundings are few, but where they occur on hard bottom
habitats damage may be extensive and long-term.  For example, groundings in the Florida Keys
National Marine Sanctuary have caused extensive damage to coral reefs and signs of recovery
are slow to appear.

The cumulative effect of anchor scarring in seagrass beds is not as damaging as that
caused by  propeller and jet powered vessels.  On coral reefs, however, damage caused by
anchoring of recreational boats is significant (Davis, 1977).  Dragging or pulling anchors through
coral beds breaks and crushes the coral, destroying the coral formation.  Most reef damage of this
type occurs in the Florida Keys and in nearshore waters.

The effects of vessel induced wave damage have not been quantified, but may be
extensive.  The most damaging aspect relates to the erosion of intertidal and SAV wetlands
located adjacent to marinas, navigation channels, and boating access points such as docks, piers,
and boat ramps.  Wake related erosion in places along the Atlantic Intracoastal Waterway and
elsewhere is readily observable and has undoubtedly converted substantial area of emergent
wetlands to less important habitat such as submerged bottom.  In heavily trafficked areas
bottoms may become unstable and colonization by bottom dwelling organisms may not be
possible. Indirect effects may include the resuspension of sediments and contaminants that can
affect EFH.  Where sediments flow back into existing channels, the need for maintenance
dredging, with its attendant impacts, may increase.

The introduction of exotic species by vessel operations is linked largely to the world wide
movement of commercial vessels.  Exotic species may be brought into the U.S. by several
methods, but capture and release in ballast waters is of most concern.  With the introduction of
the zebra mussel into the Great Lakes and its rapid dispersal into other waters, considerable
attention is being directed at this problem.  According to one estimate, two million gallons of
foreign ballast water are released every hour into U.S. waters (Carlton 1985).   This possibly
represents the largest volume of foreign organisms released on a daily basis into North American
ecosystems. The introduction of exotic organisms threatens native biodiversity and could lead to
changes in relative abundances of species and individuals that are of ecological and economic
importance.  This has already been observed in other parts of the world.  While EFH has not
been directly affected, recent introduction of a brown mussel into the Gulf of Mexico is of
concern and is being investigated.  It is anticipated that technology such as use of filters or open
ocean exchange of bilge waters can be used to reduce the spread of non-native species.
Considering the extent of port development and shipping along the south Atlantic, addressing
this issue is of paramount importance.

4.1.1.7 Inshore Mining 
Inshore mining, as a category of EFH threats, is generally confined to a few specific

locations where associated effects may be substantial.  Between 1981 and 1996 the NMFS
received only 434 of these proposals for review.  Of these, 307 were from Florida and involved
phosphate mining.  While these activities undoubtedly have a dramatic effect on local landscapes
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and wetlands, the majority are well inland of most EFH locations.  Where these activities occur
along the coast, phosphate rock, sand, gravel, stone, and marl are generally mined.  Phosphate
rock is sought mostly for fertilizer production and the other materials are used mostly for fill,
roadbed construction, and concrete production.  The products of mining operations may
eventually be transported to other locations and construction and operation of shipping facilities
and navigation channels could involve EFH.

4.1.1.7.1 Threats to EFH from Inshore Mining Activities
Potential threats include: conversion of wetlands to mine pits and uplands, or to

reclaimed aquatic sites and uplands that lack pre-mine habitat and fishery production values;
direct and/or non-point-source discharge of fill, tailings, chemicals, cooling and processing
water, and surface and ground waters into streams, rivers and estuaries; hydrological
modifications including those associated with ditches, dikes, water and waste lagoons, intake
and discharge systems; and cumulative and synergistic effects associated with other mining and
non-mining activities.  Related shipping, storage, and processing facilities also can threaten
EFH.

Where mining  activities occur in areas identified as EFH, the local effect is often
dramatic and extremely damaging.  In eastern North Carolina phosphate mining has essentially
eliminated an entire estuarine creek ecosystem in Beaufort County.  In Dade and Monroe
Counties, Florida, limestone removal operations have converted large areas of wetlands to open
pits.  While most state and federal regulations require restoration of mine sites, such action is
costly and often fails to produce environments that are similar in ecological character and
productivity to those that were destroyed.

EFH designation could further fishery management opportunities in certain locations and
in the case of certain mining activities.  In locations where suitable mitigation cannot be
provided, the creation of new mines and expansion of existing operations may be curtailed or
prohibited.  Other less intrusive mining operations, such as minor removal of sand and gravel,
are likely to continue, but needed environmental protection measures (e.g., seasonal work
restrictions) could be specified to minimize impacts to fishery resources and prevent significant
harm to EFH.

The construction and operation of mining-related facilities such as storage, processing,
and shipping facilities and other related infrastructure such as roads, also presents a threat to
EFH.  Discussions found in Sections 4.1.1.6 and 4.1.1.7 address these factors.

4.1.1.8 Hydrologic Modifications 
Alteration of freshwater flows into coastal marine waters, typically via the construction

of canals,  has changed temperature, salinity, and nutrient regimes, reduced the extent of
wetlands, and degraded estuarine and nearshore marine habitats (Reddering 1988, Whitfield and
Bruton 1989).  The following summary is largely taken from Serafy et al (1997).  Profound
changes to the South Florida ecosystem have occurred with the construction of an extensive
inland and coastal canal system by the COE which began as early as 1917 (Hoffmeister 1974,
Teas et al 1976).  Today, the system constitutes a 1400-mile network of canals, levees, locks and
other flood control structures which modulates fresh water flow from Lake Okeechobee, the
Everglades, and coastal areas.  These areas, which serve as nursery areas for a wide diversity of
organisms, have experienced drastic changes in both the amount of freshwater they receive, and
in the fashion in which it is delivered.  For example, in southern Biscayne Bay, Florida, canal
locks are all that separate this occasionally hypersaline lagoon from the entirely freshwater canal
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systems.  When the locks open, the salinity of marine waters downstream often drops 20 ppt
within 60 minutes before recovering as rapidly (Wang and Cofer-Shabica 1988).  This may occur
several times a day and over several months, particularly during the rainy season (i.e., May to
October) when water temperatures are also at maximum levels.

4.1.1.8.1 Threats to EFH from Hydrologic Modifications
Potential threats: Most hydrologic modifications are performed with other activities that

are identified as having potential to adversely impact EFH.  As such, the activities involved are
similar or identical to those identified in other sections.  Other threats are possible with
mosquito control, aquaculture, wildlife management, and flood control projects and activities.
Hydrologic modification can involve entire watersheds and drainage basins for large scale
water diversion projects, where silviculture and/or agriculture activities are large in scale
and/or intensity, and where runoff from urban and suburban development is substantial.  Threats
related to hydrologic modification can involve any activity that alters water quality or the rate,
duration, frequency, or volume at which water enters or moves through an aquatic system.
Consequently, activities associated with industrial, urban, and suburban development (including
those occurring on uplands), ditching, draining, diking, and impounding may all qualify as
hydrologic modification related threats.

Rapid salinity fluctuations can represent a significant stress for a marine organism,
depending on its osmoregulatory ability and/or its behavioral response (Serafy et al. 1997).  In
fishes, abrupt salinity changes can cause mineral imbalances in the blood which tends to become
diluted as salinity drops, and concentrated as it rises -- either of which can be lethal (Mazeaud et
al 1977).  Rectification of proper osmotic balance in response to salinity stress requires energy
expenditure, often at the cost of growth, reproduction and/or resistance to other stressors,
including high temperature (Moore 1972, Schreck 1990).  The combination of high temperatures
and low salinity pulses on marine organisms has received only limited attention (Moore 1972,
Albertson 1980).

Only one study has examined the combined effects of high temperature and freshwater
pulses on subtropical marine fishes of the Western Atlantic.  Serafy et al. (1997) combined a
field survey of nearshore fishes in Biscayne Bay, Florida, with a series of laboratory-based
freshwater pulse experiments.  A 13-month trawl project was supplemented with high
temperature - low salinity challenge experiments on eight fishes: five species that dominated
canal-influenced habitats (Eucinostomus gula, Lagodon rhomboides, Haemulon sciurus,
Opsanus beta, and Lucania parva) and three species that were less common in these areas
(Cynoscion nebulosus, Haemulon favolineatum, and Cyprinodon variegatus).  Of the five fishes
that dominated the nearshore habitats, three exhibited no mortality when subjected to freshwater
pulses, while L. rhomboides and L. parva exhibited 12.5 percent and 50.0 percent mortality rates,
respectively.  Mortality was 100 percent for the three species that were less common in habitats
influenced by canals.  These laboratory and field results support the hypothesis that
anthropogenic changes to fresh water delivery regimes can play a partial role in determining the
species compositions of nearshore fish assemblages within Biscayne Bay, Florida.

Holland et al (1996) found that salinity was a major factor in controlling the distribution
and abundance of living marine resources in South Carolina estuaries.  In watersheds having the
greatest areas of roofs, roads, and parking lots it was found that surface water discharges tended
to be “flashier” and that recruitment and colonization by benthic fauna in these areas was less
predictable than in more stable environments.
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4.1.1.9 Dams, Impoundments, and Other Barriers to Fish Passage 
Thousands of wetland acres have been  impounded each year in the Southeast for

purposes such as waterfowl habitat creation, aquaculture, agriculture, flood control, and
mosquito control.  Historically, large areas of wetlands were impounded in South Carolina for
rice production.  Projects range in size from minor, such as repair of existing embankments, to
large-scale projects where constructing dikes and water- control structures may affect relatively
large wetland tracts.

Numerous dams and other structures have been built on major rivers for industrial water
uses, hydropower facilities, reservoirs, and as part of flood control projects.  Those facilities near
the coast can have an adverse effect by blocking fish passage, and modifying hydrology and
sediment and nutrient flows to coastal waters.

4.1.1.9.1 Threats to EFH from Dams, Impoundments, and Other Barriers to Fish
Passage

Potential threats: Direct effects of impoundments and other barriers are removal of
habitat, conversion of habitat away from historic usage, alteration of hydrology, and
modification of water quality by modification of temperature, salinity, and nutrient and sediment
fluxes.  Flow regimes often are controlled and differ substantially from pre-impoundment flows.
This can adversely affect  anadromous fish migration and spawning as well as food production
for prey species needed by larvae and juveniles.

Large acreages of coastal wetlands have been impounded along the Southeast Atlantic.
Reasons vary, but include aquaculture, waterfowl production, mosquito control, and in the Old
South prior to 1912, rice production.  The overall amount of impounded coastal wetlands is not
known, but probably exceeds 200,000 acres.  Between 1981 and 1996, the NMFS reviewed 721
proposal of varying sizes that blocked or impounded EFH (Tables 26-29).  A review of 190 of
these projects revealed that about 7,131 acres of EFH would be adversely altered through these
projects.

A primary biological concern for barriers and impoundments is the impact on estuarine-
dependent marine fisheries production.  Most impoundments are managed for resources other
than fish (e.g., waterfowl).  The management regimes, based largely on seasonal consideration,
may exclude or severely restrict access by fish and invertebrates.  This decreases habitat area and
proportionately, the production of fishery resources.  Even if fisheries gain access, conditions
within impoundments may not be hospitable and organisms may not be able to escape and enter
harvestable and reproductively active populations found in surrounding waters.  Other
management regimes, such as marsh burning, may adversely affect fishery resources.  Water
quality and nutrient outflow also may be compromised.

New impoundments pose a potential risk to EFH and fish production and must be
carefully evaluated.  However, within the south Atlantic, some positive aspects are evident
related to existing impoundments.  Because wetlands have been extensively damaged, these
areas (especially old rice fields) provide a wealth of available habitat.  Further, production of
fisheries organisms within these areas is often excellent.  Crab production, for example, has been
shown to be high in some areas and the production of many estuarine-dependent species has
been observed.  Strides have been made in revising existing management regimes to better
accommodate fishery production and these early efforts are producing positive results.  In
Florida, the Subcommittee on Managed Marshes, an interagency ad hoc group is making
impressive strides in reestablishing fisheries access to impounded wetlands.  These types of
efforts provide a positive solution for better integrating the uses associated with these areas.
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Dams and other barriers have been constructed on almost every major southeastern river.
They serve multiple purposes including hydropower production, water supply, and flood
attenuation.  Dams located on the Roanoke and Neuse Rivers in North Carolina, the Cooper and
Santee Rivers in South Carolina, and on the Savannah River on the South Carolina - Georgia
border are major impediments to anadromous fish migrations.  Most of these structures are old
and were built either before their effects on fish and other wildlife were known, or at a time
when environmental concerns were of lesser importance than economic and political factors.
Considering the present level of knowledge of their effect on fish migration and production,
water quality, and flow alteration, it is unlikely that major new structures will be built.  The
present challenge is to revisit older structures to determine their usefulness and where their
negative impacts outweigh their benefits, they should be removed or modified.  An example is
removal of the Quaker Neck Dam on the Neuse River in North Carolina.  Where removal is not
feasible then consideration must be given to providing for, or improving fish passage and for
modifying flow regimes to mimic pre-impoundment flows.  These considerations will rely on
new research and improvements in fish passage technologies.

4.1.1.10 Natural Events 
Coastal processes may be dramatically altered by natural events.  These include short

term events such as severe storms, hurricanes, floods, etc., and longer-term events such as global
warming and sea level rise.  Effects vary from potentially positive to catastrophic.  For example,
a moderate storm may provide needed freshwater, flush and recharge stagnant water bodies, and
transfer nutrients from uplands and high marsh surfaces to tidal waters.  On the other hand,
shoreline erosion, wetlands destruction and subsidence and substantial changes in the structure of
coral communities (e.g., Bythyell et al., 1993) are possible.  The eventual result of global climate
change is even less predictable.  However, it is evident that coastlines and related ecosystems are
changing and human activities may be involved and could largely frame the outcome.
Considering the extensive level of coastal development in the coastal zone, even a minor
increase in sea level rise can have serious consequences for humans, EFH, and the fishery
resources that rely on coastal habitats.

4.1.1.10.1 Threats from Natural Events 
Potential threats: Coastal and inland storms can cause severe acute and chronic

perturbations including habitat erosion, burial of habitat and organisms by sediment deposition;
creation of strong currents that alter habitats and remove biota; damage by wind and waves;
creation of  turbidity levels that can cause physiological damage and disrupt feeding, spawning
migration, and other vital processes; and abrupt changes in salinity and other water quality
characteristics such as fecal coliform levels. Long-tern climatological changes can bring about
similar changes by altering weather patters.  Large scale ecological changes may also occur
where temperature changes favor or harm a particular species or group.  Changes that cause
relocation of frontal boundaries, weed lines, and stratification and temperature boundaries may
also cause substantial and undesirable environmental change.

Hurricanes and other severe climatological events and change can drastically alter
shorelines and associated environments including wetlands.  Some changes may be positive such
as the flushing of stagnant systems.  However, wind induced erosion and overwash can remove
and fill large areas of SAV and emergent wetlands.  In overwash areas,  newly created “uplands”
are often quickly developed and stabilized and geomorphological processes that lead to
rebuilding of wetlands and shallow water areas may be precluded.
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Although the issue of global warming is controversial, all models predict some
temperature increases, especially in the higher latitudes of the Northern Hemisphere (USDC
1997).  According to the U.S. Department of Commerce, significant Arctic warming, particularly
after 1920, may be related to increased solar radiation, increased volcanic activity, and other
naturally occurring factors (USDC 1997).  Human induced increases in greenhouse gas
concentrations combined with natural conditions to cause unprecedented warming in the Arctic
in the 20th century, and between 1840 and the mid-20th century the Arctic warmed to the highest
level in the past four centuries.

Global temperature increases of a degree or two can cause sea level rise if melting of the
Arctic tundra and ice cap follow.  Possible effects include: significant loss of coral reefs, salt
marshes, and mangrove swamps that are unable to keep up with sea level rise; loss of species
whose temperature tolerance ranges are exceeded (this could be especially problematic for
corals); elevated nutrient and sediment loading; saltwater intrusion into freshwater ecosystems
such as freshwater marshes and forested wetlands; invasion of warmer water species into areas
occupied by cooler habitat species; and physical changes that could have much broader
implications by altering flows, food chains, and climate (USDC 1997).  The severity of impact
on natural resources, including certain EFH will be determined by natural and human obstruction
to inland habitat shifts, resilience of species and populations to withstand changes in
environmental conditions, and the rate of environmental change (USDC 1997).

Other relevant information on this topic is contained in Section 4.1.2.6.

4.1.2 Offshore Processes 
4.1.2.1 Navigation 

Offshore dredging for navigation is mainly limited to inlet bar channels and other port
entrances; e.g., Port Canaveral, Florida.  The sediments are typically coarse and the bottom
communities are low diversity reflecting the dynamic nature of these areas.  Bottom organisms
occupying this zone are generally sparse and adapted to the dynamic nature of the habitat they
occupy.   As such, dredging in these locations generally does not pose the same magnitude or
type of impact  incurred when working in nearshore environments.  The same is true for vessel
operations, although to some degree the problems discussed in Section 4.1.1.6 also apply.
Vessel operation impacts are mainly linked to sinking, grounding, routine disposal trash and
wastes, and the accidental release or spillage of cargo and fuel.

4.1.2.1.1 Threats to EFH from Navigation 
Potential threats include: excavation and burial of EFH in connection with creation and

maintenance of  navigation channels; elevation of turbidity and resuspension of toxic and
harmful components of dredged materials (includes material that cause elevated sediment and
dissolved oxygen demands); interruption of coastal sand movement and sub-adult fish migration
through construction of channel stabilization structures such as jetties; potentially harmful
vessel operations such as discharge or spillage of fuel, oil, grease, paints, solvents, trash, and
cargo; grounding/sinking/prop scaring in ecologically/environmentally sensitive locations;
exacerbation of shoreline erosion due to wakes; and transfer and introduction of exotic and
harmful organisms through ballast water discharge.

With a few exceptions, offshore dredging is performed using hopper dredges.  Hopper
dredges generally dump accumulated material through a split hull; however, the use of these
dredges in connection with pipelines and vessel pump out is becoming more commonplace,
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especially where sand is needed for beach replenishment.  Closer inshore, sidecast dredges may
be used where wave amplitude is slight and dredging volumes are relatively minor.  In protected
waters pipeline dredges are almost always used since they provide the most effective and
efficient means for removing and redepositing bottom sediments.  On rare occasion, as in the
case of the Cape Canaveral Ship Channel, pipeline dredges may be used in open waters but their
vulnerability to wave damage generally precludes this.  Bucket dredges and scows are employed
in some locations, but such use is usually limited to situations where other dredges cannot
operate due to water depth and pumping distances (for pipeline dredges).

In connection with offshore waters, threats to EFH are most significant in terms of
possible burial of benthic communities in the vicinity of dump sites and in connection with
turbidity from dumped materials.  Contamination of the water column and bottoms is also
possible if the dredged material is contaminated.  Sediments may also be re-dispersed after being
dumped in offshore sites and burial of productive bottoms is possible.  On occassion, designated
dump sites are not adequately studied or they change and high quality benthic habitat may be
damaged or destroyed.

Considering that most ports are located in estuarine waters, other navigation related
threats may be less severe in offshore waters.  Notable exceptions may include the overboard
disposal of trash, cargo, and wastewater from ocean going vessels (see Section 4.1.1.2.), and
disposal of dredged material (see Section 4.1.2.2).  Although comparisons are unavailable, it is
likely that most vessel related disposal occurs on the open ocean, rather than in estuarine and
nearshore waters where such activities are likely to be observed.

Within Florida waters, particularly in the Florida Keys, vessel groundings represent a
chronic threat to live coral habitat.  Anchoring is also a problem, however, it has become less of
a threat through wide spread use of single point mooring buoy systems.  Vessel groundings can
be broken into two broad categories: large vessel and ship groundings that often result in severe
injury to live coral colonies and non-living reef framework; and small recreational boat
groundings that result in numerous strikes to individual coral colonies in both inshore and
offshore areas.  Large vessel and ship groundings occur infrequently, but result in far more
significant injury to coral reefs and other habitat types.  Recreational boat groundings are much
more frequent.  Between 1993 and 1997, 2089 groundings were reported in the Florida Keys
National Marine Sanctuary.  Many more are likely unreported.

Reported Vessel Groundings* in
Florida Keys National Marine Sanctuary (FKNMS)

1993 to 1997
Year Total Reported Vessel Groundings
1993 280
1994 550

1995** 400
1996** 399
1997** 460
Total 2089

*Data from FKNMS & Florida Marine Patrol Computer Assisted Dispatch Report
** Grounding data for 1995 through 1997 are incomplete and require further data anaylsis.

Note: The above numbers do not represent coral reef groundings alone.  Reported groundings occur in all
types of habitats found in the FKNMS.
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Accurate baseline data for live coral coverage does not exist for the vast majority of
Florida coral reefs.  In some cases though, sufficient data are available to allow calculation of
the actual extent of a grounding incident.  For example, on August 10, 1994, the R/V Columbus
Iselin, a 154-foot research vessel, was conducting survey work for the University of Miami when
it struck Looe Key, a spur and groove reef.  Approximately 345 square meters of living coral and
338 square meters of non-living coral reef framework were destroyed.

Injuries to coral from groundings take several forms and include crushing, splitting and
fragmentation, dislodging colonies, and depending on the severity of the incident, sedimentation
and/or burial.  In general, groundings occur on or near the reef crest where coral formations are
closest to the water surface.  Species commonly injured in the reef crest include elkhorn coral
(Acropora palmata), staghorn coral (Acropora cervicornis), fire coral (Millepora complanata),
starlet coral (Siderastrea siderea), mustard hill coral (Porities astreoides), and knobby
zoanthidean (Palythoa mammillosa).  Species that inhabit deeper areas such as brain coral
(Diploria strigosa), star coral (Montastrea annularis), and large star coral (Montastrea
cavernosa) are at risk from deep draft vessels.  Small individual groundings may recover over
time, but the loss of live coral coverage is likely to take decades.  Catastrophic groundings
involving large ships or freighters may never fully recover.

4.1.2.2 Dumping 
Dredged material disposal in ocean waters generally involves disposal of sediments

dredged from inshore areas such as port facilities.  Where navigation approaches from offshore
and inlets are involved these materials may also be placed in offshore sites.  Most of the
sediments taken from inshore areas are fine, contain some degree of contamination, and produce
at least short-term impacts such as turbidity plumes when removed or deposited.  The overall
effects of dumping on or near EFH may be serious, but are not well studied.  The SAFMC policy
on dumping (see Section 5.3.1) provides additional detail on the subject.  The principal authority
for designating ocean disposal sites for placement of dredged material is the Regional
Administrator of the EPA.  The EPA develops and publishes Environmental Impact Statements
(EIS) and the rule making paperwork for ocean disposal site designations.  Corps of Engineer
Districts provide the EPA with the necessary information to prepare the EIS and to identify
significant issues to be addressed in the site designation process.  Information required from the
Districts includes: zone or siting feasibility data, justification for the need for ocean disposal, and
alternatives to ocean disposal.  The purpose of the EPA site designation process (see Appendix
K) is to establish sites that minimize impacts to the environment, economize disposal site
management and monitoring activities, and support multiple users (C. McArthur personal
communication).

Under provisions of the Marine Protection Research and Sanctuaries Act (MPRSA),
ocean disposal of hazardous and toxic materials, other than dredged materials, is prohibited by
U.S. flag vessels and by all vessels operating in the U.S. territorial sea and contiguous zone.  The
EPA may issue emergency permits for industrial waste dumping into ocean waters if an
unacceptable human health risk exists and no other alternative is feasible.  The MPRSA assigns
responsibility the ocean disposal of dredged material to the EPA and the COE.  This involves
designating ocean sites for disposal of dredged material; issuing permits for the transportation
and disposal of the dredged material; regulating times, rates, and methods of disposal and the
quantity and type of dredged material that may be dumped; developing and implementing
effective monitoring programs for the sites; and evaluating the effect of dredged material
disposed at the sites (C. McArthur personal communication).
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To date, offshore ocean dumping sites have been approved for ports at Wilmington,
North Carolina; Brunswick, Georgia; Charleston, South Carolina; and  Miami, Fort Pierce,
Jacksonville, and Fernandina Beach, Florida (C. McArthur personal communication).  The COE
has identified Port Everglades and Palm Beach, Florida; Port Royal, South Carolina; and
Wilmington, North Carolina as locations in need of new or additional designated ocean dumping
sites.

Region IV of the U.S. Environmental Protection Agency identifies the following
concerns in connection with existing South Atlantic Ocean Dredged Material Disposal Sites
(ODMDS):

Ocean Dredged Material Disposal Site Site Specific Concerns

Charleston, SC ODMDS Live bottom areas proximal to the site subject
to possible impact.

Miami, FL ODMDS Effect of disposal plumes on nearshore coral
reefs are under investigation.

Fort Pierce, FL ODMDS Offsite transport of disposed dredged material
and subsequent burial of nearby hard bottom
communities is of concern to local
community.

Jacksonville, FL ODMDS Lies within Northern Right Whale Critical
Habitat and site may be undersized.

Fernandina, FL ODMDS Lies within Northern Right Whale Critical
Habitat.

Brunswick, GA ODMDS Lies within Northern Right Whale Critical
Habitat.

Wilmington, NC ODMDS Wood debris in dredged material suspected of
migrating off site into shrimping grounds.

Dumping of trash, wastewater, and unwanted cargo is more likely to occur on the open
seas since it is less observable here than in inshore waters.  Prior to passage of the Marine Plastic
Pollution Research and Control Act (MPPRCA) of 1987 (PL 100-220) an estimated 14 billion
pounds of garbage was being dumped into the ocean each year.  More than 85 percent was
believed to have come from the world’s shipping fleet in the form of cargo-related wastes.

4.1.2.2.1 Threats to EFH from Dumping 
Potential threats include: burial of habitats and their flora and fauna, introduction of

contaminants and toxic substances into waters and substrates, increased and harmful turbidity
levels, and creation of hazards to fishing and navigation.

Threats associated with ocean dumping sites include covering of live bottom areas in or
near a dump site; impacts to nearshore coral reefs and live bottoms by disposal plumes; offsite
transport of disposed dredged material and subsequent burial of nearby hard bottom
communities; designated sites that are too small to handle the load; migration of debris (e.g.,
wood) to fishing grounds; and the location of dumping sites within critical habitat of endangered
species such as the northern right whale.

Because monitoring of disposal activities is sometimes inadequate, there are reports of
dredged material dumping outside of designated dump sites (short dumping).  One recent
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example of a possible short dumping event involves the excavation associated with the Fort
Pierce Harbor, Florida, expansion project.  In this case, over 400,000 cubic yards of fill from this
project was dumped at a mid-shelf site.  Numerous complaints arose thereafter from fisherman
and divers that the fill was short-dumped and large areas of reef habitat had been covered.  These
sites had previously served as productive snapper/grouper fishing locations. Only limited
monitoring information is available to examine the specifics of this incident; however, Reed
(1996) summarizes much of the available information regarding the mud deposits potentially
derived from this event.

Even with the use of approved practices and disposal sites, ocean disposal of dredged
materials is expected to cause environmental harm since contaminants will continue to be
released, productive bottoms will still be filled, and localized turbidity plumes and reduced
oxygen zones will persist.  Further, analyses are needed for use in dump site designation.  For
example, there have already been observed cases (e.g., at Charleston) where dump sites were
designated and then, after dumping had been initiated, it was determined that valuable hard
bottom habitats were located in or near the dump site. The effects of new disposal techniques
such as creation of nearshore berms and “beneficial uses” of dredged material such as creation of
shallow water habitats and emergent wetlands are, in many cases, unclear and may cause long-
term geomorphological and ecological change that is harmful to certain species and
environments.  The SAFMC recognizes offshore berm construction as a disposal activity.  As
such, its policies regarding disposal of dredged materials apply.  The SAFMC also recommends
that research should be conducted to quantify larval fish and crustacean transport and use of
inlets prior to any consideration of placement of underwater berms.  Until the impacts of berm
creation in inlet areas on larval fish and crustacean transport is determined, the SAFMC
recommends that disposal activities should be confined to approved ODMDS.  The SAFMC
further believes that new offshore and near shore underwater berm creation activities should be
reviewed under the most rigorous criteria and on a case-by-case basis.

In the absence of MPRSA and MPPRCA repeal or weakening, major dumping threats to
EFH within federal waters should be limited mostly to illegal dumping and accidental disposal of
material in unapproved locations.  However, many agencies lack sufficient staff and funds to
carry out mandated responsibilities and the opportunity for illegal and accidental dumping may
be substantial.  The effect of insufficent monitoring and enforcement is evident by the tons of
debris, sometimes including hazardous materials such as syringes and medical wastes, that are
deposited along the nation’s beaches every year.

As noted in Section 4.1.2.2 (above) the SAFMC has developed Policies for disposal of
dredged material in waters under its jurisdiction. With regard to use of Ocean Dredged Material
Disposal Sites (ODMDS) the policy provides that:
• ODMDS should be designated or redesignated so as to avoid the loss of live or hard
bottom habitat and minimize impacts to all living marine resources.
• Notwithstanding the fluid nature of the marine environment, all impacts from the disposal
activities should be contained within the designated perimeter of the ODMDS.
• The final designation of ODMDS should be contingent upon the development of suitable
management plans and a demonstrated ability to implement and enforce that plan.
• The Council encourages EPA to press for the implementation of such management plans
for all designated ODMDS.
• All activities within the ODMDS are required to be consistent with the approved
management plan for the site. The Council’s Habitat and Environmental Protection Advisory
Panel when requested by the Council will review such management plans and forward comment
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to the Council.  The Council may review the plans and recommendations received from the
advisory sub-panel and comment to the appropriate agency.
• ODMDS management plans should specify those entities/ agencies which may use the
ODMDS, such as port authorities, the U.S. Navy, the Corps of Engineers, etc.  Other potential
users of the ODMDS should be acknowledged and the feasibility of their using the ODMDS site
should be assessed in the management plan.
• Feasibility studies of dredge disposal options should acknowledge and incorporate
ODMDS in the larger analysis of dredge disposal sites within an entire basin or project.  For
example, Corps of Engineers’ analyses of existing and potential dredge disposal sites for harbor
maintenance projects should incorporate the ODMDS as part of the overall analysis of dredge
disposal sites.

4.1.2.3 Offshore Sand and Mineral Mining 
Offshore mining for minerals has not been a significant issue in the south Atlantic region

(oil and gas mining is discussed separately).  Earlier consideration of mining for manganese
nodules and removal of useable materials and metals from seawater have not materialized,
probably due to market conditions.  Recent discovery of  large phosphate deposits in waters off
North Carolina could eventually lead to requests to mine these deposits. As readily available
upland sources of minerals and other materials are depleted, the extraction of marine deposits
will become more feasible and likely to occur.

The mining of sand for beach nourishment presents a large, complex, and politically
charged threat to EFH in the southeast.  Between 1981 and 1996, the NMFS reviewed more than
200 dredge proposals to nourish beaches.  Most of these projects are large in scope and affect
miles of coastline and nearshore habitats.  Where sand is removed from nearshore environments,
channels, and inlets , additional EFH alteration is possible due to a number of factors such as
down drift erosion and removal of materials that eventually nourish shallow waters located
behind barrier islands.  A survey of 120 of the more than 200 beach nourishment projects
received by the NMFS showed that about 5,735 acres of aquatic sites were subject to excavation
and filling.

4.1.2.3.1 Threats to EFH from Offshore Sand and Mineral Mining 
Potential threats include: removal of substrates that provide habitat for fish and

invertebrates; creation (or conversion) of habitats to less productive or uninhabitable sites such
as anoxic holes or silt bottom; burial of productive habitats in the vicinity of the mine site or in
nearshore disposal sites (as in beach nourishment); release of harmful or toxic materials either
with actual mining, or in connection with machinery and materials used for mining; creation of
harmful turbidity levels; and modification of hydrologic conditions that cause erosion of
desirable habitats.

Offshore mining of sand for beach nourishment has steadily increased along the south
Atlantic coast.  Presently, sand mining and beach nourishment activities are performed  along
the entire south Atlantic coast from North Carolina to Florida.  Major projects include those at
Wrightsville Beach, North Carolina; Myrtle Beach and Folly Beach in South Carolina; and many
of Florida’s beaches such as Palm Beach, Boca Raton, and Miami Beach.  Large-scale beach
nourishment has also been performed at Tybee Island in Georgia, however, the material for that
project was obtained from the Savannah Harbor deepening project.  In addition to the larger
projects that can involve millions of cubic yards of material, a substantial number of smaller
projects involving beach scraping and removal of nearshore and inlet sand deposits are
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performed annually.  While most of the larger projects are publicly funded and performed by the
COE, many of these smaller projects are paid for with local revenues and/or private funds.

Although some of the environmental effects of sand mining and beach nourishment are
documented there is much that is not known or studied (National Research Council 1995).
NMFS and the FWS began raising questions over related effects as long as twenty years ago.  In
North Carolina and South Carolina concern over nearshore populations of mole crab (Emerita
talpoida) and donax (Donax spp.) was raised with several projects.  Although frequently
requested, no long term studies on impacts to these and other beach fauna were ever performed.
The fate of these species, from a population perspective, is of concern since they are important
food items for transitory and resident fishes (e.g., Florida pompano, kingfishes, and spot) that are
of economic and recreational importance (Hackney et al., 1996).  Limited studies performed by
Reilly and Bellis (1978) showed significant reductions in occurrence and biomass of mole crabs
and donax at nourished  beaches.  Considering that many miles of southeastern beach front are
now filled and/or subjected to scraping and sand relocation each year the cumulative effect of
this activity could be substantial.

In Florida, beach nourishment projects require the dredging and filling of  millions of
cubic yards of fine sediments among shallow cross-shelf habitats, repetition or these activities at
3-10 year intervals, and tens of millions of dollars in annual expenditures (ACOE, 1996).
Among mid-shelf sand plains, often having nearby reef habitats, dredges create large craters and
increased turbidity.  At both dredge and fill sites, acres of shallow water hard bottom, seagrass,
or other habitats can be directly buried or subjected to elevated turbidity.  Nearshore reefs buried
or indirectly affected by dredging in south and central Florida can be utilized by over 325
invertebrate species (Nelson, 1989), 190 fish species, and serve as nursery habitats for many
managed species (Lindeman, et al., In press).  The timing of burial and anthropogenic turbidity
spikes may have important effects upon the recruitment of settlement-stage fishes and
invertebrates. Early spring through early fall dredge related burial of hard bottom may eliminate
habitat required by larvae of many marine organisms during peak recruitment periods (Hackney
et al., 1996, Lindeman and Snyder, MS).

Based primarily on summary tabulations of data for southeast Florida within ACOE
(1996), Lindeman (1997) estimates that:
• At least 47 large-scale offshore dredge and inshore fill projects have occurred since 1960.
• Approximately 97 additional large-scale dredge projects are conservatively planned to
occur between 1997 and 2046.
• Over 48,000,000 cubic yards of offshore sediments have been dumped within an
intertidal/subtidal corridor of approximately 500 feet x 110 miles in the last 36 years.
• Over 80,000,000 additional cubic yards of excavated offshore material may be dumped
within the same corridor of subtropical southeast Florida in the next 50 years.

Long-term estimates of mean turbidity values under natural conditions are not available
for most areas.  Therefore, the percentages of affected animals and algae that can tolerate
repetitious (e.g. 2 to 4 hours to 4 to 6 times a day for three months) sedimentation and elevated
turbidity events (that may approximate continuous three-month storms), are unknown. With
exception of  hurricanes, highly turbid nearshore conditions in southeast Florida are typically the
product of winter storms and heavy runoff during the rainy season.  Near Miami, Florida
turbidity in the nearshore hard bottom habitat is highly variable, and affected by winds,
longshore currents, swell condition and upland runoff.  Summer-fall months normally show
lower turbidity level (1-4 NTUs [Nepphlometric Turbity Units] and winter-spring months show
higher average levels (3-7 NTUs) (Miami-Dade DERM unpublished).  Direct effects of dredging
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activities on corals have been discussed by Marszalek (1981), Goldberg (1988) and Blair et al.
(1990).  Although sublethal effects of elevated turbidity are poorly known in tropical marine
environments, some information is available.  Bak (1978) showed that a relatively short period of
dredge-induced turbidity stress created an abrupt decrease in growth in two species of hard corals
(Agaricia and Madracis).  From both the magnitude and duration of suppressed calcification, he
concluded that such metabolic shock may have long-term consequences on reproduction.  Long-
term resuspension of bottom sediments has been shown to adversely affect an important hard
coral, Montastrea annularis (Dodge et al., 1974).  Teleniski and Goldberg (1995a; 1995b) have
recently demonstrated negative effects of sediment loads on hard corals at turbidity levels of
approximately 18 NTUs.  This is noteworthy, as the Florida state administrative threshold for
temporary shut-downs of dredge operations is substantially higher (29 NTUs).  Such work is
needed for other taxa and would provide a scientific basis for maximum turbidity thresholds
(Goldberg, 1988; Teleniski and Goldberg, 1995b).  Herrnkind et al. (1988) demonstrated that
increased siltation can cause direct loss of critical habitat for spiny lobster recruitment.
Enhanced resuspension of sediments over time and chronic turbidity may lower key growth and
reproduction rates of some algal and invertebrate populations which are a basis for primary and
secondary production on an ecosystem scale (Lindeman, 1997b).  The potential for management
decisions to multiply over time and impact unintentionally large spatial scales is of concern
(Odum, 1982; Rothschild et al., 1994) and is particularly relevant when affected species are also
over harvested (Ault et al., in press).

Mineral and other mining presently does not occur along the south Atlantic coast.
Extensive phosphate deposits have been located in Onslow Bay in North Carolina and large
quantities of mineral nodules containing manganese and other metals are abundant along the
continental shelf floor.  It is reasonable to conclude that mining of these and other materials
could become economically feasible.  If initiated, mining of marine bottoms would cause
substantial bottom disturbance that could impact productive hard bottom communities, shellfish
beds, and wintering grounds for demersal fish.  Since related port and processing facilities do not
presently exist, new mooring and dockside facilities would be needed and related secondary
impacts would be expected.  These impacts are discussed in detail  in Section 4.1.1.6 of this
document.

4.1.2.4 Oil and Gas Exploration, Development, and Transportation
Extensive areas of the south Atlantic have been designated and blocked off for oil and

gas development.  This activity, however, has been relatively dormant, unlike the activities that
proliferate in the Gulf of Mexico.  Initial exploration in the vicinity of Cape Hatteras several
years ago did not advance due to environmental and other concerns including consistency issues
associated with North Carolina’s Coastal Zone Management Program.  As of this writing,
interest in the potential for renewed oil and gas exploration off  North Carolina is again being
considered.  Environmental Impact Statements have been prepared for Mid-Atlantic Sale 121
and South Atlantic Sale for the exploration of oil and gas offshore of Cape Hatteras, North
Carolina. Should gas or oil be found, the laying of pipe to North Carolina’s shoreline facilities
would likely have to traverse barrier islands and associated wetlands.  As oil and gas levels
decline, exploration will undoubtedly resume and if economically viable reserves are located,
this activity could expand and inshore and offshore EFH could be at risk.



4.0 Threats to Essential Fish Habitat

324

4.1.2.4.1 Threats to EFH from Oil and Gas Exploration, Development, and
Transportation

Potential threats include: elimination or damage to bottom habitat due to drill holes and
positioning of structures such as drilling platforms, pipelines, anchors, etc., release of harmful and
toxic substances form extracted muds, oil, and, gas and from materials used in oil and gas recovery;
damage to organisms and habitats due to accidental spills; damage to fishing gear due to
entanglement with structures and debris; and damage to fishery resources and habitats due to effects
of blasting (used in platform support removal); and indirect and secondary impacts to nearshore
aquatic environments affected by product receiving, processing, and distribution facilities.

Although the continental shelf of the South Atlantic Bight has been the focus of moderate
interest for exploration of oil and gas resources, there are presently no ongoing related activities in
the region with exception of that mentioned in Section 4.1.2.4 (above).  Considering the current
status of the industry, a brief overview of the facilities that might be emplaced on the Outer
Continental Shelf (OCS) to facilitate oil and gas exploration, development, and production is
presented.  This includes drilling vessels (jack-ups, semi-submersibles, and drill ships), production
platforms, offshore moored terminals, and pipelines.

Oil and gas related activities are inherently intrusive and pose a considerable level of  threat
to marine and estuarine ecosystems, including EFH.  As discussed below, exploration and recovery
operations may cause substantial localized bottom disturbance.  Where large scale development is
undertaken the area of impact may be greatly expanded and become regional in scale.  The toxic
nature of hydrocarbon products and certain drilling materials (e.g., drilling muds), spill clean up
chemicals, and the large volume of unrefined and refined products that must be moved within the
coastal zone places large areas and resource bases as risk.

Structure emplacement can be expected to disturb some bottom area and, if anchors are
deployed, the area of disturbance could be expanded.  Jack-up rigs and semi-submersibles are
generally used in water depths not exceeding 400 meters and disturb about 1.5 ha (3.7 ac) of bottom
each.  Conventional fixed platforms are also employed where water depths are less than 400 meters
and they disturb about 2 ha (4.9 ac).  Where water depths exceed 400 meters, dynamically-
positioned drill ships may be used and sea floor disturbance is usually limited to the well site.
Tension leg platforms may also be employed at these depths and the potential bottom disturbance
area associated with these structures is about 5 ha (10.25 ac).

Each exploration rig, platform, terminal, and pipeline emplacement on the OCS can be
expected to disturb surrounding areas.  Exploration rigs, platforms, and pipe laying barges use an
array of eight 9,000 kg anchors to position a rig and barge, and to move the barge along the pipeline
route.  These anchors are continually moved as the pipe laying operation proceeds and the total area
actually affected by the anchors will depend on water depth, wind, currents, anchor chain length, and
the size of the anchors and chain (MMS 1996).  With conventional, fixed multi-leg platforms, which
are anchored to the sea floor by steel pilings, explosives are generally used to sever conductors and
pilings.  These support structures are substantial in size since they must withstand hurricane
conditions and have an average lifespan of about 20 years. The Minerals Management Service
requires severing support structures at five meters below the sea floor surface so as to preclude
interference with commercial fishing operations.

Possible injury to biota from use of explosives extends horizontally to 900 meters from the
detonation site, and vertically to the surface.  Based on MMS data, it is assumed that approximately
80 percent of removals of conventional fixed platforms in the Gulf of Mexico, in water less than 400
meters in depth, will be performed with explosives (MMS 1996). Alternative methodologies such as
mechanical cutting and inside burning are often ineffective and are hazardous to workers.
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Associated bottom debris commonly associated with over water oil and gas operations
includes cable, tools, pipe, drums, assorted trash, and structural parts of platforms. The amount
of bottom debris deposited around a site may vary and may be measured in tons.  Extensive
analysis of remotely-sensed data within developed lease blocks indicates that the majority of
ferromagnetic bottom debris falls within a 450 meter radius of the site.  The Fisherman’s
Contingency Fund, which was established by the oil and gas industry, provides recourse to
commercial fishing interests for recovery of equipment losses due to shrimp net entanglement
(MMS 1996).

Blowouts occur when improperly balanced well pressures result in sudden, uncontrolled
releases of petroleum hydrocarbons. Blowouts can occur during any phase of development:
exploratory drilling, development drilling, production, or workover operations.  About 23
percent of all blowouts will have associated oil spills, of which eight percent will result in oil
spills greater than 50 barrels, and four percent will result in spills greater than 1000 barrels.  In
subsurface blowouts, sediment will be resuspended and bottom disturbance will generally occur
within a 300 meter radius.  Whereas larger grain sediment will settle first, fined grained material
may remain in suspension for periods of up to thirty days or longer.  Fine grained material may
be redistributed over a significantly large area depending on the volume of sediment disturbed,
bottom morphology, and currents (MMS 1996).

The major operational wastes associated with offshore oil and gas exploration and
development include drilling fluids and cuttings, and produced waters.  Other important wastes
include: from drilling--waste chemicals, fracturing and acidifying fluids, and well completion
and workover fluids; from production--produced sand, deck drainage, and miscellaneous well
fluids; and from other sources--sanitary and domestic wastes, gas and oil processing wastes,
ballast water, storage displacement water, and miscellaneous minor discharges (MMS 1996).
Major contaminants or chemical properties of materials used in oil and gas operations may
include those that are highly saline; have a low ph.; contain suspended solids, heavy metals,
crude oil compounds, organic acids, priority pollutants, and radionuclides; and those which
generate high biological and chemical oxygen demands.  Pierce et al. (1980) documented that
wild fish have been injured by petroleum pollutants.  Grizzle (1983) suggested that larger liver
weights in fish collected in the vicinity of production platforms versus control reefs could have
been caused by increased toxicant levels near the platforms.  He also suspected that severe gill
lamella epithelium hyperplasia and edema in red snapper, vermilion snapper, wenchman, sash
flounder, and creole fish were caused by toxicants near the platforms.  These types of lesions are
consistent with toxicosis.

Accidental discharge of oil can occur during almost any stage of exploration,
development, or production on the OCS or in near shore base areas.  Oil spills may result from
many possible causes including equipment malfunction, ship collisions, pipeline breaks, human
error, or severe storms.  Oil spills may also be attributed to support activities associated with
product recovery and transportation.  In addition to crude oil spills, chemical, diesel, and other
oil-product spills can occur with OCS activities.  Of the various potential OCS-related spill
sources, the great majority are associated with product transportation activities (MMS 1996).

As of this writing, only test wells have been drilled in the South Atlantic Bight area and
these have been confined to inshore areas.  All of these wells were capped immediately after
drilling.  No production or transportation facilities such as offshore terminals and pipelines have
been built, nor are any such facilities currently planned in South Atlantic Bight waters.  Despite
this, millions of  barrels of crude oil and refined product transit South Atlantic Bight waters by
tank vessel every year and the potential exists for the discharge of thousands of barrels of oil due
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to vessel collision or sinking.  Discharge of untreated ballast water from transiting vessels is also
a chronic low level source of petroleum-based pollution.

4.1.2.5 Commercial and Industrial Activities
Direct physical encroachment into offshore environments by industrial activities is

relatively limited along the south Atlantic seaboard.  Notable exceptions include thermal intake
and outfall structures associated with power plants in North Carolina and Florida, and sea walls
that are used to protect commercial and industrial development.  Several municipal sewage
outfalls which discharge commercial and possibly light industrial wastes also exist.  Because
these facilities are relatively uncommon, direct physical impacts may be minor on a regional
scale.  Indirect effects, such as those associated with point and non-point-source discharges are
thought to be substantially greater since it has been shown that discharges, including trash and
debris, from land based activities may reach coastal waters and food webs.

Commercial development for hotels, motels, and related infrastructure along the south
Atlantic shoreline has been extensive.  Because many of these developments are located on
unstable and shifting coastlines, maintaining associated buildings, revetments, bridges,
causeways, beaches etc. has, and will continue to have an adverse effect on nearshore and
offshore processes and environments.

4.1.2.5.1 Threats to EFH from Commercial and Industrial Activities
Potential threats include: direct and/or non-point-source discharge of  chemicals,

placement of intake structures, and protective sea walls (often used in connection with
commercial establishments), and cumulative and synergistic effects caused by these and other
industrial and non-industrial related activities.

Future exploration and recovery of marine resources and placement of offshore mooring
and unloading facilities could substantially threaten offshore EFHs.  Although none of these
activities or facilities are presently being planned. it is likely that continued economic growth,
depletion of limited natural resources, and use of limited coastal lands will eventually lead to
greater exploitation of offshore resources.

Electric power generation is needed for commercial and industrial development, and for
residential purposes (See Section 4.1.1.4).  When located in coastal waters, power generation
facilities may adversely affect EFH and associated biota.  Potential threats include direct
displacement of wetlands, submerged bottoms, and vegetated upland buffer areas for generation
facilities and ancillary uses such as fossil fuel storage, cooling towers, and water intake and
outfall structures; construction of navigation channels and docks for unloading coal, oil, and
other materials needed for operation of generators and equipment; discharge of toxic substances
from air emissions; cooling waters (e.g., chlorine); and from point and non-point-source
discharges emanating from impervious surfaces and coal and slag piles; discharge of thermal
discharges that may be lethal to flora and fauna, or that serve as attractants  that subject fish,
invertebrates, and marine mammals to thermal stress when changes in plant operation or weather
occur; and entrainment and impingement of living marine resources in which organisms
succumb to or are damaged as a result of  entrapment in intake structures or capture on screens.

Although relatively minor in its present scale, the commercial harvest of Sargassum from
coastal waters off North Carolina is of concern.  Sargassum weed lines and associated frontal
zones provide cover, trophic, and other attributes needed to sustain endemic fish and
invertebrates of the pelagic Sargassum community and associated fauna.  The weed lines may be
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especially important during early life stages of sea turtles and certain fish and they are important
sites for the North Carolina and South Carolina offshore recreational fishery.

The occurrence of methyl mercury in the flesh of the large piscivorous fish such as king
and Spanish mackerel and other large pelagic and demersal species such as amberjack, wahoo,
snapper, and grouper has been documented and is of concern largely with respect to human
consumption of these species (D. Engel personal communication).  The probable source of these
contaminants is atmospheric input from worldwide inventories associated with emissions from
incinerators, fossil fueled power plants, automobiles, and industry.  As such, the regulation of
surface water contamination from atmospheric pollution may require local, regional, and
international efforts.

Effects related to commercial development are similar to those from urban and suburban
development and the discussions in Section 4.1.1.4 apply.  Further, effects of shoreline
modifications such as beach nourishment are found in Section 4.1.2.3.

4.1.2.6 Natural Events/Global Change
Coastal processes may be dramatically altered by natural events.  These include shorter

term forces such as storms, hurricanes, floods, etc., and longer-term events such as global
warming and sea level rise.  Minor events can be beneficial, but severe events are almost always
substantial or catastrophic in terms of their environmental effect (see Section 4.1.1.10).  With
extensive development of the coastal zone, sea level rise can have serious consequences for
humans, EFH, and the fishery resources that rely on coastal habitats.  The eventual result of
global change is even less predictable.  However, it is evident that coastlines and related
ecosystems are changing and human activities may be involved and could largely frame the
outcome.  Considering the extensive level of coastal development in the coastal zone, even a
minor increase in sea level rise can have serious consequences for humans, EFH, and the fishery
resources that rely on coastal habitats.

4.1.2.6.1 Threats to EFH from Natural Events/Global Change
Potential threats: Coastal and inland storms can cause severe acute and chronic

perturbations including habitat erosion, burial by deposition of sediment onto submerged
bottoms; creation of strong currents that alter habitats and remove biota; damage by wind and
waves, elevation of turbidity that can cause physiological damage and disrupt feeding,
spawning, migration, and other vital processes; and abrupt changes in salinity and other water
quality characteristics such as fecal coliform levels. Long-tern climatological changes can bring
about similar changes by altering weather patters and through sea level rise which can inundate
habitats and cause depths that do not support existing habitats and biota (e.g., corals).  Large
scale ecological changes may also occur where temperature changes favor or harm a particular
species or group.  Changes that cause relocation of frontal boundaries, weed lines, and
stratification and temperature boundaries may also cause substantial and undesirable
environmental change.

Catastrophic storms can substantially alter nearshore and inner shelf environments.  Some
of these changes may be brief and insignificant while others may persist and affect the long-term
geological and ecological evolution of coastal environments.  How well coastal wetlands survive
climate change and resultant sea level rise depends upon the rate of relative sea level rise and
marsh accretion.  Relative sea level rise is a function of both land submergence and real water
level rise.  Since both processes lower land surface relative to water levels, it is often difficult to
separate the relative magnitudes of each.  Global estimates on sea level rise conceal a significant
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variation in relative sea level change found in various regions of the U.S., ranging from over 10
mm per year decline in the sea surface along the coast of southeastern Alaska to a 10 mm per
year rise along the northeastern Main and Louisiana coasts (Stevenson et al 1986).

In the face of rising relative sea level, coastal marshes may keep pace if vertical marsh
accretion increases sufficiently.  At the current rate of sea level rise, most coastal wetlands of the
East and Gulf Coast of the U.S. have kept pace with sea level rise (Stevenson et al 1986).  Out of
18 U.S. wetlands for which sufficient data on accretion rates and relative sea level rise are
available, only four sites (encompassing the Mississippi River Delta and Blackwater Marsh in
the Chesapeake Bay) have not accrued sediment fast enough to keep pace with relative sea level
rise.  Wetland response to sea level rise is determined largely by tidal range magnitude and, in
general, wetlands in regions with relatively small tidal ranges have lower rates of vertical
accretion because less sediment is transported by tidal action (Stevenson et al 1986).  By the
same token, coastal areas with higher tidal ranges are less vulnerable to sea level rise (Reid and
Trexler 1991).

Hurricanes play a critical role in the structure of both coral reef habitats and the organism
assemblage that use these habitats.  See Lirman and Fong (1997) for a recent summary of much
of this litterature relevant to the Florida Reef Tract.

Both sea level rise and changing water temperatures will influence U.S. coral reefs
located in southern Florida, on small isolated banks in the Gulf of Mexico off Louisiana and
Texas, and off Puerto Rico and Hawaii.  At current rates, sea level rise (1 to 2 mm/yr) does not
inhibit coral reef vertical growth, estimated to be roughly 10 mm/yr (Grigg and Epp 1989); sea
level rise under scenarios of global warming is likely to equal or exceed these limits (Reid and
Trexler 1991).

Coral bleaching, which involves the loss of the mutualistic algae living with the coral is
believed to stem from such stresses as sedimentation, pollution, or unusually cold or warm water
temperatures. With bleaching, energy needed for growth is insufficient and if  bleaching is
frequent protracted death may result (Goreau 1990a).  Coral bleaching has been observed
sporadically around the world for decades and was almost always linked to localized conditions
such as muddy river water plumes, or elevated water temperature.  In the past decade; however,
coral bleaching has taken place on an unprecedented and worldwide scale with bleaching
episodes occurring in 1980, 1983, 1987-88, and 1990 (Goreau 1990a, William and Williams
1990, Williams 1990).  In the Caribbean, all of the major bleaching episodes in the 1980's have
been associated with above-normal water temperatures (Goreau 1990b).

Water temperature increases of 2 to 3 degrees above normal can cause bleaching at any
latitude.  Corals may be able to adapt physiologically to gradual temperature increases, but rapid
increases, as presently predicted with global warming could cause coral die-offs.

4.2 Adverse Impacts of Fishing Activities on Essential Fish Habitat
4.2.1 Introduction

The Sustainable Fisheries Act requirement for identification of threats to EFH posed by
fishing activities will be addressed in a report by Peter Auster and Richard Langton that is being
prepared, under contract, for the NMFS.  A copy of the draft report (Auster and Langton 1998) is
is available and is included as Appendix M to this document.  Information relavant to the south
Atlantic contained in the final report will summarized and included in a later version of this
document.

The effects of fishing are the subject of numerous, mostly site specific and fishery
specific, investigations that focus largely on economic and social factors.  Most early fisheries
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management efforts deal with increased yields, gear, and identifying and locating new target
species and markets.  With the world wide decline of many fish stocks emphasis has shifted, in
recent years, to stock management and recovery.  This change in management emphasis has
gradually led to realization that reductions in the size and quality of fishery habitats have reached
critical levels.  It has also furthered the view that, in certain situations, fishing itself may be
profoundly changing the physical and biological character of fish harvest and life requisite areas.

Trawling and other fishing activities that involve direct contact between fishing gear and
the aquatic environment can alter the structural character of fish habitats.  When the change is
sufficient enough to preclude or limit use by fishery directed or target species, declines in catch
abundance and individual fish size may occur.  Although a clear cause and effect relationship is
evident, determination of the level of effect inducted by physical change may be complex.
Relevant factors, in addition to the magnitude of the direct physical change, may include
disturbance frequency and duration, seasonality, and other environmental, ecological, and
physiological processes that control recovery and recruitment of requisite species of the
community.  As noted by Auster and Langton (1998) “... mobile fishing gear reduced habitat
complexity by (1) directly removing epifauna or damaging epifauna leading to mortality, (2)
smoothing sedimentary bedforms and reducing bottom roughness, and (3) removing taxa which
produce structure (i.e., taxa which produce burrows and pits).”

As difficult and complex as restoring habitats and controlling fish harvest has proven to
be, success in these efforts still may not yield satisfactory results.  Environmental changes
brought about by physical alteration of substrates and changes in species composition may create
conditions that cannot sustain preexisting plant and animal assemblages or abundances.  As
noted by Auster and Langton (1998), population response (and successful fishery management)
may be linked to parameters that are closely correlated to...ecological relationships (and)
population response may be the result of  “(1) independent single-species (intraspecific)
responses to fishing and natural variation, (2) interspecific interactions such that as specific
populations are reduced by fishing, non-harvested populations experienced a competitive release,
(3) interspecific interactions such that as non-harvested species increase from some external
process, their population inhibits the population growth rate of the harvested species, and (4)
habitat mediation of the carrying capacity for each species, such that gear induced habitat
changes alter the carrying capacity of the area.”  As further implied by Auster and Langton
(1998), the magnitude of environmental or ecological change needed to affect a fishery may not
need to be monumental from a physical perspective.  After all, significant reductions in benthic
diatoms and microalgae can affect higher trophic levels.

In their conclusion Auster and Langton (1998) state, “...primary information is lacking
for us to strategically manage fishing impacts on EFH without invoking precautionary measures.
A number of areas where primary data are lacking, which allow better monitoring and improved
experimentation, ultimately leading to improved predictive capabilities, are:

1.  The spatial extent of fishing induced disturbance .  While many observer programs
collect data at the scale of single tows or sets, the fisheries reporting systems often lack this level
of spatial resolution.  The available data makes it difficult to make observations, along a gradient
of fishing effort, in order to assess the effects of fishing effort on habitat, community, and
ecosystem processes.

2.  The effects of specific gear types, along with a gradient of effort on specific habitat
types.  These data are the first order needs to allow an assessment of how much effort produces a
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measurable level of change in structural habitat components and the associated communities.
Second order data should assess the effects of fishing disturbance in a gradient of type 1 and type
2 disturbance treatments.

3.  The role of sea floor habitats on the population dynamics of harvested demersal
species.  While there is often good time series data on late juvenile and adult populations, and
larval abundance, there is a general lack of empirical information (except in coral reef, kelp bed,
and for SAV fishes) on linkages between EFH and survival, which would allow modeling and
experimentation to predict outcomes of various levels of disturbance.”

Auster and Langton (1998) further state that, “Recovery of benthic communities,
especially for sessile invertebrates, is dependent upon recruitment at the larval stages.  Two
aspects of this process that are necessary for success are 1) proximity of reproductively mature
adults, and 2) an undisturbed site for settlement and growth to maturity.  If the intensity of
fishing is too great then the possibility of a type 2 disturbance, where a small patch of
reproductive animals is isolated by large expanses of sea floor, exists.  The frequency of
disturbance is equally important because newly settled juveniles may be damaged or destroyed if
their settlement surface is perturbed at a critical time in their life cycle.  Fishing should therefore
be conducted with an intensity that does not create isolated benthic communities that are then
expected to recolonize an area if the objective is a sustainable level of harvest.  Similarly the
habitat requirements of the harvested species have to be taken into account, as suggested in terms
of 1 and 3 above, to insure that the habitat itself is not disturbed anymore frequently than is
required to maintain the integrity of the benthic community that supports the fishery.”

4.2.2 Gear Impacts and Council Action
4.2.2.1 Gear Used in Fisheries Under South Atlantic Council Fishery Management Plans 

The following is a list of gear currently in use (or regulated) in fisheries managed under
the South Atlantic Council fishery management plans.  In general if gear is not listed it is
prohibited or not commonly used in the fishery:

Snapper Grouper Fishery Management Plan
1. Vertical hook-and-line gear, including hand-held rod and manual or electric reel or

“bandit gear” with manual, electric or hydraulic reel (recreational and commercial).

2. Spear fishing gear including powerheads (recreational and commercial).

3. Bottom longlines (commercial).
- Prohibited south of a line running east of St. Lucie Inlet, Florida and in depths less than
50 fathoms north of that line.
-May not be used to fish for wreckfish.

4. Sea bass pots (commercial).
-May not be used or possessed in multiple configurations.
-Pot size, wire mesh size and construction restrictions.
-May not be used in the EEZ south of a line running due east of the NASA Vehicle
Assembly Building, Cape Canaveral, Florida.
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5. Special Management Zones (created under the Snapper Grouper FMP).
-Sea bass pots are prohibited in all Special Management Zones.
-Fishing may only be conducted with hand-held hook-and-line gear (including manual,
electric, or hydraulic  rod and reel) and spearfishing gear in specified Special
Management Zones, however, in other specified Special Management Zones a hydraulic
or electric real that is permanently affixed to a vessel (“bandit gear”) and/or spear fishing
gear (or only powerheads) are prohibited.

Shrimp Fishery Management Plan
1. Shrimp trawls -- wide-ranging types including otter trawls, mongoose trawls, rock shrimp

trawls, etc. (commercial).
-Specified areas are closed to trawling for rock shrimp.

Red Drum Fishery Management Plan
1. No harvest or possession is allowed in or from the EEZ (no gear specified).

Golden Crab Fishery Management Plan
1. Crab traps (commercial).

-May not be fished in water depths less than 900 feet in the northern zone and 700 feet in
the middle and southern zones.
-Trap size, wire mesh size and construction restrictions.

Coral, Coral Reefs, and Live/Hard Bottom Habitat.
1. Hand harvest only for allowable species (recreational and commercial).
2. Oculina Bank Habitat Area of Particular Concern

-Fishing with bottom longlines, bottom trawls, dredges, pots or traps is prohibited.
-Fishing vessels may not anchor, use an anchor and chain, or use a grapple and chain.

Coastal Migratory Pelagic Resource Fishery Management Plan
1. Hook and line gear, usually rod and reel or bandit gear, hand lines, flat lines etc.

(recreational and commercial).
2. Run-around gillnets or sink nets (commercial).

-A gillnet must have a float line less than 1,000 yards in length to fish for coastal
migratory pelagic species.
-Gillnets must be at least 4-3/4 inch stretch mesh.

3. Purse seines for other coastal migratory species (commercial) with an incedental catch
allowance for Spanish mackerel (10%) and king mackerel (1%).

4. Surface longlines primarily for dolphin.

Spiny Lobster Fishery Management Plan
1. Traps, hand harvest, dip nets and bully nets (recreational and commercial).

-Trap size and construction restrictions.

4.2.2.2 Physical Alterations
Commercial and recreational fishing can potentially stress the health of the coral or coral

reefs.  These fishing operations are directed at a multitude of finfish and shellfish that live near
or in coral habitats. Among the most important such species near outer bank reefs are snappers
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(Lutjanus spp. and Rhomboplites spp.), grouper (Mycteroperca spp.), and tilefish (Lopholatilus
spp.) (Bright and Pequegnat, 1974; Antonius, et al., 1978). Patch reefs and hard bottoms supply
habitat to comparably diverse fisheries stocks, including the fish listed above, plus stone crabs
(Menippe mercenaria), spiny lobsters (Panulirus argus), shrimp (Penaeus spp.), and many
others (Smith, 1976; Hopkins, et al., 1977; Davis, 1979, personal communication). Nearly all
areas in which corals live support some type of fishing venture. Tropical specimen collectors
harvest fish from areas with or without corals. Extensive tropical fish collecting may alter
ecological relationships. Fish collectors harvest mostly juveniles from waters less than 15 m (50
ft) deep (Feddern, 1979, personal communication). Fish populations in deeper waters and in
difficult collecting areas (e.g. coral reefs) may remain as recruitment reserves.

In addition to specific fishing-related stresses, fish gear impacts may also be an important
source of coral destruction both inside and outside state waters. Based on observations of the
industry and conversations with scientists in the field, these potential gear damages could include
shrimp trawling in hard bottom areas, calico scallop dredging, snapper-grouper trawling,
shrimpers trawling for lobsters, lobster pot fishing, and reef fish traps. In each case, the gear is
equipped with weights or chains that may physically damage corals and associated biota.
Geographically, these activities occur in the northeastern and eastern Gulf of Mexico (shrimp
trawling, scallop dredging), the shelf off western Florida between St. Marks and Tarpon Springs
(trawling), Florida Middle Grounds near parts of Tarpon Springs and Madeira Beach (snapper
and grouper), the Florida Keys (lobster potting, lobster trawling, fish traps), off northeastern
Florida and Georgia (rock shrimp, brown shrimp), and off Georgia and South Carolina (shrimp
trawling, snapper-grouper trawling). The potential impacts include disruption of the hard bottom
communities inhabited by the silt-tolerant corals (Solenastrea, Oculina, and Siderastrea),
sponges, shellfish, and finfish in the Gulf and off the southeastern states; physical harm to coral
reefs that have fish or shellfish traps dropped on, dragged through, or swept into them; and
possible biological harm to the reef associated biota (e.g., lobster pot removal of adult tropical
fish and fish trap removal of resident reef species). The opinion that lobster traps are harmful to
hard bottom areas when they are fished with excessively long buoy lines has been expressed.
These practices in shallow waters entail dragging the traps across the bottom during retrieval.

Bottom longline fishing for snapper and grouper had expanded in the management area
as a result of economic stress in other fisheries. Lines were frequently set adjacent to coral reefs
where reef fishes congregate. They are not normally set across the reefs because of potential loss
of the gear. An increased use of stronger wire cable for longline allows use of the gear over hard
bottom with less risk of gear loss, but with more potential for habitat damage. Jaap (1981,
personal communication) has identified two species of corals brought in by bottom longline
fishermen.

Significant user conflict developed between traditional reef fish fishermen and roller
trawl fishing vessels off Daytona Beach. The former claims that roller trawls are destroying the
habitat, including Oculina varicosa coral banks.

Tunnicliffe (1980) reported coral damage in Jamaica where large fish traps thrown on the
reefs caused much breakage and death of corals. Similarly, a Florida fish trap study (Taylor and
McMichaels, 1981, personal communication) reported coral pieces, some identified as staghorn
in traps, indicating that wire traps will break some fragile corals.

The impact of fishing activities on coral via incidental catch has been studied by the St.
Petersburg laboratory of the Florida Department of Natural Resources. The study, sponsored by
the National Marine Fisheries Service during 1978, consisted of onboard sampling of collections
from 196 shrimp trawls on the shelf off western Florida, between Apalachicola and Dry
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Tortugas. Results showed soft corals (Renilla) in 25 of the 196 trawls, with most of those trawls
in the northern Gulf region near Apalachicola. The quantity of corals per trawl ranged from only
a few pieces to about 25.

Impacts from fishing may be categorized as physical or chemical. Physical impacts may
result from gear damage or simply gear use. Nets and pots may be lost on reef outcroppings as
seen near Dry Tortugas and at the Sambo Reefs In the Keys (Bright and Jaap, in press). Hand
fishing by spear or lobster loop may result in overturned coral heads or damaged corals from
diver contact. Hook and line fishing may affect corals to a limited extent, but not nearly so much
as towed or emplaced gear. Lobstering with traps directly on corals is a rare, accidental
occurrence that can damage fragile species (Acropora cervicornis or staghorn coral) or large
brain corals like Diploria (Bright and Jaap, in press). Lobsters and other reef residents may also
be collected by stunning with poisons or explosions. Jaap and Wheaton (1975) conducted field
studies on acetone, quinaldine in an acetone solution, and Chem-Flsh-Collector (a commercial
rotenone preparation) and also reviewed the literature on anesthetics and poisons. Their field
studies on gorgonians and scleractinians at Eastern and Western Sambo Reefs off Boca Chica
Key, Florida, revealed that rotenone and quinaldine often induced coral polyp retraction and
occasionally caused tissue discoloration. The scleractinians Acropora cervicornis, A. palmata,
Siderastrea siderea, Diploria strigosa, and Dichocoenia stokesii were damaged by the rotenone
(Jaap and Wheaton, 1974). Several gorgonians and other test corals were not affected by the
chemicals at the test levels. Associated reef species such as the urchin, Diadema antillarum and
some crabs and shrimps, vacated the treatment area or died. Quinaldine and bleach are used to
stun or drive out mobile animals to ease live capture; rotenone is a toxicant when used in
sufficient doses (Jaap, 1979, personal communication). In the Bahamas, chlorine bleach fishing
among corals was a common practice of fishermen. Often, a characteristic pattern of infection
ensues whereby zones of the blue-green algae, Oscillatoria submembranacea, the bacteria,
Desulfovibrio and Beggiatoa invade the stressed coral tissues (Campbell, 1977).  Explosives may
be used in some areas to collect fish (Ronquillo, 1950; Christian, 1973) or move coral rock, but
its damage to living corals has never been adequately quantified (Johannes, 1975). Explosives do
not appear to be in use at this time, but were used at Carysfort Reef near Key Largo from about
1900 to the early 1950s (Shinn, 1979, personal communication). Damage throughout that period
was severe but recovery since the 1950s has resulted in no visible effects of the blasting.

Lastly are the possible impacts of artificial fishing reefs. Throughout the management
area, fishing associations, state resource agencies, and private groups have built artificial reefs on
the inner continental shelf. In many instances tires have been the primary reef building blocks.
Problems arise, however, when the bundles of tires weighted with concrete break loose from
their mooring and roll about unanchored. In Monroe County, Florida, near Coffins Patch Reef
off Marathon, the damage to coral has been so severe that the tires were removed (Richard
Heibling, personal communication). A similar problem occurred off Fort Myers, Florida (Casey,
1979, personal communication). The problem appears to be proper placement of the reef and not
the construction, Although the untethered tires are doing much damage, artificial reefs firmly
attached do provide valuable habitat for many fishes.

4.2.2.3 Fish Traps
4.2.2.3.1 Trap Loss and Ghost Fishing
TRAP LOSSES (from Kelly, 1990 as summarized in SAFMC 1991a)

There are many reasons why fish traps are lost both inshore and offshore.  A common
reason is gear failure, which includes pot warp (line) parting, the buoy separating from the pot
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warp or the buoy breaking up.  This gear failure can be caused by normal wear and tear,
powerboat propellers, and sea turtles or sea gulls biting the buoys or pot warp.  Theft is also a
major cause of lost traps in many areas.  Losses occur because of setting the traps too deep or on
too steep a slope.  Storm surge and wave action can cause loss of traps, particularly in shallow
inshore waters.  Traps without buoys are less susceptible to storm damage, but may be moved
from a site by currents or wave action and become unretrievable.  In coralline areas, the buoy
lines may become entangled on coral, chafe, and break.  Offshore, losses are primarily caused by
large vessels cutting or dragging gear, gear failure, and storms.  Strong currents submerging
buoys or sweeping traps away from the locations where they were set and traps becoming
entangled with other fishing gear and anchors have also been cited as causes of trap loss.

The percentage of traps lost varied considerably among studies by both area and depth
fished.  Wolf and Chislett (1974) reported pot losses of 10-20% per trip in exploratory efforts in
deep water shelf edges in the Virgin Islands.  They attributed these losses to pots tumbling down
steep slopes.  While trap fishing off Boca Raton, Florida, Craig (1976) had a trap loss
approaching 20% for a period of six months, with at least some loss due to theft.  In Broward
County, Florida trap fishermen, had an average of 20.3% annual loss due mainly to strong
currents, entanglement and theft.  Dade County, Florida trap fishermen reported losing 1-5 traps
per trip, with an annual loss of 100%.  Losses were due to theft or loss of buoys.  Traps (sic) theft
was such a problem that traps were brought back to port at the end of each fishing day in Dade
(Sutherland and Harper, 1983).  Munro (sic) County, Florida trap fishermen had estimated
average annual trap losses of 63%.  The losses were mainly from currents and severance of
buoys by large ships in deep water and from vandalism inshore.  Trap loss was not a problem in
Collier County, Florida with an annual loss of only 5%.  This was possibly due to the fact that
fishermen brought back traps to the dock after each trip (Taylor and McMichael, 1983).  About
85% of traps used off Key Biscayne, Florida in a study on mesh selectivity by Sutherland et al.
(1987) were lost with most losses attributed to theft.  Trap loss due to theft and vessels cutting of
fouling lines was reported as a major problem in the Virgin Islands (Swingle et al., 1970; Olsen
et al., 1974; Sylvester, 1972).

In Jamaica, Munro and Thompson (1973) had such a theft problem in their study that the
use of buoyed traps had to be abandoned.  While losses due to theft, storms, and vessels can not
easily be controlled, the trap fishermen can inspect gear frequently for wear and tear and use
more durable materials.

GHOST TRAPS AND DERELICT TRAPS (from Kelly, 1990 as summarized in SAFMC 1991a)
Fish traps that fishermen cannot locate and retrieve or that are abandoned, but still

capable of catching fish, are referred to as ghost traps.  Ghost traps have long been a subject of
concern, but opinions have changed considerably since Olsen et al. (1978) made their
observations.  They noted that if traps were lost, mortality of juvenile and forage species could
decimate a fishing ground.  They suggested that considerable mortality could take place over the
1-2 years before the mesh corroded away, and indicated corrosion time would be longer and
mortality would be greater for small sizes of mesh.  A more recent study made by Harper and
McClelland (1983) estimated the average fishing life of eight traps observed off Key Biscayne to
be from 5.5 to 157 days before becoming unable to capture fish.  While the decay and catch rates
of ghost traps are not well documented, at least some evidence indicates that lost traps quickly
become damaged and ineffective (Sutherland et al., 1978).  Most of the reports of injury and
mortality of ghost traps appear to be anecdotal.  However, an underwater video was presented to
the South Atlantic Fisheries Management Council on June 11, 1990 that documented dead and
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injured fish in ghost traps in the Florida Keys.  The video was presented by Fernand Braun in an
effort to persuade the council to ban fish traps.  Also, in the Harper and McClelland (1983)
study, 19.2% of the 130 fish known to enter their traps were reported to die.

Derelict traps are lost or abandoned traps that are incapable of catching fish due to
structural damage or deterioration.  Derelict traps have small holes or breaks in the wire mesh,
gaps between ceiling and floor panels and walls, or entire panels deteriorated or missing
(Smolowitz, 1978).

Traps become derelict in a number of ways.  Predator damage, wire mesh corrosion,
escape windows opening, and materials fastened to escape devices decomposing have all been
documented.

Munro et al. (1971) speculated that lost traps that have accumulated large numbers of fish
may be attacked and rendered ineffective by large predators such as nurse sharks
(Ginglymostoma cirratum).  Harper and McClelland (1983) found the funnel openings enlarged
with the prongs bent back and speculated that the damage was by large predators attempting to
escape.  Seams were also split by predators such as cubera snapper (Lutjanus cyanopterus), great
barracuda (Sphyraena barracuda), yellow jacks (Caranx bartholomae), and lemon sharks
(Negaprion brevirostris) in Harper and McClelland's study.  He found mortality of these large
predators to be high.  In Craig's study (1976) escapement through trap holes caused by predators
became a problem if traps were not hauled after 5 or 6 days.  Fish are rarely caught in traps with
holes or breaks in the mesh (Craig, 1976; Sutherland and Harper, 1983; Ward, 1983).  Even
small holes or breaks in the wire mesh apparently render them ineffective as fish traps.

Using a submersible for observation, Sutherland et al. (1983) found juvenile fish
numerous in and around derelict traps.  The derelict traps and other man made objects appeared
to serve as artificial reefs on "barren" sand sea floor areas (Sutherland et al. 1983; Harper and
McClelland, 1983).  Sutherland et al. (1983) observed that fish were absent or rare near traps on
or adjacent to reefs.

TRAP DESIGN AND GHOST FISHING (from Kelly, 1990 as summarized in SAFMC 1991a)
Various methods have been proposed to alleviate the concerns of ghost traps.  Since trap

design is one of the keys as to whether a ghost fishing situation will be created (Smolowitz,
1978), many of these methods deal with trap design.  Designs to prevent ghost fishing were
primarily developed for northern or temperate invertebrate (lobster) fisheries.

Degradable sections of hinges that rot in a specified time period are one such design
requirement that has been adopted by both the Gulf of Mexico and South Atlantic Fishery
Councils.  When the degradable link fails, the trap no longer fishes.  The self destruct devices are
designed to prevent or reduce ghost fishing without reducing efficiency of the trap or
significantly increasing the costs.

Kumpf (1980) conducted a limited experiment to determine the durability and suitability
of 4 types of materials for self-destruct devices that were inexpensive, available locally, and
simple to replace.  He tested unoiled jute, sisal, 16 gauge, and 18 gauge galvanized wire in his
experiments.  The unoiled jute and sisal lasted 42 days while the galvanized wire was still intact
at the end of the 120 days of the testing.  He noted the galvanic couplings with a short life spans
(sic) are available or could be manufactured if there was a sufficient demand.

Several problems are encountered in the use of self-destruct panels and hinges.  They are
not readily accepted by fishermen because of possible catch losses and the time lost in repair or
replacement.  The trap may land with the degradable panel facing down.  And, time for
degradable panels or hinges to deteriorate may be longer than predicted.  Corrosion of metal
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hinging materials occurs more slowly in colder, slower moving water and biodegradable
materials take longer to break down in deeper water where there are fewer organisms to attack
the materials.

Gordon Sharp, a Florida Marine Patrol officer in Key West, stated that he found 95% of
the traps he has seized in areas closed to trap fishing to be constructed illegally.  The primary
construction violations he found were uses of non-degradable hinge materials such as rubber,
nylon or stainless steel, or the use of illegal thicknesses of jute.

Escape vents for sublegal fish are another design element demonstrated to reduce the
catch of and damage to sublegals (Smolowitz, 1978).  Smolowitz also noted other advantages to
the use of sublegal vents such as improving the quality of the catch and increasing trap
efficiency.  Fewer fish in the traps should result in fewer injuries, and in areas with large
populations, sublegal escape vents should allow more legal sized fish to be caught.

One design feature that has received little attention is the trap funnel.  The funnel size,
shape, mesh size, and type of funnel (straight or horseneck) all have effects on retention of
trapped fish and would therefore have an effect on the ability of a ghost trap to retain fish (see
trap design and structure).

4.2.2.3.2 Prohibition of Fish Traps
The Council prohibited the use of fish traps in the South Atlantic EEZ; however, black

sea bass traps may be used north of Cape Canaveral (Vehicle Assembly Building, 28° 35.1' N
Latitude).

Traps are inexpensive, easily constructed, easy to use and require little skill (although the
most successful fishing depends on skill in locating productive fishing grounds), fish unattended,
catch a wide range of species not caught by other gear, allow economic exploitation of low
density fish stocks, allow fishing where other methods are uneconomical or have become
uneconomical because of overfishing and are able to be fished over a wide range of depth,
bottom types and conditions.  On the other hand, traps are bulky, result in trap loss and ghost
fishing, catch species that were not traditional food fish, are fished near live bottom causing
habitat damage, result in a bycatch of which a portion dies upon release, result in gear and user
group conflict, and existing regulations are extremely difficult or impossible to enforce.

The Council concluded that the issue of traps is a critical issue to the State of Florida and
in the long term to the entire South Atlantic as well.  Florida deliberated the issue of traps for
many years and the Florida State Legislature prohibited the use of fish traps in 1980.  There have
been many problems since then due to the inconsistency between state and federal regulations.
The snapper grouper resource off the Florida Atlantic coast has continued to decline.  The
snapper grouper stocks are more overfished off Florida than they are anywhere else in the South
Atlantic.

The Council concluded that if they cannot prohibit fish traps, they will never be able to
stop overfishing of the snapper grouper resource.  The Council concluded that traps are non-
selective by size and by species (e.g., red grouper recruit to the hook and line fishery at around
19" and to the trap fishery at around 11").  Bohnsack et al. (1989) do note that modifications to
mesh size will alter the size of fish caught.  They noted that total value, species caught, number
of individuals and mean total weight per haul declined with meshes larger or smaller than 1.5"
hexagonal mesh.  The mesh sizes required to correlate with the 20" minimum sizes would be so
large as to result in de facto prohibition on use of fish traps.

Traps unnecessarily kill an abundance of tropical fish because they harvest angel fish,
tangs, parrot fish, etc.  The Council has based this conclusion on input from commercial and
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recreational fishermen and from processors and dealers.  In addition, information contained in
Bohnsack et al. (1989) document the catch of these species.  Unfortunately, these species were
not recorded separately in the commercial landings data until recently, thus the commercial
landings data are not available to quantify the extent to which catches of these species have
increased.

Since March 1, 1991 the State of Florida has prohibited the harvest of tropical fish:  "The
purpose and intent of this Chapter is to protect and conserve Florida's tropical marine life
resources and to ensure the continued health and abundance of these species.  The further intent
of this Chapter is to ensure that the harvesters in this fishery use non-lethal methods of harvest
and that the fish, invertebrates and plants so harvested be maintained alive for the maximum
possible conservation and economic benefits."  Allowing fish traps in federal waters would make
Florida's regulations difficult, if not impossible, to enforce and would not address Problem #5
which is, that "the existence of inconsistent state and federal regulation makes it difficult to
coordinate, implement and enforce management measures and may lead to overfishing.
Inconsistent management measures create public confusion and hinder voluntary compliance."

The way in which fish traps were used made enforcement extremely difficult.  All other
kinds of fishing gear are eventually brought back to the dock where they can be examined by
state marine patrol officers or other law enforcement personnel.  Once traps are placed in the
water, they were seldom are brought back to the dock.  Testimony documents the various kinds
of violations recorded in the Key West area (e.g., biodegradable panel requirement violations).
The loss of traps was high ranging from 20% to 63% and in certain sectors trap loss may be as
high as 100%.

The SAFMC Law Enforcement Committee and Advisory Panel were established to
advise the Council on enforceability of various management approaches.  They noted that the
existing system is difficult to enforce and is incompatible with Florida state law, that the 100 foot
contour limitation is difficult to enforce and that poaching is a big law enforcement problem in
the fish trap fishery.  These two bodies recommended to the Council that a total prohibition on
use of fish traps in the South Atlantic EEZ was the most enforceable of all alternatives
considered.

The enforcement issue was summarized by Kelley (1990):  "Enforcement is the largest
problem of all.  There are widespread abuses of the regulations governing the use of fish traps.
There seems to be no effective way to enforce regulations in a fishery, such as trap fishing,
where gear can't be observed readily by enforcement officials.  The largest present day problems
in the Florida Keys and South Florida are the extensive trap poaching and the use of illegally
constructed or deployed traps."  In addition, Officer Gordon Sharp (a Florida Marine Patrol
officer in Key West) presented information at public hearings and Council meetings indicating
the great difficulty in enforcing existing regulations and noted a large number of violations of
existing regulations.

The Council recognized that gear that is not brought back to shore at the end of a fishing
trip makes enforcement extremely difficult.  The Council considered other, less drastic measures
that would allow traps to be used but concluded that the at-sea enforcement required to
effectively monitor and ensure compliance with existing regulations does not and will not exist.
Therefore, the Council was persuaded that nothing short of a total ban would be enforceable.

Continued use of such highly efficient gear in a stressed fishery is no longer biologically
tolerable.  Thirteen of 27 snapper grouper species identified in Amendment 4 are documented as
overfished with SSRs of less than 30%.  Although insufficient data are available to determine
SSRs for the remaining 15 species, they are also thought to be overfished.  From a
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socioeconomic perspective, continued use of fish traps will result in a small group of fishermen
removing a disproportionate share of the available fish, thus precluding their use by all other user
groups at best and at worst leading to overfishing.

There is evidence that fish trapping causes habitat damage where fish traps are set in
trawls on live bottom and where grappling hooks are dragged across live bottom to retrieve them.
Testimony and video records of damaged Oculina reefs off Palm Beach County, provided to the
Council at the February 1991 meeting, depicted significant and measurable damage to coral reef
and live bottom communities.  These activities leave an imprint of the trap upon the bottom
communities and trenches caused by grappling hooks dragged over the bottom for the purpose of
locating and recovering traps.  Lost traps not only continue to fish, as it has been pointed out in
the ghost trap discussion, but may contribute considerable secondary habitat damage by
becoming mobilized at times of storm activity and impacting delicate bottom communities.
These problems cannot be alleviated by trap design modifications even if such modifications
could be enforced.

The affect of selective removal of herbivores on the health of coral reefs was discussed
LaPointe (1989).  These species were harvested by fish traps more frequently than by hook and
line gear.  Again, due to the fact that commercial statistics did not record these fish by species,
data was unavailable to document the level of harvest by fish traps or by hook and line.

Prohibiting fish traps was determined to be consistent with Florida's Coastal Zone
Management Plan.  Also, internationally, a number of countries (e.g., Bermuda) have tried to
manage fish trap gear only to end up prohibiting their use.  Bermuda has managed their snapper
grouper fishery for a number of years and imposed a limited entry system with trap limitation.  In
addition, modifications to mesh size were also attempted.  The Bermudian Government
concluded that regulation the fish trap fishery was not effective and recently imposed a total ban
on use of fish traps.  The Council concluded that a total prohibition on the use of fish traps was
the most effective alternative to address the stated problems and to achieve the plan's stated
objectives.

4.2.2.4 Entanglement Nets (summarized from SAFMC, 1991a)
Catch by entanglement nets during 1988 was 1,398 pounds from North Carolina through

Georgia (less than 1% of the combined state catch) and 253,739 pounds from the Florida East
Coast (6% Florida East Coast catches).  Much of the Florida landings are from a directed stab net
fishery for gray snapper that operates in the EEZ.  The Gulf Council and the State of Florida
have prohibited entanglement nets.  Florida regulations read as follows:  “No person shall
harvest in or from state waters any snapper of the family of Lutjanidae or any member of the
genera Epinephelus or Mycteroperca by or with the use of any gear other than those types of
gears specified in SubSection 1, provided however that snapper and grouper harvested as an
incidental bycatch of other species lawfully harvested with other types of gears shall not be
deemed to be unlawfully harvested in violation of this section, if the quantity of snapper/grouper
so harvested does not exceed the bag and possession limits as specified elsewhere.”  The South
Atlantic Council's actions track the Florida regulations in intent with respect to limiting
possession to the bag limit and for species without a bag limit, no possession is allowed.  Florida
prohibited entanglement nets because it is an inappropriate gear to use on live bottom.  Some of
the reef fish are not necessarily found on the live bottom, however, many are and fishermen use
stab nets to catch gray snapper on the live bottom areas.
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The Council has concluded that entanglement nets are not an appropriate gear for the
snapper grouper fishery and the prohibition will prevent use and/or expansion from North
Carolina through Florida's East Coast.

Entanglement  nets targeting species other than those included in the management  unit
are limited to the bag limit if the species is under a bag limit, and if no bag limit is applicable,
then no retention is allowed.

4.2.2.4.1 Prohibition on the Use of Entanglement Nets
The Council prohibited the use of entanglement nets (including, but not limited to, gill

nets and trammel nets) for the harvest of species in the snapper grouper management unit in
Snapper Grouper Amendment 4 (SAFMC 1991a).  The simultaneous possession of entanglement
nets and species in the management unit is prohibited.

4.2.2.5 Bottom Longlines (summarized from SAFMC 1991a)
4.2.2.5.1 Prohibition on the Use of Bottom Longlines in the Wreckfish Fishery

The Council prohibited bottom longlining in the wreckfish fishery in the entire South
Atlantic EEZ (SAFMC 1991a).  Bottom longline is defined as a stationary, buoyed, and
anchored groundline with hooks attached.  Regulations are written to prohibit simultaneous
possession of wreckfish and all the necessary components for bottom longlining.

In February 1991 the South Atlantic Council requested an emergency prohibition of
longlining for wreckfish (i.e., prohibit the simultaneous possession of wreckfish and operable
bottom longline gear and prohibit use of bottom longlines).  The 1991/92 fishing year was to
begin on April 16 and the Council requested that the prohibition be in place by April 16.  This
same action was included in Amendment 4 which would not be implemented prior to the April
16 start of the fishing year.

The Council was concerned about wastage of fish, gear loss, gear conflict, habitat
damage and negative economic effects (both short and long run) attributable to the use of bottom
longline gear in the wreckfish fishery.  The bottom habitat on the wreckfish fishing grounds,
which comprise an area of the Blake Plateau of approximately 50-75 square nautical miles, is
characterized by a rocky ridge system having a vertical relief greater than 50 meters and a slope
greater than 15° (SAFMC 1993).  The depth range in this area is 450-600 meters; the substrates
in areas of the Blake Plateau exhibiting significant relief are generally characterized as composed
of manganese phosphate pavements, phosphorite slabs and coral banks (Pratt and McFarlin,
1966; Stetson et al, 1969).  This high relief, in conjunction with the strong tidal effects, makes
gear loss probable (as reported by fishermen who have already tried longlines in the wreckfish
fishery) which results in the loss of all fish on the gear as well as those which get hooked
subsequently.  Testimony from fishermen indicated gear loss on wreckfish longline sets was as
great as 100% of the gear taken out on a single trip.  According to accounts from fishermen,
extensive lengths of lost longline gear have been observed on their fathometers.  Fishermen can
apparently see fish hooked on parted longline gear but are unable to recover the parted gear and
its catch.  Wreckfish fishermen use circle hooks that virtually prevent fish from working the
hook free.  The Council recognized that there was also some ghost fishing potential from lost
vertical gear but believes that the extent of potential loss with vertical gear is much smaller by
virtue of the fewer number of hooks used and the greater control over the gear.

Although the area is 50-75 square nautical miles, virtually all wreckfish fishing takes
place along limited, high relief ledge areas within this area because wreckfish are found along
the ledges and are not evenly distributed over the wider area.  The sub-areas that produce
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wreckfish are typically 300 yards wide and 1 - 4 nautical miles long.  Thus far, fishermen fishing
vertical drop gear have been able to work in relatively close proximity without any major
conflicts.  If bottom longlines had been allowed to be used in this area, vessels would have not
only lost gear due to the rough bottom, but this lost gear would create a hazard for those using
vertical lines which would result in loss of that gear.  This problem would have become
progressively worse over time as more gear was lost, the more hangs were created for both
longline and vertical gear, creating even more gear loss.  This condition could have continued
until much of the ground is unfishable.  The wire cable that is used will remain a hazard for
many years as the rate of decay  is slow.  While extensive hangs may ultimately provide
protection for the resource due to much of the fishing grounds being unfishable, it may well
result in the loss of the fishery.  The use of longlines will result in gear losses to vertical hook
and line fishermen that far exceed their losses prior to the introduction of longlines.  This will
serve to reduce benefits to those fishing with the traditional vertical gear.

The potential for gear entanglement and gear conflict also raised the issue of vessel
safety.  It was the Council's opinion that this situation would have lead to conflicts that
jeopardize the safety of the vessels and fishermen participating in the wreckfish fishery.

Longline cable on the bottom has the potential to break some of the ledges, overhangs
and associated organisms, and otherwise damage the habitat on which the wreckfish depend.
Habitat damage caused by the longlines would violate the SAFMC habitat policy and should be
avoided.

The wreckfish fishery has employed efficient vertical gear since its inception, and the
addition of longlines would have eroded benefits to the majority of fishermen and adversely
impact the resource and habitat.  If longlines had been allowed, then all or at least many
wreckfish fishermen may have been forced to adopt the gear in order to compete resulting in
more gear loss from parted longlines.

The Council determined that bottom longlines were not in the best interest of the
wreckfish resource, habitat, fishermen or society at large.  Further, the problems outlined
justified prohibiting this gear/fishing method in the wreckfish fishery.

4.2.2.5.2 Use of Bottom Longlines in the Snapper Grouper Fishery (summarized from
SAFMC 1994)

The Council prohibited the use of bottom longline gear for snapper grouper in the South
Atlantic EEZ within 50 fathoms (SAFMC 1994).

Catch by bottom longlines during 1988 was 470,306 pounds from North Carolina through
Georgia (6% of the combined state catches) and 576,310 pounds from the Florida East Coast
(13% Florida East Coast catch).  The Council was concerned about the use of bottom longline
gear targeting species in the snapper grouper management unit in live bottom areas.  Habitat
damage and intense competition among users are problems that arise when this gear is used
within 50 fathoms where significant live bottom occurs and where competition with hook and
line vessels occurs.  The Council concluded that this gear is appropriate for use in the deep-water
snowy grouper/tilefish fishery where much of the bottom is mud with sparse live bottom areas.
Allowing use of this gear deeper than 50 fathoms would preserve the traditional fishery which
takes place in deeper water out to 50 fathoms.  Based on information from South Carolina, up
until 1983 the snapper grouper fishery was limited to vertical hook and line or bandit reels.
Bottom longlines were introduced in the Gulf of Mexico after hook and line gear became less
effective due to decreases in resource abundance; use of the gear grew rapidly.  Up until this
point there has been no gear prohibition on bottom longlines.  After the golden tilefish and
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snowy grouper fisheries were developed, bottom longlines became the predominant gear, again
as resource abundance declined.  For species like snowy grouper and tilefish, it was not very
efficient to use vertical hook and lines as the resource abundance declined from unfished levels.
As the tilefish and snowy grouper stocks off South Carolina declined, the number of people
using longlines decreased.  Off South Carolina virtually all of the golden tilefish occurred well
outside the 50 fathom mark and there was more than enough gear to adequately harvest these
resources in the mid-depth zone.  Vertical lines are much more environmentally acceptable and
less damaging than bottom longlines.

This regulation essentially segments the mid-shelf and the deep-water complex to the
bottom longlines.  This measure was supported during the public hearing process and the
Council concluded that prohibiting use of longline gear within 50 fathoms will prevent the
problems of habitat damage and intense competition while at the same time allow fishermen
using this gear to continue fishing in deeper water.  This action effectively limits longlines to
targeting the deep water component of the snapper grouper fishery and keeps the use of longlines
outside of the rough bottom habitat.

The Council very briefly considered moving the line in to the 40 fathom contour but was
concerned that there are substantial Oculina coral banks along this depth zone.  It was further
noted that the 50 fathoms was a compromise from the 100 fathom contour (which was
mentioned) and that the 50 fathom contour effectively separates the inshore and deep water
snapper grouper complexes.

4.2.2.6 Bottom Trawls
4.2.2.6.1 Prohibition on the Use of Bottom Trawls (from SAFMC 1987)

The use of trawl gear to harvest fish in the directed snapper grouper fishery south of Cape
Hatteras, North Carolina (35°15' N. Latitude) and north of Cape Canaveral, Florida (Vehicle
Assembly Building, 28°35.1' N. Latitude) is prohibited (SAFMC 1987).  A vessel with trawl
gear and more than 200 pounds of fish in the snapper grouper fishery on board will be defined as
a directed fishery.  The amendment also establishes a rebuttable presumption that a vessel with
fish in the snapper grouper fishery on board harvested its catch of such fish in the Exclusive
Economic Zone.

The Council based the trawl prohibition on habitat destruction and the desire to prevent
overfishing of vermilion snapper.  Fishes present in live bottom areas are described by Grimes et
al. (1982) and include 113 species representing 43 families of predominantly tropical and
subtropical fishes.  Vermilion snapper were more abundant on the shelf edge than on the open
shelf (Grimes et al., 1982).  Miller and Richards (1980) described the distribution of live bottom
habitat in the South Atlantic Bight and reported the most productive area of the shelf for
commercial reef fish as being in the open shelf zone between 33 and 40 meters.  Parker et al.
(1983) reported on a survey of the areas from Cape Canaveral, Florida to Cape Fear, North
Carolina and from Cape Fear to Cape Hatteras, North Carolina.  From Cape Hatteras to Cape
Fear 14,486 square km between 27 and 101 m were surveyed and contained 2,040 square km
(14%) of reef habitat of which only 204 square km (10%) had one meter or more relief (distance
from the highest point of the live bottom to the ocean floor).  In the area from Cape Fear to Cape
Canaveral, 24,826 square km between 27 and 101 m were surveyed and contained 7,403 square
km (30%) of reef habitat of which 1,743 square km (7%) had one meter or more relief.  The
Oregon II cruise report (Anon, 1978) supports the scattered nature of live bottom in the South
Atlantic from Cape Canaveral, Florida to Cape Hatteras, North Carolina.  The Fishery
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Management Plan reported that in terms of the entire shelf area, current data suggest that from
three to 30 percent of the shelf is suitable bottom for snapper grouper species (SAFMC, 1983a).

The report on effects of a research trawl on live bottom (Van Dolah et al., 1987)
documents that habitat damage does occur from the use of trawl gear even in the case of one pass
through an area in a controlled study.  The abstract is as follows:

"The effects of a research trawl on several sponge and coral species was assessed in a shallow-
water, hard-bottom area located southeast of Savannah, Georgia.  The study entailed a census of
the numerically dominant species in replicate 25-m2 quadrants located along five transects
established across a trawling alley.  The density of undamaged sponges and corals was assessed
in trawled and non-trawled (control) portions of each transect immediately before, immediately
after, and 12 months after a 40/54 roller-rigged trawl was dragged through the alley once.  Some
damage to individuals of all target species was observed immediately after trawling, but only the
density of barrel sponges (Cliona  spp.) was significantly reduced.  The extent of damage to the
other sponges (Ircinia campana, Haliclona oculata), octocorals (Leptogorgia virgulata,
Lophogorgia hebes, Titanideum frauenfeldii) and hard corals (Oculina varicosa) varied
depending on the species, but changes in density were not statistically significant.  Twelve
months after trawling, the abundance of specimens counted in the trawled quadrants had
increased to pre-trawl densities or greater, and damage to the sponges and corals could no longer
be detected due to healing and growth.  Trawl damage observed in this study was less severe
than the damage reported for a similar habitat in a previous study.  Differences between the two
studies are attributed to (1) differences in the roller-rig design of the trawls used, and (2)
differences in the number of times the same bottom was trawled."

The authors point out that in a study by Tilmant (1979) looking at the effects of
commercial bait shrimping with roller-frame trawls in a shallow-water area of Biscayne Bay,
Florida damage was much more severe: "Tilmant observed severe damage (specimens crushed or
torn loose) to more than 80% of the stony corals, 50% of the sponges and 38% of the soft corals
along the trawl path."  It should be noted however, that this frame trawl consists of a solid,
rectangular frame to which a net is attached and is used to fish grass bed areas; it was not
designed to "roll over" live bottom and would be expected to cause significant damage to corals,
etc.

Importantly, habitat damage described by Van Dolah et al. (1987) resulted from one tow
of trawl gear through the study area.  That study was designed to evaluate the effects of a
research trawl that does not typically cross the same bottom area more than once.  Commercial
trawling does not operate in this manner.  Under commercial fishing conditions, a live bottom
area would be fished over and over until the catches from such an area become unprofitable.
Under such conditions, habitat damage would be expected to be much greater than is indicated
from the above study.

The Oregon II cruise report (Anon, 1978) indicated that drags with a trawl yielded a total
catch of 476 pounds which included 424 pounds of finfish and 46 pounds of sponges and corals
(10 percent of the total catch).  This area was reported to have been on a mud bottom but turned
out to be a low profile live bottom of sand ridges, clumps of sponges and scattered corals.
Further indication of habitat damage is reported by Wenner (1983):

“The 3/4 Yankee trawl net effectively covers a much wider area of the bottom than the measured
sweep (8.7 m) due to the configuration of the otter doors, ground cables, and bottom leg lines.
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Although this arrangement cannot increase the actual spread of the net beyond the headrope
length, the passage of these cables over the substrate creates a disturbance that serves to herd fish
in the path of the net (Baranov 1969).  This net does, however, damage the sponge-coral habitat
by shearing off sponges, soft corals, bryozoans, and other attached invertebrates.  The 56 trawl
tows made in the sponge-coral habitat for this study collected 2,351 kg of attached invertebrates
(including sponges, soft corals, tunicates, bryozoans, and hydroids) yielding an average 42
kg/tow.  This is only the amount of bottom material actually removed from the habitat.  An
estimate of the total amount of bottom destroyed by the doors, ground cables, and leg lines
cannot be ascertained from the current study.

Personal observations and interviews with commercial fishermen attest to the
productivity of the sponge-coral habitat.  Most studies indicate the importance of habitat
availability and space in determining the abundance and diversity of reef fishes (Emery 1978).
With this in mind, and given the knowledge that 1) the use of the 3/4 Yankee trawl net reduces
the amount of attached invertebrate growth (the amount damaged by doors and ground cables is
presently not quantifiable); 2) the places where the invertebrates had been attached may be
sanded over and rendered unsuitable for recolonization; and 3) the removal of these attached
invertebrates reduces refugees for decapods, polychaetes, etc., that are food items for
Centropristis striata  and other benthic feeders, one must conclude that the continued use of this
trawl net reduces the amount of productive fish habitat.  For these reasons, in addition to the
ineffectiveness of the gear in sampling commercially important species, alternate nondestructive
methods, such as direct observations or the use of mark-recapture techniques with trap catches,
should be employed in assessment surveys of the commercially important species of this
habitat.”

Results of trawl survey work in Australia provide some insight into what can happen to
catches in an area after the continued use of commercial trawl gear.  Young and Sainsbury
(1985) report that "At moderate to low levels of fishing effort, the main effect of fishing on the
relative abundance of bottom shelf fishes is by alteration of the relative frequency and spatial
distribution of habitat types.  In particular this refers to the conversion of areas with dense
epibenthos (sponge, corals, hydroids, gorgonians) to areas with sparse epibenthos.  (It may be
noted that even at the relatively low intensity of trawling of the past few years the fishing effort
exerted on the main trawl grounds is sufficient to sweep 50 to 100 per cent of the area of those
grounds per year.)."  These results are from trawling conducted in 1982 as compared to trawl
catches in 1966 from the same locations and at the same time of year.  The catch composition
shifted from species associated with sponges, soft corals etc. (during 1966) to those associated
with open sandy bottom (during 1982).

A similar type of scenario for the South Atlantic was suggested by Bob Low (pers.
comm.):

“Parker et al. (1983) estimated that, in the area they surveyed between Cape Fear and
Cape Canaveral, there were 7,403 square km of reef habitat.  Of this, 1,743 square km had an
average profile exceeding 1 m.  Assuming that such ground could not be trawled, this leaves
about 5,660 square km (1,398,000 acres) of trawlable reef habitat.  The average boat might pull a
net with a footrope of 120 feet, giving an effective sweep of the roller gear of about 72 feet
maximum.  A typical tow over open bottom is perhaps 3 hours at 2 knots.  The area swept by the
roller gear per tow is then about 20 acres/hour or 60 acres/tow.  Assume that 20 boats participate
for 4 months (January-April) each year.  [Note:  The actual number of vessels during 1987 was
seven.]  The average vessel makes 3 trips/month, with 3 days of fishing each trip.  The average
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(24 hr) fishing day includes perhaps 4 tows.  A typical trip therefore consists of 12 tows or 36 hr
of fishing.  The 20 boats make an aggregate of 240 trips.  This equates to 2,880 tows, covering
around 172,800 total acres.  If each tow was over a previously unswept area, the total area
covered by the roller gear would then amount to about 12% of the trawlable reef habitat
estimated by Parker et al. (1983).  Under one set of assumptions, the area affected by the doors,
bridles, and warps would add to this.  Under a second set, repetitive trawling over identical areas
would reduce the total area impacted.  Van Dolah et al. (1987) noted a substantial renewability
within a year.  There are likely to be 8 months of recovery time between trawling seasons.
Doesn't that allow for significant restoration in many of the trawled areas?”

The above scenario indicated that about 12 percent of available habitat between Cape
Fear and Cape Canaveral would be impacted annually by trawling, whereas in the Australian
work the area impacted was between 50 and 100 percent.  The Council has concluded that the
level of damage to the live-bottom habitat in the South Atlantic is significant and that our
available knowledge is not sufficient to risk impacting the long-term abundance of snapper and
groupers by reducing their habitat.  The results shown by Van Dolah et al. (1987) indicated that
regeneration of tissue sufficient to have rounded off the tops of partially severed sponges and to
have closed wounds on other sponges occurs within a year but that additional growth is limited
as indicated by some of the sponges being obviously shorter than before the trawling damage.
This supports the Council's concern because in a four month trawling season there would be a
net loss of habitat (i.e. more damage than regrowth) with the effects being cumulative over time.
By destroying habitat we destroy the productivity of the resource being harvested and we are in
essence drawing on the principal, not just taking the interest so that next year the same amount of
trawling will represent more than 12 percent of the habitat and the year after even more.  Given
this information, the South Atlantic Fishery Management Council concluded that over the long-
term there would be a net loss of existing habitat, which is counter to the Council's habitat policy
and the Magnuson Act.

Indirect evidence of habitat damage is provided in Christian et al. (1985) where they
report on attempts to use crab nets rigged with light chain and plastic mud rollers.  These nets
proved to be inadequate for offshore fish trawling on broken bottom because the light molded
plastic mud rollers were not durable and did not prevent net damage.  They further reported that
captains who tried crab nets soon switched to nets with heavy netting, properly rigged sweep
systems and steel vee-doors for trawling over rough bottom.  Further indication of habitat
damage was presented in Section II of Snapper Grouper Amendment 1 with the numerous
references to gear damage, gear loss and the need to use rollers and modified doors to be able to
trawl in rough and broken areas.

An additional reference concerning potential habitat damage is provided by Moore and
Bullis (1960) when they reported on the discovery of a deep water reef in the Gulf of Mexico.
The MV Oregon was cruising over the continental slope about 40 nautical miles due east of the
Mississippi Delta and observed an unusual tracing on the depth recorder.  They sampled this
bottom area using a shrimp trawl and reported the following:  "A drag, made over the area with a
shrimp trawl, contained a large mass of coral, other invertebrates, and fish.  The netting of the
trawl was torn and most of its contents were lost, but about three hundred pounds of coral
remained in the bag.  A sample was brought back to the laboratory where is was identified by
Moore as Lophelia prolifera."

Invertebrates associated with sponges and corals occur in disproportionately high
densities which suggests that they may use sponges and corals as a food source or a refuge from
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predation (Wendt et al., 1985).  These invertebrates in turn serve as a food source for various
snapper and grouper species.  In addition, corals are very slow growing with some such as
Oculina  sp. only growing between 11 and 16 mm per year (Reed, 1981).  Damage to these areas
can negatively affect the food and shelter available to snappers and groupers.  Further, Grimes et
al. (1982) note the importance of the live bottom and shelf edge habitats in serving as reservoirs
for recruits in shallow areas (less than 30 m).

The best estimate of the number of boats operating in the fishery during the winter of
1986/87 was four boats (one South Carolina boat fishing in South Carolina and three North
Carolina boats fishing in South Carolina, Georgia and Florida).  The number of vessels increased
to seven during the winter of 1987/88.  These vessels fished during the slow period for shrimp
which is normally January to March/April.  Even though the actual number of boats is small, the
amount of habitat damage is significant when one realizes that these boats fish directly on the
limited live bottom habitat in these areas.  Productive snapper grouper habitat on the continental
shelf is limited and trawl gear is fished repeatedly in these areas over this three to four month
period.  Most, if not all, fishermen use Loran which allow them to return to the exact spot and
trawl a particular rock out-cropping repeatedly.  The data previously described from Australia
points out the changes to bottom habitat and catches resulting from such a fishery.

Vermilion snapper in the early 1980s were experiencing growth overfishing (see SAFMC
1983a p. 44-58 for a more detailed discussion).  Yield per recruit (or yield per individual)
analysis indicated that a 12 inch minimum size will increase yield per recruit from 132 g to 177 g
which is equivalent to a 34 percent increase in yield if recruitment is constant.  Confidential data
available to the South Atlantic Council indicated that the minimum mesh size of 4 inches is not
being adhered to and as a result the Council's prior action establishing the mesh restriction has
not been effective in releasing small vermilion (less than 12 inches).  The trawl prohibition will
result in an increase in yield for vermilion snapper.  Catch data from South Carolina (Bob Low,
pers. comm.) show a slight negative correlation between trawl landings and hook & line landings
(r = -0.13).  A good fishery independent index of abundance would allow us to examine the
affect of trawl catches on abundance of vermilion snapper.  Given the available information, the
South Atlantic Fishery Management Council concluded that the trawl prohibition would increase
yield; however, our ability to measure this increase is lacking.

The potential existed for more vessels to enter the fishery particularly if the calico
scallop, shrimp and sea scallop fisheries have not been productive or are not active during this
time period.  The actual number of vessels during 1987/88 was seven, greater than the number
expected.  This further supported the Council's concern that effort could have increased rapidly.

Impacts on affected vessels from prohibiting use of trawl gear in the snapper grouper
fishery were not significant.  Input from public hearings, committee and Council meetings
indicated that income from fish trawling made up a small portion of total income.  No trawl
fishermen came forward with information during the public hearing process indicating that
impacts would be significant.  Fishermen used this fishing method primarily as a fill-in activity
and had the ability to utilize other gear (e.g. electric & hydraulic reels, black sea bass traps,
longlines, etc.) to fish snappers and groupers.  These general conclusions are supported by the
following in Christian et al. (1985):

“The major seafood industry in the South Atlantic Bight is based on shrimp, and this dependence
on one crop has made the industry financially precarious.  ... Therefore, fishermen have looked to
other activities such as bottom trawling for finfishes to supplement their income.  This is not the
single salvation for the whole industry.  Although fish trawling can offer an alternative which
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may aid some shrimpers in maintaining year-round income, suitable trawling bottom in this area
is limited, and target species of such a fishery (snapper, grouper, and porgies) are relatively long-
lived, slow-growing, and can sustain only limited fishing pressure.”

4.2.2.7 Gear in State Waters
Appendix H presents a compilation of gear types used in North Carolina, and the Habitat

Subcommittee recommendations to the North Carolina Marine Fisheries Commission concerning
the habitat impacts of specific commercial and recreational gears used in North Carolina.

In Biscayne National Park, Florida, spiny lobster, stone crab, and blue crab are targeted
with heavy, medium and light traps respectively.  These traps can inflict damage in a number of
ways including contact with the bottom habitat during deployment, retrieval and when lost.  The
fishery is prosecuted by using heavy traps that are frequently set near structural complex and
fragile offshore reefs and may be loss or abandoned by the end of the season (Ault et al., 1997).
Spiny lobster and stone crab traps area used over Thalassia while blue crab traps

The conclusions and recommendations of the study documenting the “Impacts of
Commercial Fishing on Key Habitats within Biscayne National Park” (Ault et al., 1997) are as
follows:

 “The bait shrimp fishery regularly comes in contact with a largest contiguous area of
BNP’s submerged habitat resources.  Depending on season, from 25% to 52% of BNP’s entire
area is swept by the fishery.  Restriction of commercial bait shrimp fishing in BNP’s seagrass
habitats cannot be justified solely on physical habitat damage.  However, the issue of juvenile
fish and crab bycatch deserves further attention, if not directed research.  While rollerframe
trawling does not appear to damage seagrasses, damage to sessile invertebrates (sponges and
corals) in hardbottom communities is conspicuous and is likely to be long-lasting.  Hardbottom
habitats would undoubtedly benefit from closure of commercial bait shrimping in areas
supporting high densities of sponges and corals.  The feasibility of accurately making the
boundaries of BNP’s hardbottom areas and preventing nocturnal trawling within them should be
investigated.  Further trawl damage experiments in conjunction with closure area essential for
obtaining accurate estimates of rates of recovery for trawl-damaged sponges and corals.

The primary resource that the three major trap fisheries affect is seagrass with damage to
underlying plants dependent on trap type and soak time.  Loss of underlying Thalassia averages
about 13% of trap area per week for lobster traps and 28% per week for stone crab traps.  For
blue crab traps, loss of underlying Halodule averages about 30% of trap area per week.  Further
measurements of size and spatio-temporal extent of each of the trap fisheries is required before
reliable estimates of trap-induced damage can be made.  Additional field experiments which
focus on the rate at which Thalassia and Halodule recolonize areas trap-damaged are strongly
recommended.”

4.3 Cumulative Impacts 
This section analyzes cumulative impacts, which are defined as “impacts on the

environment that result from the incremental impact of an action when added to other past,
present, and reasonably foreseeable future actions, regardless of who undertakes such actions.”
The overall cumulative impact of human-induced activities and natural events remains poorly
documented, understood and in dire need of more study.  Even so, it is evident that the effect of
human activity on aquatic systems has been substantial in locations where access and
economically profitable modification could be readily accommodated.  Dahl (1990) reports that
in the 1780's there were about 20.3 million acres of wetlands in Florida, about 6.8 million acres
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in Georgia, about 6.4 million acres in South Carolina, and about million  acres in North Carolina.
By the 1980's Florida’s wetlands had been reduced to 11.0 million acres, Georgia’s to 5.3 million
acres, South Carolina’s to 4.7 million acres, and North Carolina’s to 5.7 million acres.  Overall
about 36.3 percent of all wetlands in states under SAFMC purview have been eliminated.  On a
state-by-state basis this includes 46 percent of Florida’s wetlands, 23 percent of Georgia’s
wetlands, 27 percent of South Carolina’s wetlands, and 49 percent of North Carolina’s wetlands.

As an indication of the scope of developmental pressure, hence one aspect cumulative
effect on EFH (coastal and tributary wetlands), NMFS data show receipt of  more than 20,778
individual development proposals (COE permit applications, federal projects , etc.) in North
Carolina, South Carolina, Georgia, and Florida between 1981 and 1996 (See Tables 26, 27, 28,
& 29).  A subsample of 4,000 of these development proposals involved over 13,856 acres of
various wetland habitats.

While it is believed that most regulated activities are implemented as planned, Mager and
Thayer (1986) report that limited monitoring indicate that about 20 percent of the projects they
examined did not comply with provisions of the associated permits.  Notably, most of the
differences observed related more to design of structures and not the area of habitat affected.  As
shown in the following tables, individually and cumulatively significant impacts to EFH can be
moderated through the COE regulatory program; however, significant wetland perturbations
persist.  This situation is largely perpetuated by (1) regulatory provisions that exempt regulation
of certain wetland types and activities and (2) by severe staffing limitations within regulatory and
environmental review agencies.  In the absence of substantial correction in these two areas,
significant wetland areas will continue to be adversely altered or eliminated, and regulatory and
review agency effectiveness will be limited.

In addition to the direct cumulative effect incurred by developmental type activities, EFH
is also jeopardized by persistent increases in certain chemical discharges.  In that case
incremental change in habitats, hydrology, and chemical inputs produced, over time, an
enormous and extremely harmful result whose negative economic and social implications may
far exceed any benefits related to the causative factors.  Unfortunately, the effect of adding ever
greater volumes and varieties of chemicals to surface waters is often insidious and resulting
declines in the abundance and quality of affected and harvested resources may be slow and
difficult to identify.  As illustrated by Scott et al (1997), the effects may be realized at
rudimentary trophic and ecological association levels in key portions (including EFH) of
estuarine environments.

The rate and magnitude of anthropomorphic change on EFH, whether cumulative,
synergistic, or individually large, is influenced by natural parameters such as temperature, wind,
currents, rainfall, salinity, etc..  Consequently, the level of threat posed by a particular activity or
group of activities may vary considerably from location to location.  This situation may be most
acute in locations that are subject to extreme weather and oceanic conditions such as hurricanes
and large waves, or where the effects of  periodic or global change is most prevalent.

Nutrient over enrichment has become a large cumulative problem for southeastern EFH.
Excessive nutrients may be directly toxic. Even relatively low nitrate-nitrogen levels (as low as
3.5 uM NO3-N) have been found to cause impacts on both growth and survival in eelgrass (Z.
marina) during spring and fall growing seasons (Burkholder et al 1992).  In contrast, Cuban
shoal grass (Halodule wrightii) and  widgeon grass (Ruppia maritima) were stimulated by
nutrient enrichment (Burkholder et al 1994).  Eelgrass provides important brackish water habitat
element for finfish, crustaceans and molluscs in North Carolina (Thayer et al 1984).  Nitrate
toxicity to eelgrass in the field has yet to be documented, although nitrate concentrations in the
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range found to have an impact in mesocosm experiments certainly occurs in many estuarine
settings.

The effects of nutrient enrichment and stimulation of toxic dinoflagellates and other
algae, especially Pfiesteria piscidida, has been widely reported by the news media.  The high
abundance of small heterotrophic algae in southeastern estuaries was well known among
plankton researchers during the 1980's and earlier; however, the toxic nature of Pfiesteria was
not reported until the late 1980's (Burkholder et al 1992, 1993, 1995; Noga et al 1993).  The
most recent analyses suggest that a large suite of Pfiesteria-like small heterotrophic
dinoflagellates exist in most southeastern estuaries (P. Tester personal communication.).  These
organisms include toxic forms, like Pfiesteria, and may be responsible for a significant number
of fish kills associated with eutrophic estuaries (Burkholder et al 1992).  Recent fish kills in
North Carolina and Maryland have been attributed, at least in part, to these organisms
(Burkholder et al 1995), and recent analyses suggest that toxic dinoflagellates (and related
organisms) are on the rise at a global scale (Paerl 1988, Smayda 1989, Paerl et al 1995a).

The stimulation of toxic organism population growth by nutrient enrichment may be
related to factors outside the south Atlantic region.  The most notable recent case was the
transport of the toxic dinoflagellate  Ptychodiscus brevis in 1989 by the Gulf Stream and
associated eddies into Onslow Bay, North Carolina.  Among other impacts offshore
and inshore, this seriously impacted scallop production in Bogue Sound, North Carolina (Tester
et al 1989).

Enrichment of estuarine algal and bacterioplanktonic communities by excessive nutrients
is probably the most often cited example of estuarine degradation globally (Nixon  1995, NRC
1994, Ryther and Dunstan 1971 ).  In general, the ecological pathway involves enhanced algal or
bacterial production and metabolism followed by excessive oxygen uptake and subsequent
deoxygenation.  Anoxia and hypoxia have been identified as the fundamental problems facing
Chesapeake Bay, the Gulf of Mexico, the Tar-Pamlico and Neuse River Estuaries, and other
locations throughout the world (Paerl 1988).  Associated processes may be complex.  For
example, nutrient uptake and excessive autotroph production may result in deposition of organic
material into benthic sediments, where increased sediment oxygen demand may occur at some
later time.  In stratified estuaries, the process may even be exacerbated by the re-release of
nutrients as sediment oxygen demand is exerted in bottom, anoxic waters.   The ecological
effects of modification of production patterns also includes hypercapnia (elevated levels of
carbon dioxide), which exerts powerful effects on some organisms (Burnett 1997).

Algal blooms in Southeastern  waters  represent a major threat to EFH.   Important algal
blooms have been documented in Albemarle Sound, the Chowan River, the Tar-Pamlico River,
the Neuse River Estuary, the New River Estuary,  Bogue Sound, the St. Johns River and Indian
River (NOAA 1996).  Algal levels can be extremely high in grossly enriched waters.  A one-day
survey of the Pamlico Estuary in 1988 found chlorophyll a (an algal pigment) in excess of 200
ug/l, compared to a North Carolina Water Quality Standard of 40 ug/l (15A NCAC 2B.0200).
Another type of algal community stimulation occurs when  airborne nitrogen from all sources,
including agriculture, is deposited through wet and dry deposition into distant oceanic waters.
This phenomenon was largely unrecognized until recently (Paerl, 1985, 1993).  Consequences of
this type of deposition, where the majority of "new" primary production comes from this source,
can be quite significant, both on patterns in primary and secondary production and in the
taxonomic makeup of that production, including the toxic forms cited above.

Among the most serious problems caused by algal blooms and other effects of over
enrichment is the removal of oxygen from the water. The extent of deoxygenation in
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southeastern estuaries has been well documented (Rader et al 1987; Stanley, 1985).  A more
recent survey of the south Atlantic region found periodic hypoxic conditions in 13 of the 21
estuaries surveyed, with bottom-water anoxia in 11 locations.  Only once instance of anoxia was
found along the Sea Island Coast of South Carolina and Georgia, and this was linked to stratified
conditions in the Savannah River.  Major anoxic events were documented in the Neuse River, the
Tar-Pamlico River Estuary, the Indian River and St. Helena Sound (NOAA 1996).  Although
seasonal low-oxygen events may be natural in Southeastern stratified estuaries, expansion in the
size or persistence of deoxygenated areas has been identified for some of the above listed waters
(Breitburg 1990, Rabalais et al 1996).

Effects of deoxygenation on resident and post-larval fish, crustacean, and mollusc
communities can be significant.  The enormous fish kills that have plagued the Tar-Pamlico and
Neuse River Estuaries have received abundant popular press since the late 1980's, and have
recently been systematically analyzed (Pietrafesa and Miller 1997).  This study identified 246
kills in the Pamlico during the period 1985-1995, and 73 in the Neuse, including many over
1,000,000 fish.  Fish kills have also been documented in the St. John River, Florida and
Charleston Harbor, South Carolina (Burkholder et al 1995).

Another possible manifestation of nutrient over enrichment is the occurrence of
chitonoclastic shell disease in blue crabs.  This is believed by some to be related to water
pollution (either stress incurred after exposure to anoxic conditions or cadmium).  Little is
known absolutely (Noga et al 1990).  In addition, fish diseases have been implicated throughout
polluted estuaries, but the link to pollution remains uncertain (Noga et al 1989).

The impact of fish kills from nutrient over enrichment is difficult to assess in terms of
their effect on stocks of commercially important fish.  Many of the fish killed are juveniles and
Atlantic menhaden appear especially vulnerable.  If these stocks are density independent, then
kills translate directly into reduced adult population sizes.  Vaughan (1986) found that in Atlantic
menhaden, catastrophic kills, where 10 percent mortality events occur periodically, coupled to
the accumulating 1 percent annual losses from permanent habitat loss, could cause a loss of 60
percent of the fishery within 30 years.

Impacts of atmospheric deposition of nutrients on inshore EFH is well documented, as
cited above (and in Fisher and Oppenheimer, 1991).  Some studies suggest that nutrient
enrichment from atmospheric and more traditional surface water sources can also modify
planktonic and epibenthic algal communities to the detriment of fish.  Changes in the
phytoplankton community lead to changes in the grazer community, including the reduction or
elimination of preferred prey items for planktivorous fish and fish larvae.  One example is the
plankton community of Western Albemarle Sound, North Carolina, where nanoplankton (the
small-celled algae that are the principal food source for crustacean zooplankters) are replaced in
part in some years  by blue-green algae of low food value, with a concomitant elimination of the
zooplankters preferred by some anadromous fish larvae and juveniles (Rulifson et al 1986).

Besides fish, plankton, and algae, vascular marine plants also are adversely affected by
excessive nutrients and their consequences.  Eutrophication may cause the reduction in coverage
of SAV due to shading associated with water column turbidity and the growth of epiphytic
filamentous algae.  Although significant dieoffs of SAV have occurred in some locations in the
Southeast, including the Pamlico River Estuary, the direct causes of algal growth stimulation has
not been established (Davis et al 1985).  NOAA's recent survey of impacts on SAV found
declines in 5 of 21 estuaries of the Southeast, including Albemarle/Pamlico Sounds, but
increases in Biscayne Bay and Charleston Harbor (NOAA 1996).
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New analytical approaches may advance management evaluations of cumulative
environmental effects.  Ecological risk assessment procedures provide a useful frame for
comprehensively structured analyses of anthropogenic effects (EPA, 1992).  These procedures
involve the systematic evaluation of stressors and effects using flexible methods that foster
detailed evaluations of effects (Harwell et al., 1995).  The application of risk assessment
principles to environmental assessments could result in more comprehensive scientific products
that also carry more administrative weight.  In addition, systematic applications of decision
support systems can offer logically consistent methods to evaluate multiple policy alternatives.
Decision support systems aid the objective identification of appropriate decision combinations
according to multiple priorities and they support group-based policy evaluations (Saaty, 1990;
Keyes and Palmer, 1993; Schmoldt et al., 1994)).  Combined utilization of these approaches may
identify previously underemphasized factors and objective policy alternatives (Lindeman,
1997b).  Ultimately, they may foster more logical and explicit decision-making regarding
cumulative effects issues.

Table 26. Acres of habitat alterations requested by type of projects reviewed in North
Carolina between 1981 and 1996 (Source:  Andy Mager, NMFS SERO pers. comm.).

  
Project N1 N2 Proposed By Accepted Potentially Mitigation
    Type                                                                   Applicants                 By NMFS                  Conserved                                          
BA 183 60      3,256 144 3,112       124
BE  48  31  1,463  1,218    245 1
BR  395  188 1,076 814 262 1,291
DO    415 6 1 0 1 0
EL 13 1  4 0  4  0
HO    204    1383    920    337  583    757
IN  192  91  190 122    68 119
IR  59 30 204 104    100 6
MD  343  314 11,116 11,103    13  49
MI  62 7 3,195 1,234  1,961  2,745
MM  2 1 8 0 8  0
NA  610  349  2,058  1,768  290  48
OI  10 0 - - - -
OT  187  72  819  698  121 556
PI  51  26  7  7  0  2
SH  1,518  1,016  691 246  445  111
TR  13 2  1  1  0 1
     WR                        3                    2                                  3                                3                               0                              25          
Total  4,308  2,331  25,012 17,799 7,213 5,835

(BA) barriers and impoundments; (BE) beach nourishment projects; (BR) bridges, roads,
 and causeways; (DO) docks and other minor structures; (EL) electric generating facilities;
 (HO) housing developments; (IN) commercial and  industrial developments; etc.;
(IR) irrigation and drainage works;(MD) maintenance dredging; (MI) mining and mineral exploration; (MM) marsh
management areas; (NA) navigation projects, marinas, etc.;
 (OI) oil and gas construction;(OT) unclassified; (PI) oil, gas, and chemical pipelines; (SH) bulkheads, small fills,
groins, etc.; (TR) transmission lines; (WR) wetland restoration projects.

N1 = Total number of projects reviewed.
N2 = Number of projects where acreage was determined.
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Table 27. Acres of habitat alterations requested by type of projects reviewed in South
Carolina between 1981 and 1996 (Source:  Andy Mager, NMFS SERO pers. comm.).

Project N1 N2 Proposed By Accepted Potentially Mitigation
    Type                                                                   Applicants                 By NMFS                  Conserved                                    
BA 236 99      3,252 460 2,792       54
BE  32  16  1,889  861  1,028 0
BR  331  174 772 226 546 456
DO  1,647 6 2 0 2 0
EL 15 1 1 0  1  0
HO    101    43    163    37  126    23
IN  142  54  185 120    65 142
IR  76 47 2,218 25 2,193 2
MD  200  117 2,503 1,391 1,112  0
MI  32 7 791 65  726  86
MM 13 1 1 0 1  0
NA  405  201  809  244  565 180
OI  3 0 0 0 0 0
OT  185  61  660  574  86 388
PI  177  85  44  38  6  22
SH  1,330  595  580 302  278  112
TR  109  9  13 13  0 0
     WR                        2                    0                                 -                               -                             -                               -
Total  5,037  1,516  13,883 4,356 9,527 1,467

Table 28.  Acres of habitat alterations requested by type of projects reviewed in Georgia between 1981 and
1996 (Source:  Andy Mager, NMFS SERO pers. comm.).
   
    Project                N1                  N2                        Proposed By                  Accepted                   Potentially                   Mitigation
    Type                                                                   Applicants                 By NMFS                  Conserved                                    
BA 133 15      551 12 539       33
BE  8  4  305  305  0 0
BR  215  62 719 509 210 999
DO  604 13 4 0 4 0
EL 14 0  0 0  0  0
HO    57    20    159    15  144  881
IN  144  38 1,520 485 1,035 980
IR  32 14 82 14 68 4
MD  112  67 2,936 2,348  588  36
MI  33 1 200 200  0 363
MM 4 1 0 0 0 23
NA  200  68 2,478  558 1,920 175
OI  3 3 1 1 0 0
OT  96  16  287  26  261 48
PI  70  20  8  8  0  63
SH  704  204  169  66  103  71
    TR                      90                  19                                 3                                3                              0                                2          
Total  2,519  565  9,422 4,550 4,872 3,678

(BA) barriers and impoundments; (BE) beach nourishment projects; (BR) bridges, roads,
 and causeways; (DO) docks and other minor structures; (EL) electric generating facilities;
 (HO) housing developments; (IN) commercial and  industrial developments; etc.;
(IR) irrigation and drainage works;(MD) maintenance dredging; (MI) mining and mineral exploration; (MM) marsh management
areas; (NA) navigation projects, marinas, etc.;
 (OI) oil and gas construction;(OT) unclassified; (PI) oil, gas, and chemical pipelines; (SH) bulkheads, small fills, groins, etc.;
(TR) transmission lines; (WR) wetland restoration projects.
N1 = Total number of projects reviewed.
N2 = Number of projects where acreage was determined.
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Table 29. Acres of habitat alterations requested by type of projects reviewed in Florida
between 1981 and 1996 (Source:  Andy Mager, NMFS SERO pers. comm.).

Project N1 N2 Proposed By Accepted Potentially Mitigation
    Type                                                                   Applicants                 By NMFS                  Conserved                                          

BA 169 16      72 21 51       4
BE 120  24 2,078 1,440 638 1
BR 1,309 199 833 253 580 483
DO 3,307 14 8 7 1 0
EL 7 0  - - - -
HO 4,029 1,265  4,271 1,486 2,785 1,313
IN  988 247 1,307 630 677 475
IR 166 51 99 39 60 11
MD 1,486 125 428 373  55  11
MI 307 9 322 310 12 170
NA 1,521 451 2,497 1,907 590 197
OI 11 2 1 0 1 1
OT 815 102  509 206  303 99
PI  95  8  22  14  8  39
SH 6,214 1,471 1,351 394  957 432
TR 119 10 15 10  5 9
     WR                     115                    6                               43                               3                             40                               4          
Total 20,778 4,000 13,856 7,093 6,763 3,249

(BA) barriers and impoundments; (BE) beach nourishment projects; (BR) bridges, roads,
 and causeways; (DO) docks and other minor structures; (EL) electric generating facilities;
 (HO) housing developments; (IN) commercial and  industrial developments; etc.;
(IR) irrigation and drainage works;(MD) maintenance dredging; (MI) mining and mineral exploration; (MM) marsh
management areas; (NA) navigation projects, marinas, etc.;
 (OI) oil and gas construction;(OT) unclassified; (PI) oil, gas, and chemical pipelines; (SH) bulkheads, small fills,
groins, etc.; (TR) transmission lines; (WR) wetland restoration projects.

N1 = Total number of projects reviewed.
N2 = Number of projects where acreage was determined.

A cumulative assessment of population-scale fishing effects in the Florida Keys
documents that  13 of 16 grouper species, 7 of 13 snappers, and 2 of 5 grunts are recruitment
overfished (Ault et al., in press).  The cumulative result of technologically enhanced fishing
effort has been the accelerated removal of those top predators with most economic value.
Therefore, intensive effort is now being expended to obtain species that are lower on the food
chain (Pauley et al., 1998). This has serious implications; as the lower levels of the food chain
decline, the chances of revival at the top of the food chain are diminished even further (Williams,
1998).  Top-down ecosystem  degradation can result in a variety of unfavorable species
abundance shifts (Goeden, 1982) and, potentially, outright ecosystem collapse (Pauley et al,
1998).  Further cumulative assessments of managed species in the South Atlantic may reveal
long-term declines similar to those now identified in the Keys.  Under such circumstances,
traditional management measures (e.g., size and harvest limits), may not be adequate to rebuild
sustainable fisheries for the most desirable species.


