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Abstract

The Charleston Bump is a complex bottom feature of great topographic relief located
southeast of Charleston, South Carolina. A Colloquium convened in Charleston reviewed
historical and recent data on the geology, oceanography and fisheries associated with the
Charleston Bump. The bottom feature deftects the Gulf Stream offshore in the South Atlantic
Bight, and establishes permanent and temporary meanders, eddies, gyres and associated
upwellings in the warm Gulf Stream flow. Thermal fronts associated with Gulf Stream
deflection, and the bottom feature itself, are believed to be attractive to large pelagic fishes, or
result in concentrations of larvae, juveniles and prey for larger fish. Upwelling in the region
supports early life history stages of important fishery species. Deflection of the Gulf Stream
may also play a direct or indirect role in transport of early life stages toward, or away from,
nursery areas. In addition to strongly influencing circulation patterns in the South Atlantic
Bight, the rugged bottom topography of the Bump is an important habitat and spawning ground
for wreckfish Polyprion americanus and supports the U.S. fishery for this species. As a result,
the Bump is an essential habitat for this species in U.S. waters.

Bottom mapping conducted during this study concentrated on high-relief areas associated
with wreckfish catches, and indicated a shoaling “ramp” that ascends northward from depths
greater than 600 m to the top of a scarp at about 375 m depth. The ramp is smooth in places but
also has rugged bottom topography associated with a series of ridges and valleys. Wreckfish are
caught in these ridge areas. Northward of the top of the scarp the bottom drops precipitously
into deep (>600 m) scour depressions, then rises again to 350 m.

Oceanographic data collected in this study indicated an area of upwelling in the trough of
the Charleston Gyre, a large eddy formed in the meander of the Gulf Stream north of the
deflection by the Charleston Bump. This upwelling area has a high concentration of
chlorophyll-a, indicating higher productivity. This productive water is adverted onto the
continental shelf near Long Bay NC.

A geographic analysis of commercial pelagic longline logbook data show that the
Charleston Bump is an area of concentrated commercial fishing effort, and that pelagic longline
fisheries also concentrate along fronts at the edges of Gulf Stream gyres and eddies downstream.
These fisheries target swordfish (Xiphias gladius), but also result in captures of non-targeted
species such as sailfish (Istiophorus platypterus) and marlins that are abundant around the
Bump. Satellite pop-off tagging of swordfish and sailfish show that these species move
considerable distances away from the Bump, or are found in the vicinity of the Bump up to 90
days after tagging. A seasonal closure of the longline fishery on the Bump may not be effective
in reducing fishing mortality on these species. The “Charleston Bump Complex” of rough
bottom topography and dynamic oceanography is an essential habitat for wreckfish and highly
migratory pelagic fishes, and may influence recruitment success in some continental shelf fishes.

Introduction
The Charleston Bump is a deep, rocky, bottom feature located on the Blake Plateau

southeast of Charleston, South Carolina. Although Brooks and Bane (1978) first formally
named and described the feature and its effect on Gulf Stream flow, there are several earlier
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references to disturbances in the Gulf Stream near the topographic feature now known as the
Charleston Bump (see Singer et al., 1983 for review). The sea floor in the Bump region is
characterized by a spreading and shoaling of isobaths northward of the Straits of Florida.
Shoaling results in isobaths at about 31°N latitude tending in a perpendicular to the coast and to
the northward-flowing Gulf Stream, which is the dominant current flow in the region. These
bottom features lie on the relatively flat Blake Plateau, a feature that interrupts the steeper
continental slope and separates the inshore Florida-Hatteras slope from the offshore Blake
Escarpment (Figure 1). This “island” of topographic relief in an otherwise relatively flat bottom
in the path the Gulf Stream causes a disturbance in the flow of one of the earth’s dominant
oceanographic features. This island in the Gulf Stream has profound effects on its flow, causing
a change in flow direction and propagation of downstream eddies that, together with complex
bottom topography, provide a unique habitat that supports populations of pelagic and demersal
fishes. The Bump may provide nursery habitats for early life history stages, and a “stepping
stone” in the migratory route of several highly migratory pelagic fishes.

In the re-authorization of the Magnuson-Stevens Fishery Conservation and Management
Act, through the Sustainable Fisheries Act, the U.S. Congress included Essential Fish Habitat
(EFH) provisions that required fishery management councils to identify EFH, to include “those
waters and substrate necessary to fish for spawning, feeding or growth to maturity” (Schmitten,
1999). While broad in scope, and perhaps including most aquatic habitats, this definition would
certainly include the “Charleston Bump Complex” of bottom features and associated
oceanographic phenomena, which constitute a known feeding, spawning and aggregation area
for wreckfish Polyprion americanus, and perhaps other species (Sedberry et al., 1999; Govoni et
al., 2000).

Oceanographic, Historical and Geographic Setting

The Charleston Bump includes an underwater ridge and trough feature on which the
seafloor rises from 700 to 400 m within a relatively short distance and at a transverse angle to
both the general isobath pattern of the upper slope, and to northerly-flowing Gulf Stream
currents (Brooks and Bane, 1978; Bane et al., 2000). The Bump includes over 100 m of rocky
relief (Figure 2), with carbonate outcrops and overhangs, as well as flat hard bottom consisting
of phosphorite-manganese pavement (Sedberry et al., 1994) (Figure 3). The ridge/trough and
scarp feature is located between 31°30'N and 32°00'N and between 78°00'W and 79°30'W, in the
main axis of the Gulf Stream, 130-160 km southeast of Charleston, South Carolina. The feature
includes precipitous rocky slopes, scarps and scour depressions (Figure 2), with numerous caves,
overhangs and coral pinnacles (Sedberry et al., 1994; Popenoe and Manheim, 2000; Sedberry
pers. obs. from submersible). The bottom relief is important to deep reef species and provides
habitat that supports the deepwater demersal wreckfish fishery (Sedberry et al., 1994). The
waters overlaying the Bump are an important pelagic longlining area and there has been a
concentration of longline sets that caught swordfish (Xiphias gladius) at the location of the
Charleston Bump (Cramer, 1996; Cramer, 2000).
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Figure 1. Bottom topography of the Blake Plateau, showing wreckfish (Polyprion
americanus) grounds (box) on the Charleston Bump. Triangles indicate captures of
wreckfish from research vessels. The approximate location of the Gulf Stream (shading) is
indicated by plotting its position on 2 August 2000, from data posted by the Naval Atlantic
Meteorology and Oceanography Center (http://www.nlmoc.navy.mil/newpage/oceans/).
Depth contours are in 20-m intervals to 100 m, then in 100-m intervals. The Bump occurs
on the Blake Plateau, a relatively flat area that interrupts the continental slope and divides
it into the Florida Hatteras Slope inshore and the Blake Escarpment offshore. The
topographic high and the spreading of isobaths as they emerge from the Florida Straits
cause the Gulf Stream to be deflected offshore at the Bump.
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Figure 2. Echogram (top) showing steep scarp on the Charleston
Bump at 31°39.7'N, 78°46.6W, and drawing of wreckfish habitat on
a scarp near 31°15'N, 79°03'W, based on submersible observations
(Sedberry et al., 2000).
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Figure 3. Mosaic of photographs taken vertically from the submersible NR-1, showing
phosphorite-manganese pavement and hard bottom on the Charleston Bump. Wreckfish are
associated with this hard bottom.



The feature was formally described by Brooks and Bane (1978), who noted that the
Charleston Bump deflected the Gulf Stream offshore (Bane et al., 2000). This deflection and the
subsequent downstream meanders, eddies, and upwellings may increase productivity and
concentrate fishes, sea birds and other organisms along thermal fronts (McGowan and Richards,
1989; Dewar and Bane, 1985; Haney, 1986; Collins and Stender, 1987; Lee et al., 1991; Govoni
et al., 2000; Govoni and Hare, 2000). Similar increases in productivity have been noted around
other deepwater bottom features (e.g. Haney et al., 1995; Cresswell et al., 1996; Koslow, 1997).

The northern part of the South Atlantic Bight (SAB, Cape Hatteras to Cape Canaveral) is
known as the Carolina Capes Region, while the middle and southern areas are called the Georgia
Embayment, or Georgia Bight. The Carolina Capes Region is characterized by complex seafloor
topography, with prominent shoals extending from the Capes to the break at the edge of the
continental shelf. These shoals are effective in trapping Gulf Stream eddies spun off by the
Charleston Bump, whereas the shelf to the south is smoother, and does not disturb Gulf Stream
flow (Figures 1 and 4; also Bush et al., 1985; Pietrafesa et al., 1985).

The warming influence of Gulf Stream waters is especially notable in the winter near the
shelf break where tropical species of fish, corals and other animals are found (Wenner et al.,
1983; Sedberry and Van Dolah, 1984). A warm band of relatively constant temperature (18-
22°C) and salinity (36.0-36.2 psu) water is observed near bottom year-round just inshore of the
shelf break. This band is bounded by seasonally variable inshore waters and by fluctuating
offshore waters that are subject to cold upwelling events and warm Gulf Stream intrusions
(Miller and Richards, 1980; Mathews and Pashuk, 1986).

Small frontal eddies and meanders propagate northward along the western edge of the
Gulf Stream every 1-2 weeks (Figure 4). They provide small-scale upwellings of nutrients along
the shelf break in the SAB (Lee and Mayer, 1977; Brooks and Bane, 1978; Chew, 1981; Lee et
al., 1981; Yoder et al., 1981; Lee et al., 1985; Lee et al., 1989; Lee et al., 1991; Glenn and
Ebbesmyer, 1994; Miller, 1994; Bane et al., 2000). In contrast to transient upwellings, there are
two areas in the SAB where upwelling of nutrient-rich deep water is more permanent. One such
upwelling, that is caused by diverging isobaths, is located Just to the north of Cape Canaveral
(Atkinson et al., 1979; Blanton et al., 1981; Paffenhofer et al., 1984; Atkinson, 1985). The other
much larger and stronger upwelling occurs mainly between 32°N and 33°N , and it results from a
deflection of the Gulf Stream offshore by the topographic irregularity of the Charleston Bump
(Singer at al., 1983; Atkinson, 1985; Mathews and Pashuk, 1986). '

In general, the Gulf Stream flows along the shelf break, with very little meandering, from
Florida to about 32°N where it encounters shoaling bottom topography and is deflected seaward
forming a large offshore meander (Figure 4; Brooks and Bane, 1978; Singer et al., 1983; Lee et
al., 1989; Lee et al., 1991; Glenn and Ebbesmeyer, 1994; Miller, 1994; Barnard et al., 1997).
The cyclonic Charleston Gyre is formed in the trough of the meander. Downstream of the
geological feature of the Charleston Bump, enlarged wavelike meanders can displace the Guif
Stream front up to 150 km from the shelf break (Pietrafesa et al., 1985). These meanders can be
easily seen in satellite images (e.g. Figure 4).
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Figure 4. Composite sea surface temperature image (7-d image, ending 15 May
2000). Deflection of the Gulf Stream offshore is clearly visible at about 32°N. Note
Charleston Gyre at about 32°30°N, and warm filaments southeast of Charleston and
east of the Carolina bays. This is a composite image from about the time of sampling

aboard the R/V Palmetto.



Although 2-3 large meanders and eddies can form downstream of the Bump, the
Charleston Gyre is the largest and the most prominent feature. The Charleston Bump Complex,
consisting of the Charleston Bump, Charleston Gyre, and associated fronts and eddies, may be
an essential nursery habitat for some offshore fish species with pelagic stages. It has been
implicated in retention of fish eggs and larvae and their transport onshore (Collins and Stender,
1987; Govoni et al., 2000; Govoni and Hare, 2000). Many reef fishes with pelagic eggs and
larvae spawn in the vicinity of gyres near the shelf edge (Johannes, 1978). Such
topographically-induced gyres (i.e. the Tortugas Gyre) are implicated in removal of pelagic eggs
from the spawning site, thus reducing predation, yet retaining fish eggs and larvae for the
ultimate return of larvae to the shelf at later developmental stages (Lee et al., 1992; Limouzy-
Paris et al., 1997; Lee and Williams, 1999). It appears that the Charleston Gyre may function in
this manner. During the large-meander mode (Bane et al., 2000), the Charleston Gyre may be
responsible for transport the larvae of estuarine-dependent species such as gag Mycteroperca
microlepis (Serranidae) far onto the shelf when the leading edge of the large gyre intrudes into
Long Bay NC (Sedberry et al., 2000). During the small-meander mode (Bane et al., 2000), the
Gyre may facilitate the retention of eggs and larvae of other reef fishes (e.g. snappers,
Lutjanidae) near the shelf break (Powles, 1977; Sedberry et al., 2000). The Gyre may also serve
as a nursery ground for juvenile swordfish, which are concentrated along thermal fronts (Govoni
et al., 2000; Govoni and Hare, 2000). In addition, the Charleston Gyre deposits large amounts of
fine sediments such as clay and mica on the upper continental slope off Long Bay, North
Carolina (Doyle et al., 1968). This deposition creates suitable habitat for burrowing slope-
dwelling fishes such as tilefish Lopholatilus chamaeleonticeps (Harris et al., 2000; Wenner and
Barans, 2000).

Fish and Fisheries

Deepwater rocky bottom habitats such as the Charleston Bump may support greater
biomass and diversity of fishes than that found on adjacent soft bottom areas; however, little
research effort has been directed at deep-water rocky habitats (Knott and Wendt, 1985). Hard
bottom habitat on the continental shelf and upper slope of the SAB supports drastically different
and more diverse fish faunas than do soft bottom habitats in similar depths and thermal regimes
(Wenner, 1983; Sedberry and Van Dolah, 1984). It is likely that these differences extend to the
deeper waters of the Blake Plateau, Florida-Hatteras Slope and the Charleston Bump.

Many reef fishes of the southeastern continental shelf are species that have extended
ranges northward from the Caribbean, taking advantage of rocky reef habitat, and relatively
stable thermal regimes on the middle continental shelf. It is unknown if the ichthyofauna
associated with deep hard bottom of the Caribbean extends its range northward along the hard
bottom habitat of the Blake Plateau to the Charleston Bump, although it is known that some
species such as wreckfish, blackbelly rosefish Helicolenus dactylopterus and bigscale pomfret
Taractichthys longipinnis that occur in deep water in the Bahamas (Olander, 1997) also occur on
the Charleston Bump (Weaver and Sedberry, 2000; Sedberry, personal observation). Similarly,
the faunal affinities between the rocky bottom of the Blake Plateau and rocky North Atlantic
islands such as Bermuda and the Azores are not known, although fishery landings (e.g.
wreckfish, blackbelly rosefish) indicate many similarities. Islands of suitable habitat, such as the
Charleston Bump on the Blake Plateau, may provide "stepping stones" that extend the
distribution of rocky bottom deepwater fishes from the Caribbean to the eastern Atlantic,
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assuming that water temperatures and other conditions are favorable. Faunal studies of deep
hard bottom habitats in the Caribbean, SAB, and farther northward are needed to address these
questions.

The concentration of fishing effort by pelagic longliners (Cramer, 1996) and wreckfish
fishermen (Sedberry et al., 1994) on or near high-relief topography of the Charleston Bump
suggests that the observed oceanographic phenomena do result in increased fish production or
aggregation. This hypothesized increased abundance is supported by oceanographic studies that
indicate upwelling of productive waters, and a dynamic oceanographic system similar to that
found around islands, seamounts, submarine canyons, shelf banks and other productive fishing
grounds (see below).

The Charleston Bump region is an area where pelagic longline fisheries target highly
migratory species such as swordfish, tunas, sharks and dolphin, Coryphaena hippurus (Cramer,
1996; NOAA, 1997). As noted by Govoni et al. (2000) and Govoni and Hare (2000), the
Charleston Gyre may also be an important larval retention and nursery area for highly migratory
species such as swordfish. Juvenile swordfish are often caught and discarded from longlines set
in the Charleston Bump region (Cramer, 1996).

In recent years, there has been much public concern regarding overfishing of swordfish,
bycatch of juvenile swordfish, bycatch of other pelagic billfishes such as marlins and sailfish that
are important to recreational fisheries, and interactions of longline gear with seabirds, turtles,
marine mammals and other protected or non-fishery species. There has been public and political
support for time and area closures of the longline fishery to reduce fishing mortality on
swordfish, bycatch and other interactions with non-targeted species. Several alternative closure
plans have included the Charleston Bump region as a seasonal or permanent closed area, as this
is believed to be an area of high incidence of bycatch (Cramer, 1996; NOAA, 1999).

Although swordfish longliners often fish the area of steep bottom topography on the
Bump (Sedberry, personal observation), they may also be directing longline gear at thermal
fronts associated with the Charleston Gyre to the north of the Bump, and other thermal structure
created by deflection of the Gulf Stream at the Bump. Concentration of longline effort along
thermal fronts been noted in waters north of Cape Hatteras (Podest4 et al., 1993). In order to
further examine catches in relation to bottom and thermal features of the Charleston Bump
Complex, we conducted a spatial analysis of longline catches in the western Atlantic, using the
National Marine Fisheries Service (NMFS) longline data set (Cramer, 1996).

An enigma of the Charleston Bump is that the very currents that swirl around the Bump
and cause the upwelling should carry away the pelagic eggs, larvae and juveniles of the fishery
species such as wreckfish that spawn on the Bump, leaving questions regarding the recruitment
of fishes to the feature. There may be downstream eddies that retain early life stages in a
"nursery area” associated with the Bump, or recruitment to the Bump may come from upstream
in the Caribbean. It may be that the Charleston Bump creates variable flow regimes in the Gulf
Stream, and that these features serve to retain eggs and larvae during certain conditions, and
transport larvae away from the Bump during other conditions. There are probably different
species of fishes and invertebrates whose life histories are dependent upon both scenarios. The
dynamic aspects of Gulf Stream deflection (Bane et al., 2000) may be responsible for
recruitment variability in many species. Additional studies of spawning areas and associated
hydrography are needed to further elucidate patterns of abundance, recruitment and fishing
effort.
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Although it is evident that swordfish and other highly migratory species are caught in the
vicinity of the Charleston Bump (Cramer, 1996; Cramer, 2000), it is unknown if they are
resident there. The seasonal migration of swordfish is one of the most complex of the pelagic
fishes (Palko et al., 1981), and time or area closures may not have a significant impact in
reducing fishing effort on this overfished species, if the fish migrate into areas that remain open
to fisheries, or remain resident in a temporally closed area and are subject to fishing when the
temporal closure ends. Traditional tagging of highly migratory species such as swordfish has
given some information regarding movements and growth of such species (Beckett, 1974), but
are not useful for determining residence times and short-term movements. In addition, reporting
rates of highly migratory species tagged with traditional tags is low (2% of fish tagged on
longline gear; Beckett, 1974). Acoustic telemetry has been used to track short-term movements
of swordfish and has demonstrated diel vertical migration in the species (Carey, 1990).
However, these transmitters are not appropriate for long-term tracking, as they can only transmit
data for relatively short period of time (24 to 48 h). Satellite “pop-off” tags are a relatively new
technology designed to provide a fishery-independent measure of distance traveled from tagging
point to release point without the need to recapture the fish (Block et al., 1998). Because they do
not require re-capture of the tagged fish, and return of the tag to the tagging agency, more
information on movements can be obtained from fewer tagged fish. These tags can also archive
temperature and other data while attached to the fish. Once the pre-programmed release
deadline is reached, a corrosive linkage releases the tag from the fish. The tag then floats to the
surface and transmits its archived data as well as real-time temperature and tag inclination
measurements continuously to satellites in the Argos system. This type of tag has been proven
effective in tagging studies on bluefin tuna, Thunnus thynnus (Block et al., 1998), and blue
marlin, Makaira nigricans (Graves et al. in press).

Swordfish are believed to dive much deeper than blue marlin or bluefin tuna, and are
known to feed on benthic species in waters up to 595 m deep (Palko et al., 1981; Carey, 1990).
The satellite tags currently available are rated for a maximum depth of 650 m, so it is possible
that swordfish may dive beyond this limit and render the tag inoperable. One of the objectives
of this study was to evaluate the use of satellite pop-off tags for tracking deep-swimming fishes
such as swordfish and to track the movements of swordfish captured near the Charleston Bump,
which has been suspected to be a resident feeding ground for small swordfish (Cramer, 1996;
Sedberry et al., 2000).

Study Goals and Objectives ,

In spite of our knowledge of the importance of the Charleston Bump as habitat for
wreckfish, and its potential importance because of its effect on the flow of the Gulf Stream, no
investigations have examined the role of the Charleston Bump in the life history of important
fishery species of the southeastern U.S. This project was proposed to examine the role of the
Bump and its associated oceanography in the life history of marine fishes. The overall goal of
the project was to determine the role of the Charleston Bump as a habitat for fishery species off
the southeastern coast of the U.S. We proposed the following hypotheses:

1. The geological feature of the Charleston Bump is an important habitat for highly
migratory species, such as swordfish (Xiphias gladius), sailfish (Istiophorus platypterus),
blue marlin (Makaira nigricans), white marlin Tetrapterus albidus), and tunas (Thunnus
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albacares and Thunnus thynnus). These migratory species utilize the Charleston Bump
for up to 90 days as a feeding ground during annual spring/summer migrations.

2. The area of the Blake Plateau that produces oceanographic features such as upwelling
and thermal fronts with convergence zones, that may attract or aggregate different life
history stages of highly migratory species, consists of vertical relief of over 150 m, and it
located primarily between 31°30'N and 32°N and 78°W and 79°W. Preliminary surveys
of the western part of this area by the Principal Investigator indicates substantial surface
anomalies (e.g. standing waves, changes in current velocity) associated with a high-relief
north-facing scarp and scour depression at about 31°38'N, extending at least from
78°50'W to 78°45'W, and probably farther to the east. This feature apparently continues
to the northeast, but has not been surveyed. It is unclear if this north-facing scarp causes
the deflection of the Gulf Stream. We hypothesize that this feature at about 31°38'N
causes the deflection of the Gulf Stream that results in oceanographic features that may
be important in the early life history of some highly migratory fishes. Although we have
observed surface flow disturbance associated with the scarp, many oceanographic
features (eddies, upwellings) are generally downstream from the scarp, and
concentrations of early life history stages may be associated with hydrographic features
some distance from the Bump, but which are generated by the effect of that bottom
feature on Gulf Stream flow.

The following specific objectives were established to address the hypotheses:

1. Conduct a workshop to summarize the state of knowledge of the Charleston Bump, and
publish the proceedings.

2. Map bottom topography on the Charleston Bump, to pinpoint bottom features that may
attract fishes and which influence oceanography of the region.

3. Describe seasonality of occurrence of adults and juveniles of economically valuable

pelagic and bottom-living species, using existing NMFS longline logbook data, on-board
observers on commercial longline vessels, and tagging of regulatory discards and other
fishes.

4. Describe oceanographic features (currents, circulation, sources, productivity) that may
_explain the distribution and abundance of early life stages of fishes, relative to the Bump.

These objectives were addressed in the first year of a planned three-year study of the Charleston
Bump. The investigators intend to seek additional funding to extend this project for at least an
additional two years, to conduct follow-up studies related to initial findings. Additional funding
will be sought to describe seasonality of occurrence of larvae and juveniles of economically
valuable pelagic and bottom-living species, by conducting plankton surveys and experimental
longline and trapping surveys designed for sampling early life stages; to determine relative
abundance of these early life stages in relation to the location of the Charleston Bump; and to
examine recruitment to the bottom of pelagic early life stages of wreckfish (Polyprion
americanus) and other bottom-living fishes [alfonsin (Beryx splendens), barrelfish
(Hyperoglyphe perciformis), blackbelly rosefish (Helicolenus dactylopterus), sharks (Squalus
cubensis, Squalus blainvillei, Hexanchus griseus)], using experimental fish traps and longlines.
The purpose of this report is to describe the results of the Year 1 efforts. First year tasks
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consisted of the Charleston Bump Colloquium, bottom mapping, oceanographic description,
satellite tagging of swordfish and description of pelagic longline efforts on the Charleston Bump.

Methods

Charleston Bump Colloquium and Proceedings

The Charleston Bump Colloquium was convened in Charleston, South Carolina, on 28-
29 October 1999 (program and abstracts included in Appendix 1). Approximately 80
participants from around the U.S. and two foreign countries heard 19 presentations on the
geology, oceanography and fisheries of the Charleston Bump, and additional papers on similar
habitats and fisheries from other regions (Madeira, Bermuda, Gulf of Mexico, Hawaii, Middle
Atlantic Bight). Manuscripts from the presenters were submitted by the authors, peer reviewed,
and most of these have been forwarded to the American Fisheries Society Books Department for
incorporation into an edited volume to be published later this year (Sedberry, 2000).

Bottom Mapping

Mapping of bottom topography of the Charleston Bump was conducted from the NOAA
Ship Whiting, during opportunities provided by NOAA while the ship was in transit from its
home port in Norfolk to Florida. Three surveys were conducted (April and June, 1999; April
2000). Bottom mapping from the Whiting concentrated on the wreckfish grounds (see Figure 1;
Figure 5). Soundings were recorded continuously using a single beam echosounder interfaced
with GPS. GPS positions were recorded every 200 m along transects. Transects were spaced
500 m apart, and generally ran in a north-south direction. Occasional transects were conducted
at an angle to the main transects, in order to cross-check previous soundings. Soundings were
taken at a vessel speed of 10 knots, except in areas of steep relief, where the vessel speed was
lowered to 5 knots.

Soundings data for the first Whiting cruise (April 1999) were collected using a Raytheon
DSF-6000N echosounder using a 12kHz frequency transducer. On subsequent Whiting cruises
(June 1999, April 2000) an ODOM Hydrographic Systems Echotrac DF3200 MKII echosounder
was used with a 24kHz transducer. A Sea-Bird SEACAT SBE-19 CTD (conductivity,
temperature, depth probe) was used to determine temperature and salinity profiles. Sound
velocity profiles from CTD data were calculated with Seasoft 3.3M and Seacat 3.1 software.
The program Velocity 4.0 for windows (5.0 for 2000 cruise) was used to process the collected
data and calculate sound velocity corrections for depth measurements. A TSS DMS-05 dynamic
motion sensor collected heave, pitch and roll (HPS) data. HPS data were applied to raw
soundings data for correction during HPS processing. Tidal time and ratio correctors were
received from NOAA/HSD and applied during post-processing to 6 min tidal values based on
the Charleston tide gage. Positioning information was collected using a Trimble DSM212L GPS
Receiver with integrated DGPS VHF receiver. Differential corrections were received from
either the Ft. Macon NC, Charleston SC or Miami FL radiobeacons. Antenna positions were
corrected for offset and layback and referenced to the position of either the ODOM or Raytheon
echosounder transducer depending upon which was in use at the time. Accuracy requirements
were met as specified in the NOAA Hydrographic Manual and Field Procedures Manual (FPM).
The Horizontal Dilution of Precision (HDOP) and Estimated Position Error (EPE) as specified in
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Figure S. Cruise track of R/V Palmetto (line) during hydrographic survey,
and area covered by NOAA Ship Whiting (polygon) during bottom
mapping surveys.
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the FPM were monitored during on-line data collection. If the positioning degraded beyond the
acceptable limits while on-line, the data were either rejected or smoothed, depending on the
extent of the affected data. Coastal Oceanographics HYPACK 8.9 (beta version 00.4 in 2000)
software was used exclusively for all data acquisition. Processing of sounding data was
accomplished using NOAA HPS (Hydrographic Processing System included in HYDROSOFT
9.4), Mapinfo 4 (Mapinfo 4.9 in 2000), and the HPS-MI MapBasic application.

Additional bottom soundings were taken during hydrographic sampling cruises aboard
the R/V Palmetto, described below. Soundings were taken continuously and recorded
(uncorrected) with GPS coordinates every 200 m along the cruise track (Figure 5). Sampling
density was much lower than that from the Whiting cruises. Data from the Whiting cruises and
Palmetto cruises were combined for the area of the wreckfish grounds, and used to construct a
three-dimensional image of the wreckfish grounds on the Charleston Bump. Data from the
oceanographic cruises alone were not useful for constructing three-dimensional images of areas
outside the Whiting survey area, but will be combined with data from future oceanographic
cruises to expand the coverage of the area surveyed by the Whiting. '

Oceanographic Sampling

Oceanographic, chlorophyll, meteorological, and topographic data were collected aboard
R/V Palmetto during two cruises in spring of 2000 (Figures 5-7). The main objective of the first
cruise (11-14 April 2000) was to take oceanographic measurements and map the bottom
topography of the high-relief wreckfish grounds of the Charleston Bump. This cruise covered
the area between 31°12' - 32°12'N, and 78°00' - 79°12'W, over depths from 432-784 m. CTD
casts were made at 37 regularly spaced stations on a grid [22 x 18.5 km (12 x 10 nautical miles)]
that covered the main topographic features of the Charleston Bump (Figure 6). A SeaBird
SBE25-03 Sealogger CTD equipped with SBE 3 and SBE 4 sensors (conductivity, temperature,
pressure) and SeaTech fluorometer for measuring chlorophyll-a was used.

The main objective of the second cruise was to collect oceanographic and productivity
data in the area of the Charleston Gyre, as well as to map bottom topography in this region. This
cruise took place from 8-12 May 2000. The station plan (Figures 6 and 7) was designed to
include the suspected area of the Charleston Gyre, and to include transects spaced 37 km (20
nautical miles) apart that were perpendicular to the shelf break (e.g. Stations 1-9 on Figure 7). A
total of 28 stations was conducted in the area between 32°0' - 33° 30'N, and 77°0' - 79°50'W,
over depths from 19-826 m. Stations were spaced 43 km (23 nautical miles) apart along the
transects that were normal to the shelf break (Figure 7). Five locations along the northernmost
transect of the first cruise were sampled again during the second cruise, in order to determine the
changes in oceanographic parameters that possibly could have occurred between cruises. The
sampling grid from both cruises combined covered the main topographic features of the
Charleston Bump (Figure 6) and the oceanographic features of the Charleston Bump and
Charleston Gyre (Figure 7). In addition to CTD casts, continuous (every 200 m along the cruise
track) recording of position, depth, sea surface temperature (SST) and fluorometry (Turner
Designs Model 10-AU-005-CE fluorometer) was conducted on both cruises.
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Figure 6. CTD stations occupied during R/V Palmetto cruises. Each symbol

indicates a CTD cast. Open circles represent stations sampled on the first
cruise; closed circles were sampled on the second cruise.
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Figure 7. Composite sea surface temperature image (7-d image, ending 15 May
2000). Deflection of the Gulf Stream offshore is clearly visible at about 32°30°N.
Note the Charleston Gyre at about 32°45'N, and warm filaments southeast of
Charleston and east of the Carolina bays. This is a composite image from about
the time of sampling aboard the R/V Palmetto. CTD sites sampled are indicated.
White circles were sampled on the first cruise and black circles were sampled on
the second cruise. Squares and triangles are stations included in the transect
analysis (see Figures 12, 14, 16, 18 and 19).
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At each station (Figures 6 and 7), the CTD was deployed to measure depth, temperature,
salinity and chlorophyll-a from the surface down to 350 m. At each CTD sampling station, 1200
ml of seawater was collected from the surface via an electric pump for chlorophyll-a analysis
and to calibrate water-column fluorometry measurements taken by the fluorometer mounted to
the CTD. The surface sample was filtered through a 25 mm GF/F microfiber filter under
vacuum. The filters were stored at -80°C until analysis. In the laboratory, chlorophyll was
extracted from the filter pads by immersion in 90% acetone for 24 h. The samples were then
measured on a Turner 10-AU-005-CE fluorometer using the Welschmeyer non-acidification
method, and cross-checked on a Turner 10-AU-000 fluorometer.

Surface, 50 m, 100 m, 200m and bottom (to 350 m) measurements of water temperature,
salinity, density and chlorophyll-a concentrations were plotted using ArcView Version 3.1 GIS
software (ESRI, 1999) and Spatial Analyst Version 1.1 (ESRI, 1998). Vertical profiles of water
temperatures along two transects normal to the shelf break (Stations 1-9 on Figure 7) were
plotted using Surfer Version 7 (Golden Software, 1999). For stations deeper than 350 m
(maximum CTD depth), values at 350 m were combined with bottom data for stations shallower
than 350 m to identify the maximum dimensions of the Charleston Gyre and upwellings.

Density (sigma-t) values were calculated according to Fofonoff and Millard (1983).
Dynamic height anomalies (dynamic meters) and geostrophic current velocities (m/sec) relative
to 350 dbar level (maximum depth of CTD casts) were computed using the dynamic method
(Helland-Hansen, 1934, cited in Fomin, 1964). Surface values obtained by the above procedure
were compared with the values calculated using conversion to a reference level of 3000 dbar,
which is based on the assumption that dynamic height is largely a function of thermocline depth,
especially in the regions of cyclonic eddies (Cheney, 1982). Although this method does not
reflect the fine structure of the very upper layer, it is still useful in identifying the major
circulation patterns.

NMFS Longline Logbook Analyses

NMES longline data for the western North Atlantic (catch and discard locations) from
five years (1992 - 1996) were combined into a single data set, which was queried for latitude,
longitude and catch data for swordfish, sailfish, blue marlin and white marlin. These were the
species most frequently occurring in the database for the Charleston Bump area. Data for each
species were imported into ArcView Version 3.1 GIS software (ESRI, 1999), which was used to
create a shapefile, consisting of points on a map, with attributes attached. After creating the
shapefile for a species, the “calculate density” command in ArcView Spatial Analyst Version 1.1
(ESRI, 1998) was used to derive a density grid for longline locations. Density was calculated as
the number of longline sets per square mile that caught the species of interest. The greater the
density, the more longline sets in that square mile grid that caught the species in question. No
catch totals (e.g. number of fish per set) or measures of effort (e. g. number of hooks, miles of
line, etc.) were factored into the analysis because those data were often lacking or not
standardized in the data set. This analysis was intended to look only at spatial relationships of
longline set density and species occurrence as presence/absence. The species shapefiles (points)
and density grids were then overlaid on existing GIS data to create maps of catch density
(number of longline sets that caught the species in question per square mile). A total of 75,959
longline sets from the western North Atlantic were included in the analysis, of which 10,397 sets
occurred in the South Atlantic Bight (29°11' to 35°26'N and 73°48' to 80°30'W).
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Satellite Tagging

Tagging of swordfish with “pop-off” tags commenced in April 2000. Twenty-eight
swordfish and two sailfish (Istiophorus platypterus) were tagged (Table 1).

Swordfish and sailfish were captured aboard a commercial longlining vessel, primarily
during late April and early May 2000, in the Gulf Stream waters of the Charleston Bump area
(Table 1; Figure 8). We intended to tag only swordfish, but we also wanted to first test the
tagging system with a relatively quick-release (5-day) tag. We needed to do this prior to tagging
with longer-term tags, and we tagged the first two fish caught with 5-day tags. One of these was
a sailfish. We tagged an additional sailfish with a 90-day tag, to further examine movements in
this species. Thirty swordfish and two sailfish were tagged.

Fish captured alive and in good condition were brought alongside the vessel and double-
tagged with a satellite pop-off tag (Model PTT-100, Microwave Telemetry Inc.) and a
conventional streamer tag. The pop-off tags consisted of a satellite transmitter attached to a
double-barbed nylon dart tip with a heavy monofilament leader, and were applied with a
fiberglass tagging pole with a stainless steel tip (Graves et al., in press). Water column
temperature profiles were measured with a CTD deployed from the R/V Palmetto working in the
vicinity of the tagging locations, at approximately the same time.

The satellite tags were manufactured by Microwave Telemetry Inc. of Columbia MD
with preset release intervals of 5 d (2 tags) 30 d (10 tags), 60 d (10 tags), or 90 d (10 tags), and
were deployed in alternating order by release time (first the two 5-d tags, then 30, 60, 90, 30, 60,
etc.).

Each tag contained enough memory to record 60 temperature readings during the
attachment interval. The time interval between each temperature record was dependent on how
long the tag would be attached to the animal (e.g. 60 temperature readings for a 30-d tag resulted
in a temperature record every 12 h). Each temperature reading recorded into memory was an
average of temperatures taken hourly since the end of the previous interval (if a temperature is
recorded every 12 h, each record is an average of the previous 12 hourly temperature readings).
The tags also recorded a single inclinometer measurement during the attachment interval, which
gave a general estimate of the angle of the tag relative to vertical throughout the attachment time.
Inclination and water temperature measurements gave an indication of the success of each tag, as
tags floated vertically in the water when they were released (prematurely, or as programmed),
and water temperature data can indicate a diel activity pattern in a vertically-migrating fish such
as swordfish. When the release time was reached, electrical current applied to a thin wire
promoted rapid corrosion of the linkage and thus released the tag from the fish. The tag then
floated to the surface and began transmitting data. Each transmission included the latitude and
longitude, real-time sea surface temperature, and current inclination of the tag, as well as a
portion of the archived temperature and inclination data stored in memory. The entire archived
data set was generally recovered after 5 to 10 satellite contacts with the tag.

Tagging location and pop-off locations were plotted on bottom topography and SST
images, with positions geo-referenced using ArcView Version 3.2a GIS software (ESRI, 2000).
Bottom topography images were obtained from the National Oceanic and Atmospheric
Administration (NOAA) National Geophysical Data Center (NGDS) web site
(http://www.ngdc.noaa.gov). SST images from Advanced High Resolution Radiometry
(AVHRR) satellites were 7-d composite images assembled from about the date of tag pop-off,
and made available courtesy of the Ocean Remote Sensing Group, Johns Hopkins University
Applied Physics Laboratory web site (http://fermi.jhuapl.edu/avhrr/).
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Table 1. Tag and release data for all swordfish and sailfish tagged during the study. * = sailfish, NC = tag
never made contact with ARGOS satellites, NP = tag made weak contact with satellites, no position recorded,
LJFL = tip of lower jaw to fork of tail length. Distance traveled is the minimum straight-line distance from

tagging point to pop-off point.

Pop-off Tagging LJFL Tagging Position Pop-off Pop-off Position Distance
Delay  Date (cm) Lat(N) Long(W) Date Lat(N) Long (W) Traveled
(d) (mo/day) (mo/day) (km)
5 04/27 91.4 31059.3' 78043.0' NC - - -

5* 04/28 127.0 31059.3' 78031.4' 05/03 31012.8' 78050.9' 98.2
30 04/28 121.9 31058.4" 78029.4' 05/29 32058.0' 76048.1' 193.0
30 04/30 121.9 31057.3' 78033.9 06/14 31053.9' 78038.9' 11.0
30 05/01 101.6 32000.8' 78032.9' 06/22 NP NP -

30 05/02 81.3 32001.1' 78018.7' 05/31 33000.8' 73030.0' 492.4
30 05/03 127.0 31056.1' 78050.0' 06/02 31037.1' 68054.4' 920.0
30 05/03 914 32006.7" 78043.5' 06/02 33052.7" 62045.1' 1486.8
30 05/03 101.6 32006.3' 78042.1' NC - - -

30 05/03 86.4 32005.2" 78034.9' 06/07 31009.5' 72045.1' 563.8
30 05/06 96.5 32005.3' 78045.0" NC - - -

30 05/06 165.1 32009.1' 78019.0' 06/08 32015.5' 77058.3' 35.1
60 04/30 106.7 31058.3' 78037.6' 06/29 390134 57044.9' 2040.8
60 05/01 1219 31001.6' 78040.1' NC - - -

60 05/01 106.7 32000.2" 78030.6' 07/03 33021.7" 77037.1' 173.0
60 05/02 182.9 32000.2' 78016.1' NC - - -

60 05/03 914 32001.8' 78046.9' 06/30 39033.0' S5lo45.4' 25470
60 05/03 91.4 32006.7" 78043.3' NC - o -

60 05/03 71.1 32006.1' 78038.3' 07/03 33015.7" 76040.6' 223.7
60 05/03 91.4 32004.9" 78034.3' NC - - -

60 05/06 914 32005.0' 78029.5' 07/07 38028.3' 72007.4' 927.8
60 05/06 66.0 32009.3' 78042.2' 07/09 35043.6' 71003.4' 810.4
90 04/30 127.0 31057.8" 78035.4' 08/05 36010.7" 69012.7' 980.9
90 05/01 152.4 32001.5" 78040.3' 07/30 37022.4' 73044.8' 743.5
90 05/02 - 32001.8" 78023.9' 08/10 37012.5' 71033.2' 860.3
90 05/03 91.4 31056.4" 78050.1' 08/04 31007.3' 78015.2' 107.6
90 05/03 182.9 32002.1' 78045.6' 08/05 31059.8' 78032.6' 21.1
90 05/03 101.6 32006.3' 78042.3' 08/05 39046.9' 52026.9' 2497.1
90 05/03 76.2 32006.0' 78038.1' 07/31 NP NP -

90 05/03 71.1 31059.3' 78030.8' 08/04 280504 74002.5' 563.6
90 05/06 76.2 32000.8' 78020.7' 08/06 39047.6' 45052.0' 3053.2
90* 06/19 374 32009.0'  78042.0' 09/13 34041.3' 61049.8' 1581.3
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Figure 8. Topographic image of the western North Atlantic showing tagging and release points
for all satellite tags in this study. White circles are tagging points. Swordfish tag pop-off points
are indicated by yellow plus signs (+) for 30-d tags, yellow crosses (x) for 60-d tags and yellow
squares for 90-d tags. Sailfish pop-off points are indicated by yellow circles.
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Results and Discussion

Charleston Bump Colloquium and Proceedings

The Proceedings of the Charleston Bump Colloquium are being published as an
American Fisheries Society Symposium Volume, Number 25 (Sedberry, 2000). Edits are being
made on the final two manuscripts, which should be submitted to AFS before the end of 2000.
Sixteen papers, covering geology, oceanography, and fisheries of the Bump will be included in
the Proceedings. The contents of the Proceedings will include the following chapters:

“Gulf Stream Physical Oceanography at the Charleston Bump: Deflection, Bimodality,
Meanders and Upwelling”, by John M. Bane, Jr., Larry P. Atkinson, and David A. Brooks

“Geostationary Satellite Animation of the Gulf Stream at the Charleston Bump”, by Richard
Legeckis and Paul Chang

“Origin and History of the Charleston Bump--Geological Formations, Currents, Bottom
Conditions, and Their Relationship to Wreckfish Habitats on the Blake Plateau”, by Peter
Popenoe and Frank T. Manheim

“The Charleston Bump: An Island of Essential Fish Habitat in the Gulf Stream”, by George R.
Sedberry, John C. McGovern and Oleg Pashuk

“Geographic Distribution of Longline Effort and Swordfish Discard Rates in the Straits of
Florida and Oceanic Waters of the Continental Shelf, Slope and Blake Plateau off of Georgia and
the Carolinas from 1991 to 1995", by Jean Cramer '

“Assessments of the Wreckfish Fishery on the Charleston Bump”, by Douglas S. Vaughan,
Charles S. Manooch III and Jennifer C. Potts

“The Charleston Gyre as a Spawning and Larval Nursery Habitat for Fishes”, by John J. Govoni
and Jonathan A. Hare

“Trophic Subsidies at the Charleston Bump: Food Web Structure of Reef Fishes of the Outer
Continental Shelf and the Upper Continental Slope of the Southeastern United States”, by
Douglas C. Weaver and George R. Sedberry

“Cephalopods of the Continental Slope East of the United States”, by Michael Vecchione

“Benthic Habitats and Associated Fauna of the Upper-and Middle-Continental Slope Near the
Charleston Bump”, by E.L. Wenner and C.A. Barans

“Understanding Environmental Influences on Movements and Depth Distributions of Tunas And

Billfishes Can Significantly Improve Population Assessments”, by Richard W. Brill and Molly
E. Lutcavage
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“Exploitation Related Changes in the Growth and Reproduction of Golden Tilefish, and the
Implications for the Management of Deepwater Fisheries”, by Patrick J. Harris, Sandra M.
Padgett and Paulette T. Powers

“Tagging Techniques Can Elucidate the Biology and Exploitation of Aggregated Pelagic
Species”, by Kim N. Holland, Steven M. Kajiura, David G. Itano and John Sibert

“Atlantic Blue Marlin and Yellowfin Tuna: Comparative Population Vulnerability to Fishing
Mortality”, by C. Phillip Goodyear

“Landings, Seasonality, Catch per Unit Effort and Tag-Recapture Results of Yellowfin Tuna
(Thunnus albacares) and Blackfin Tuna (7. atlanticus) at Bermuda”, by Brian E. Luckhurst,
Tammy Trott and Sarah Manuel

“The Charleston Bump: Policy Context and Public Involvement”, by John V. Miglarese and
Robert H. Boyles, Jr.

The final publication will consist of these papers, and will include 38 tables and 331
figures (40 color).

Bottom Mapping

Bottom mapping analysis is only preliminary, as subsequent Palmetto cruises in Year 2
and beyond will add to the database. For this report, we have concentrated on the high-density
sampling conducted aboard the NOAA Ship Whiting. That survey concentrated on the wreckfish
grounds between 78°43' and 78°53' W and shoaling bottom topography to the north of 31°15 N,
up to 32°N. The data indicate a northward-inclining ramp, with a series of ridges, scarps and
scour depressions (Figure 9). At about 31°15'N, the bottom begins to slope upward toward the
north from depths of about 570 m. North of this area, from about 31°20' to 31°25 N is a series of
ridges with depths shoaling to 510 m on top of the ridges and 550 m in the valleys between
ridges. To the north of the ridges, the bottom is relatively smooth and slopes gradually upward
to rough bottom at the top of a system of scarps, at about 430 m depth. Northward of this shoal,
the bottom drops precipitously at a series of scarps, dropping down to depths greater than 580 m
at the bottom of scour depressions to the north of the scarp. Northward of the scarps, which are
important wreckfish habitats, the bottom is very rough, and shoals up to depths of 350 m at the
northwest corner of the survey area on the upper continental slope. Catches of wreckfish on
fishery research cruises indicate that they are associated with the series of ridges at 31°20' to
31°25 N, and are particularly abundant around the scarps (Popenoe and Manheim, 2000;
Sedberry et al., 2000; Sedberry unpublished data). Additional sampling of demersal fishes and
submersible observations are needed to evaluate the relative importance of smooth, rough, ridge
and scarp habitats on the Blake Plateau in the life history of wreckfish and other demersal fishes.
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Figure 9. Images of bottom topography from NOAA Ship Whiting survey of the Charleston
Bump in the vicinity of the wreckfish grounds. The top image is a view “from above”, while the
lower image is a three-dimensional view of the topography in the area surveyed. The area
surveyed corresponds to the shaded polygon in Figure S (south is left, north is right). Depths
range from 355 to 632 m. R =ridge area, S = scarp area, SD = scour depressions associated
with scarps, SS = smooth slope zone. Scarps and ridges are important wreckfish habitats.
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Oceanographic Sampling

The results of oceanographic sampling are displayed in series of horizontal and vertical
graphs (e.g. Figures 10, 11, 12). Data from both cruises were combined on all horizontal plots,
because examination of results from five stations that were sampled during both cruises revealed
that there was little change in oceanographic parameters between the cruises. Examination of
satellite SST images (http://fermi.jhuapl.edu/avhrr/) also indicated little change between cruises.

Temperature-depth profiles for Stations 1-9 (Figure 7) indicated a rising of the
thermocline in areas of suspected upwelling of cooler water, between Stations 2-3 and Stations
6-7 (Figure 10). The main axis of the Gulf Stream was apparent between Stations 2-3 and 7-8.

Surface temperatures progressively increased from about 20.0°C inshore in the Cape
Romain area (33°15'N, 79°17W), to 26.0°C offshore in the Gulf Stream and the western Sargasso
Sea (Figure 11). Relatively weak horizontal temperature gradients indicated a gradual warming
of the surface waters. Isotherms, in general, followed the isobaths more closely on the shelf as
compared to isotherm patterns offshore where they were more diffused. Temperatures at 50 m
ranged from 19.5°C to 26.0°C. Contrary to the surface distribution, the lowest temperatures were
observed both inshore and offshore of the shelf break in the area between 32°30'N and 33°15'N ,
and they were indicative of upwelling. The intrusion of the upwelled waters onshore was
reflected by the temperature minimum which was located on the outer shelf near 33°N. A small
pool of colder upwelled waters was also present near the shelf break at about 32°N. Deeper (100
m) distribution patterns of temperature clearly showed upwelled cold waters within the core of
the Charleston Gyre, between 32°N and 33°15'N. Temperatures ranged from 15.0°C in the
upwelling to 25.0°C in the area of the initial deflection of the Gulf Stream seaward. At 200-m
depths, temperatures ranged from 8.5°C at about 32°30'N, within the large upwelling area just to
the east of the shelf break, to about 23.0°C at about 32°N farther offshore, in the area of the
initial deflection of the Gulf Stream seaward. A broader and better defined Charleston Gyre was
present between 31°45'N and 33°15'N. Deepest temperature distributions showed the Gulf
Stream main flow, its deflection seaward, and the large elongated cyclonic Charleston Gyre with
the upwelling in its cold core. Bottom temperatures on the shelf ranged from 22.0°C inshore to
8.5°C near the shelf break, and from <8.0°C to 19.0°C at 350 m depths offshore. The lowest
temperatures offshore were observed in the upwelling area, and the highest 350-m temperatures
were within the Gulf Stream deflection.

Temperature contours drawn from surface and subsurface sampling clearly defined the
region where the Gulf Stream was deflected by the Charleston Bump at about 32°N (Figure 11).
Although somewhat obscured by seasonal warming and wind mixing at the surface, deflection
was particularly obvious in deeper waters (e.g. 200 m and bottom plots in Figure 11),
corresponding to the deflection observed in SST satellite images (e.g. Figure 4). The initial
deflection of the Gulf Stream offshore was observed between 31°45'N and 32°N. A large
meander was formed downstream of the deflection, between 31°45'N and 33°15'N. An elongated
cyclonic Charleston Gyre was evident in the trough of this meander. The Gulf Stream main front
(as defined by 15°C at 200m depth) was deflected offshore about 90 km from the shelf break
(Figures 11 and 12).
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Figure 10. Temperature-depth profiles measured by CTD at Stations 1-4
(top) and 5-9 (bottom). See Figure 7 for station locations. Rising of the
thermocline in upwelling areas is evident at Stations 2-3 and 6-7. The
Gulf Stream axis is between Stations 3-4 and 7-8.
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Figure 11. Plots of horizontal distribution of temperature (°C) at the surface, 50 m, 100 m, 200 m,
and the bottom (or at 350 m). Note upwelling of cool water that is particularly evident at
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Figure 12. Vertical distribution of temperature (°C) along two transects in the vicinity of the
Charleston Gyre, and normal to the shelf edge. Station numbers refer to Stations 1-9 on Figure 7.

Upwelling is indicated by doming of isotherms, and the Gulf Stream axis is located between
Stations 3-4 and 7-8.
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Vertical distribution of temperature (Figure 12) along two selected transects in the
vicinity of the Charleston Gyre (see Figure 7), also indicated major features such as the Gulf
Stream axis and its main front (western wall as identified by 15°C at 200 m depth). Upwelling of
the deep cold waters between the western wall and the continental slope are clearly identifiable
on vertical plots, as a doming of isotherms (Figure 12). The Gulf Stream main front and the
Gulf Stream axis were located between Stations 2-3, and 7-8. Some sloping of the isotherms
downward on the inshore side of the upwelling indicated weak southward flow within the
western side of the Charleston Gyre. A broad and gradual Gulf Stream front on the Sargasso Sea
(offshore) edge was evident between Stations 8-9 (note that current velocities decreased as
compared to Stations 7-8 in Figure 19).

An upwelling of deep cold water was located within the core of the Gyre. This water
rose into the euphotic layer from at least 400 m depth, based on surface dynamic height
differences (Tomczak and Godfrey, 1994). Thermal structure of the cold core suggests that the
Gyre was formed at least 3-4 months prior to our sampling (Cheney, 1978).

Surface salinities ranged from 33.75 psu inshore to 36.35 psu offshore (Figure 13). The
lowest values were observed south-southwest of Cape Fear, and east-northeast of Charleston SC,
indicating seaward spreading of lower salinity terrestrial runoff. Salinities at 50 m ranged from
35.80 psu inshore, to 36.5 psu far offshore. Lowest values were south of Cape Fear. Overall,
50-m salinities were relatively high, and they varied little throughout the area. Salinity
distribution at 100 m exhibited two distinct locations where values were lower than in
surrounding areas. These pools of low salinity indicated a presence of upwelled waters. Both
were just offshore of the shelf break. One was between 32°30'N and 33°N; the other was located
between 31°45'N and 32°15'N. Salinity values ranged from slightly less than 36.00 psu in the
southern low-salinity pool to 36.85 psu far offshore, indicating presence of the subsurface
Sargasso Sea waters. Salinity distribution at 200-m depths also clearly showed the large area of
the low-salinity upwelling just offshore of the shelf break. It occupied the area between 31°45'N
and 33°N. Apparently, the two low-salinity pools seen at 100 m have the same source at the
deeper levels. Salinity values ranged from <35.20 psu in the upwelling, to 36.80 psu far
offshore, in the area of the initial deflection of the Gulf Stream. This high-salinity water is
representative of the subsurface Sargasso Sea waters. The deepest salinity measurements also
identified a very large area of low-salinity upwelling between 31°45'N and 33°15'N. Salinity
values ranged from about 34.75 psu in the southern area of the upwelling, to about 36.75 far
offshore. It is interesting to note that the lowest-salinity water at 350-m depths also had very
low temperature (7.8°C). Temperature-salinity (T/S) relationships suggest that this water has a
signature of the Antarctic Intermediate Water that was advected northward along the Blake -
Plateau. Atkinson (1983) also reported a presence of this water type in the area.

Vertical distribution of salinity along the two transects (Figure 7) was similar to
temperature patterns, but only at the depths below 100 m, where distribution reflected the
oceanographic features described above. Low salinity upwelled waters are depicted by doming
of isohalines (Figure 14). Gulf Stream waters with salinities 35.8-36.4 psu at depths from 100-
350 m were found between Stations 3-4, and 7-8. In addition, high-salinity (up to 36.8 psu)
subsurface Sargasso Sea waters were located at depths of 75-200 m between Stations 8-9. A
shallow pool of low-salinity shelf waters was present between Stations 1-2. With an exception
of this pool, there was very little salinity difference along both transects in waters shallower than
about 75 m. Similar horizontal distribution of salinity throughout the area was found at 50 m
(Figure 13).
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Figure 14. Vertical distribution of salinity (psu) along two transects in the vicinity of the
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cold, lower salinity water. The Gulf Stream axis is between Stations 3-4 and 7-8,
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In general, density (sigma-t) distribution patterns were similar to temperature patterns,
especially below the surface (Figure 15). Surface sigma-t values ranged from 23.15 to 24.95. In
general, densities were lowest inshore and highest near the shelf break. High values near the
shelf break were apparently associated with the upwelling of deep waters and their advection
onto the outer shelf at 40-75 m depths. Density values decreased again seaward of the shelf
break. Although not clearly defined at very surface due to seasonal heating and wind action,
cyclonic circulation was nevertheless suggested around high surface values near the shelf break
in the area between 32°30'N and 33°15'N. Offshore spreading of the coastal waters was evident
on the shelf east-northeast of Charleston SC, and off northern Long Bay. Sigma-t values at 50 m
ranged from 23.75 to 25.85. Again, the highest values were observed near the shelf break
between 32°30'N and 33°15'N. Unlike the surface patterns, the upwelling of dense deeper waters
and cyclonic circulation around it were better detectable in this area from sigma-t distribution at
50-m depth. The intrusion of the upwelled waters onshore was also identified by the density
maximum located on the outer shelf at about 33°N. Smaller upwelling was also present at
32°12'N. Density values at 100 m ranged from 24.25 to 26.85. An inshore-offshore spreading of
isopleths, with an extended distribution along the shelf break, was clearly visible between 32°N
and 33°15'N and indicated the cyclonic Charleston Gyre with dense upwelled deep waters in its
core. The highest densities were in the upwelling, and the lowest were offshore in the area of the
Gulf Stream initial deflection seaward at about 32°N. Sigma-t values at 200 m ranged from
252510 27.25. A long and wide cyclonic Charleston Gyre with dense upwelled deep waters in
its core was even better organized at this depth, between 31°45'N and 33°15'N. The highest
densities were in the upwelling, with a maximum at about 32°30'N; the lowest values were in the
area of the Gulf Stream initial deflection at about 32°N, similar to the 100-m sigma-t
distribution. The bottom (to 350 m) sigma-t values were similar to temperature patterns and
demonstrated the magnitude of the Charleston Gyre, and the upwelling during the study period.
Bottom values on the shelf ranged from 24.25 just to the east of Cape Romain at about 33°N, to
26.50 near the shelf break, and from 26.35 to 27.50 at 350 m offshore. Again, the highest
densities were within the upwelling, and the lowest 350-m densities were in the area of the initial
defection of the Gulf Stream seaward.

Vertical distribution of sigma- t was almost identical to the temperature patterns (Figure
16). All major features described in temperature section (above), were also identifiable in
sigma-t distribution. Dense upwelled deep waters with sigma- t values > 27.2 were indicated by
doming of isopycnals.

Surface chlorophyll-a values ranged from <0.1 pg/l to >1.1 pg/l (Figure 17). The
highest values were observed near the shelf break at about 32°N, and they were clearly
associated with the highest point of the upwelling of the deep, nutrient-rich waters into the near-
surface layer in the center of the cold core of the Charleston Gyre. With an exception of this
location, surface chlorophyll-a values were <0.2 g/l throughout the area. Chlorophyll-a
distribution at 50 m showed very high values compared to the surface, along the shelf break and
just inshore and offshore of it, between 31°45'N and 33°15'N. Apparently, the upwelled waters
were reaching the 50 m level over a much larger area than that in which they were reaching the
surface. Chlorophyll values ranged from about 1.0 pg/l offshore, to over 9.0 g/l near the shelf
break at 50 m. Chlorophyll-a distribution at 100-m showed that the highest values were near the
shelf break between 33°N and 33°15'N, and were associated with the upwelling. Relatively high
values up to about 7 g/, were also evident offshore at 32°15'N, and they were near the
deflected Gulf Stream main front (western wall). Chlorophyll values at 100 m ranged from
about 1 pg/l to 13 pg/l.
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Figure 15. Horizontal distribution of density (sigma-t) at the surface, 50 m, 100 m, 200 m,
and the bottom (or at 350 m). The upwelled water in the core of the Charleston Gyre is clearly

visible at all subsurface levels.
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Figure 16. Vertical distribution of density (sigma-t) along two transects in the vicinity of the
Charleston Gyre, and normal to the shelf break (see Figure 7). Station numbers refer to
Stations 1-9 on Figure 7. The upwelling of dense deep water is clearly visible near the
continental slope by the doming of isopycnals. The Gulf Stream axis is between

Stations 3-4 and 7-8.
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Figure 17. Horizontal distribution of chlorophyll-a (ug/l) at the surface, 50 m, 100 m, 200 m,
and the bottom (or at 350 m). Note high concentrations of chlorophyll-a associated with areas of

upwelling of cold deep water (see Figure 11).
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Chlorophyll-a levels diminished with increasing depth. At 200 m, chlorophyll-a
exhibited much lower values offshore, as compared to 100-m level. Again, the highest values
were observed near the shelf break between 33°N and 33°15'N. Values ranged from 1 pg/l to
about 10 pg/l. Contrary to 100-m chlorophyll-a distribution, offshore values were very low at
the 200-m level, even in the upwelling area, apparently in response to extremely low light at this
depth. At the 350-m level, chlorophyll-a values offshore were very low due to restricted light.
On the bottom at the outer shelf, which is within the euphotic zone, two distinct areas of the high
chlorophyll-a concentrations were present. One such area was between 33°N and 33°15'N, and
the other was between 32°N and 32°20'N. Those areas were near the northern and southern
limits of the intruded upwelled waters, where thermocline descended to the bottom.
Chlorophyll-a values ranged from about 1 pg/l at 350 meters offshore, to over 12 pg/l in the
northern area of high chlorophyll-a concentration.

Vertical distribution of chlorophyll-a clearly shows its association with the upwelling of
the nutrient-rich deep waters into the euphotic layer (Figure 18). The highest concentrations
were observed along both transects within the doming of the thermocline (Figure 12) and
pycnocline (Figure 16), from 100 m depths offshore to maximum chlorophyll values at 50 m
near the shelf break. High values were observed within the temperature range of 18-21°C, and
the chlorophyll maximum (>9 pg/l) occurred at Station 2 and Station 6, in both cases at 20°C, at
50m depth.

Areas of upwelling and high chlorophyll-a densities coincide with high abundance of
larval fishes. Ichthyoplankton studies have shown that high concentrations of larvae of
economically valuable species are associated with upwelling along the shelf edge between 32-
33°N. Larvae of king mackerel (Scomberomorus cavalla), bluefish (Pomatomus saltatrix) and
menhaden (Brevoortia tyrannus) are more abundant in the areas of upwelling described above,
than in other regions of the SAB (Yoder et al., 1981; Collins and Stender, 1987; Govoni and
Hare, 2000). It is likely that larvae of other fishes utilize this upwelling area as well, and the
shelf edge is an important spawning ground for reef fishes that may utilize this highly productive
region (Powles, 1977; Sedberry et al., 2000).

Surface geostrophic velocities calculated for the two selected transects (Stations 1-9,
Figure 7) across the Charleston Gyre using the traditional dynamic method (Helland-Hansen,
1934) and a conversion method (Cheney, 1982) had drawbacks. In the dynamic method, a
choice of the reference level was limited by 350 dbar (maximum depth capacity of the CTD
used). The conversion method did not account for the fine structure of the very upper layer.
Nevertheless, both methods produced similar results, especially for the Gulf Stream flow. After
a comparison of the surface velocities obtained using both methods, the Helland-Hansen (1934)
method was applied in computation of the vertical distribution of geostrophic current velocities
(m/sec) along the two selected transects (Figure 19). Cheney’s method was used for obtaining a
general surface circulation patterns (dynamic topography, in dynamic meters) for the entire area
(Figure 20). The Gulf Stream main flow, its deflection seaward, the cyclonic Charleston Gyre,
and the upwelling of deep waters into the euphotic layer are clearly defined (Figures 19 and 20).
Gulf Stream velocities were the highest near the surface between the Stations 3-4 (upto 1.3
m/sec), and between Stations 7-8 (up to 0.9 m/sec). The upwelling areas were indicated by the
minimal horizontal flow (Figure 19). The “zero” line was located between Stations 1-2 and
Stations 6-7. Currents on the both sides of the upwelling moved in opposite directions:
northeast in the Gulf Stream, and southwest within the inshore side of the Charleston Gyre.
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Figure 18. Vertical distribution of chlorophyll-a concentrations (ug/l) along two transects in the
vicinity of the Charleston Gyre, and normal to the shelf edge (see Figure 7). Station numbers
refer to Stations 1-9 on Figure 7. Subsurface maximum chlorophyll concentrations were located
within the doming thermocline between 50 and 75 m depth just offshore of the shelf break,

near the peak of upwelling (see Figure 12).
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Figure 19. Distribution of geostrophic current velocities (m/sec) determined by dynamic method
(Helland-Hansen 1934) for data from transects indicated in Figure 7. Positive values indicate
flows into the plane of the figure (northeastward) and negative values indicate flow out of the
plane of the figure (southwestward). Maximum positive values indicate the main axis of the Gulf
Stream and negative values indicate return flows associated with the Charleston Gyre. Zero
values indicate the approximate location of the core of the Charleston Gyre. Station numbers
refer to Stations 1-9 on Figure 7.
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NMES Longline Logbook Data

NMEFS logbook data indicated that swordfish catches on longlines ranged from the
tropical Atlantic, through the Gulf of Mexico, and up the eastern seaboard to the waters east of
the Canada Maritime Provinces and Newfoundland (Figure 21). Density analysis of longline
locations where swordfish were caught (at least one swordfish kept or discarded) indicated high
densities of swordfish catch points in the Windward Passage (east of Cuba), in the Yucatan
Channel, in the northern Gulf of Mexico (probably associated with the Mississippi Trough and
the Gulf Loop Current), in the Straits of Florida, off the coast of Georgia and South Carolina,
and around the submarine Canyons (e.g. Norfolk, Washington, Baltimore, Wilmington, Hudson
Canyons) and seamounts of the middle Atlantic states and southern New England. Off Georgia
and South Carolina, high density of swordfish catches were associated with the Charleston Bump
Complex.

The Charleston Bump is an important swordfishing ground, and other billfishes are
frequently encountered as bycatch in the vicinity of the Charleston Bump. Density analyses of
large pelagic gamefishes such as sailfish, blue marlin and white marlin indicated a high
incidence of sailfish and blue marlin in the Charleston Bump area (Figure 22). White marlin
were more frequently caught north of Cape Hatteras than on the Charleston Bump. Sailfish and
blue marlin are more tropical in distribution, while white marlin is more mi gratory and
temperate (Mather et al., 1972; Mather et al., 1974; Witzell and Scott, 1990).

It is uncertain if high frequency of catches of swordfish and other billfishes that are
associated with the Charleston Bump and the Charleston Gyre are due to higher abundance of
these species there, or are due to greater effort being expended in those areas. It is likely a
combination of the two. Swordfish fishermen have traditionally focused their efforts on bottom
irregularities where swordfish are believed to be abundant. More recently, as in situ
temperatures and satellite thermal images have become readily available, fishermen have begun
to target thermal fronts and convergence zones, which are also believed to be areas where
swordfish are concentrated (Podest4 et al., 1993). Podests et al. (1993) documented higher
longlining effort and CPUE in the vicinity of thermal fronts than in non-frontal areas from Cape
Hatteras northward. Presumably, higher CPUE is due to higher abundance of swordfish in the
vicinity of thermal fronts. The Charleston Bump and its deflection of the Gulf Stream results in
a high density of thermal fronts from 31°30'N to Cape Hatteras, and a concentration of
swordfishing effort along some of these major fronts. Spatial analysis of NMFS logbook data in
relation to Gulf Stream thermal images indicates a high frequency of catches associated with the
Charleston Gyre as well as with the Charleston Bump (Figure 23).

Because of concern for overfishing of swordfish, the high occurrence of non-targeted
sport billfishes (marlins and sailfish) that must be discarded, as well as concerns with bycatch of
turtles, birds and other organisms, regulatory agencies have considered several alternative
closures in the pelagic longline fishery in the SAB (NOAA, 1999). On 1 August 2000, the
NMEFS enacted a time/area closure for the SAB that will prohibit longline fishing on the
Charleston Bump from 1 February through 30 April (NOAA, 2000). NMFS concluded that
while “pelagic longline activity in the Charleston Bump area results in bycatch of small
swordfish throughout the year, over 70 percent of the swordfish bycatch takes place during
February through April. Therefore, NMFS is closing the Charleston Bump area for this 3-month
time frame of the highest discard rates” (NOAA, 2000). It was felt that the partial year closure
will address the bulk of swordfish discards while minimizing social and economic impacts of the
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Figure 21. Location (top) of longline set points for sets that caught (kept or discarded)

swordfish, and density analysis (bottom) of points (number of sets per square mile) from
1992-1996 NMFS longline logbook data.
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Figure 22. Density of longline set points for sets (number of sets per
square mile) that caught sailfish (top), blue marlin (middle) or white
marlin (bottom), from 1992-1996 NMFS longline logbook data.
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were captured, indicating a concentration of effort on the Charleston Bump and the
Charleston Gyre.
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rule by allowing fishing for nine months. It was also felt that minimizing the temporal
component of the Charleston Bump closure would reduce the magnitude of potential increases in
sea turtle interactions and white marlin discards predicted by the displaced effort model (NOAA,
1999; NOAA, 2000). In this model, considerations of a year-round closure of the Charleston
Bump indicated a possibility for displacement of effort to the north, with the potential for
increased interactions with white marlin (see Figure 22) and sea turtles. NMFS will monitor
fishing activity to determine whether a larger longer closure is necessary in the Charleston Bump
area (NOAA, 2000). -

Analysis of the NMFS logbook data presented herein and elsewhere indicates a high
incidence of sport billfishes and undersized swordfish associated with the Charleston Bump
(Cramer, 1966; Cramer, 2000). Cramer (1996, 2000) found the highest proportion (relative to
legal-sized fish) of undersized discards off the Carolinas in the fourth quarter of the year, so the
February to April closure may not reduce the catch of undersized swordfish. The high frequency
of occurrence of non-targeted species and undersized swordfish in the Charleston Bump area
may be associated with increased fishing effort. Although seasonal closure of the area may
reduce effort and reduce discard of undersized and other illegal fishes, the closure may simply
displace effort to historically important grounds to the north (e.g. those in Figure 22), or to times
when more undersized fish may be in the Charleston Bump area (Cramer, 1996). Displacement
of effort to the north might reduce bycatch of more tropical species such as sailfish, but the
results are difficult to predict (NOAA, 1999). The effects of this closure should be closely
monitored to determine their value in conservation and sustained fisheries.

It is apparent from the NMFS logbook data that there is a high frequency of encounter of
swordfish and large pelagic gamefish in the Charleston Bump area. Although many of these
species may be transitory in the area, it is obvious that the Bump and its associated bottom and
oceanographic features are important in the life history of these species.

Satellite Tagging

Of the two sailfish tagged, one tagged just north of the main scarp on the Bump moved
toward that scarp in 5 d (Figures 8, 24). The other moved far offshore, northeast of Bermuda, in
90 d. _

The swordfish tagged for this study ranged in size from 71 to 183 cm (mean = 106.4; s.d.
= 31.4) lower jaw fork length (LJFL; Table 1). Of the 30 swordfish tagged, one 5-d tag did not
report. That fish was not in as good a condition as most, and may have died and sunk to the
bottom, thus imploding the tag. Of the other 29 satellite tags deployed on swordfish 23 released
successfully and made contact with the Argos system (Figure 8). Three tags demonstrated weak
or sporadic contact with the satellites, and the full archived temperature data set was not
recovered.

Tags that released after 30 d showed that those fish moved mainly to the east, towards
Bermuda (Figure 25). Of these, the fish that moved the farthest was located near the Muir
Seamount (Figure 8), 260 km northeast of Bermuda, or 1490 km east-northeast of the Charleston
Bump. Tags that popped off after 60 d showed some further movement to the north and
northeast, and some of these fish were found near other seamounts or near submarine canyons
(Figures 8 and 25). One was found near Wilmington Canyon (930 km from tagging site). Tags
that popped off after 90 d showed that these fish were also found near submarine canyons
(Norfolk Canyon, 750 km from tagging site) and others were following the Gulf Stream to the
northeast, and were found along the "north wall" of the Gulf Stream (Figures 8 and 25).
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Figure 24. Seven day composite SST diagram for 7 July 2000 showing tagging and release points
for the two sailfish tagged. Note the offshore deflection of the Gulf Stream by the Charleston
Bump in the tagging area.

45



: =
Figure 25. Movements of swordfish in relation to SST features. Top: 7-d composite SST
diagram for June 5 2000 showing tagging and release points for 30-d satellite tags. Note the
offshore deflection of the Gulf Stream by the Charleston Bump in the tagging area.
Middle: 7-d composite SST diagram for July 10 2000 showing tagging and release points
for 60-d satellite tags. Bottom: 7-d composite SST diagram for August 21 2000 showing
tagging and release points for 90-d satellite tags.
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Four swordfish apparently did not move away from the Charleston Bump, even after 90 d
(two of the four). These fish may have ranged away from the Bump during the time at large, but
were in the vicinity of the tagging location when the tags popped off, indicating that some
swordfish prefer the area of the Charleston Bump. Most swordfish, however, moved great
distances from the tagging site. The longest minimum straight-line distance (from tagging point
to pop-off point) was 3053 km, covered in 90 d (about 34 km/d). The fastest fish moved 1487
km in 30 d (about 50 km/d). Although the tagged fish ranged in length from 71 to 183 cm LJFL,
there was no statistical relationship between distance traveled and size of the fish (ANOVA, R =
0.11,n =20, P =0.159).

Archived temperature data from 30-d tags indicated daily movements through water
temperatures between 10°C and 28°C (Figure 26). Tags with longer times-at-large (60 and 90-d)
recorded a temperature average only once every 24 h or 36 h, so the temperatures reported by
these tags did not demonstrate as great a variation between readings as did the 30-d tags. The
archived temperature data also indicated (by archiving temperatures that were consistent with
continuous recording of sea surface temperatures) that seven tags were either shed from the fish
prematurely, or the fish died and surfaced prior to the tag release date (data not shown).

Temperature-depth profiles collected in the area of tagging at about the same time
(Figure 10) were variable, reflecting the dynamic nature of currents in the area where the Gulf
Stream is deflected offshore by the Charleston Bump. This complicated the use of the
temperature data for estimation of the depth of swordfish diel migrations. The profiles indicated
that forays into water as low as 10°C may have required dives of as little as 150 m, or greater
than 350 m, depending on the exact location in the tagging area.

Archived temperature and inclination data indicated that satellite pop-off tagging of
swordfish was successful in most cases. Varying patterns in the temperature data should be
expected, as swordfish move vertically through different temperature regimes. Variability
patterns in temperature data that showed a diel pattern would indicate an active swordfish
migrating vertically from warm surface waters to cooler waters at depth. The temperatures
archived in each tag varied according to the time period between temperature recordings. For
example, a 12-h temperature averaging and archiving period (such as in the 30-d tags) should
demonstrate averages that alternate between warm and cold, as this time scale would record and
average temperatures for every half of a diel cycle. The temperature averages recorded by a 60-
d tag (once every 24 h) should thus be fairly constant, as each temperature reading is an average
of the values of water temperatures inhabited by the fish for a full diel cycle. It would also be
expected that a 90-d tag, which records an average temperature once every 36 hours, should
show the same general pattern of alternation between warm and cold readings as a 30 d tag, but
the variation between subsequent recordings would not be as great, since temperature averages
were recorded every one and a half diel cycles (the full diel cycle averages will have a buffering
effect on the variation from the half diel cycle). Tags of all three deployment lengths
demonstrated temperature data very similar to these expectations. As a result, the 30-d tags
provided the most insight into the diel migration of swordfish. Carey (1990), used acoustic
telemetry to demonstrate the diel migration patterns of swordfish, which consisted of a rise to the
surface at sunset to waters as warm as 27°C, followed by dives to as low as 5°C at sunrise. Our
data from satellite tags indicated swordfish preferred average temperatures of around 10°C
during the day, and rose to near surface waters of up to 28°C at night, which was consistent with
the findings of Carey (1990). Considering that the temperature measurements of the former
study are discrete, and of the later are averages, the results are quite similar.
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Figure 26. Temperature data recorded by pop-off tags.

Top: archived temperature data (closed circles) and drift temperatures (open circles) reported
after release from a 30-d satellite tag. The archived temperature data demonstrates the pattern
expected for an individual with a diel vertical migration pattern. The difference between the two
data sets indicate that the tag remained attached to the fish the entire time at large.

Middle: archived temperature data from a 60-d satellite tag. The overall consistency of
temperatures lower than that of surface water temperatures in the tagging region fits the
expected pattern for a tag archiving average water temperature surrounding a vertically
migrating organism approximately every 24 h.

Bottom: archived temperature data from a 90-d satellite tag. The reported temperatures fit the
expected pattern for a tag archiving water temperature averages surrounding a vertically
migrating organism approximately every 36 h.
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The results of this study indicate that the pop-off satellite technology originally
developed for bluefin tuna works on swordfish as well. However, a previous study on bluefin
tuna (Block et al., 1998) demonstrated a much lower tag failure rate (5%) than the current study
(21%). This is the first time satellite tags have been used on a species that makes such deep diel
migrations. It is therefore possible that swordfish may occasionally exceed the 650 m depth
limit of the satellite tags (at which the tag is crushed by hydrostatic pressure). Even if this
maximum depth is not reached, the frequent and substantial changes in pressure resulting from
the daily migrations demonstrated by swordfish may fatigue the tag casing during the attachment
interval, leading to occasional leakage and failure.

Swordfish migration appears to be complex and multidirectional, as there was no definite
trend towards fish moving progressively farther away from the tagging location with increased
time of tag release. While the longest straight-line travel (3053 km) was demonstrated by a fish
with a 90-d tag, two other 90-d tags reported from within 100 km of the tagging location. In
fact, all three tag groups demonstrated a broad range of distances traveled from the tagging
location. These results are at odds with previous studies using conventional tags. Beckett
(1975) reported a maximum distance of 288 km between tag and recapture points based on 13
tag returns from swordfish tagged in Canadian waters. These fish were recaptured in subsequent
years following tagging, but at around the same time of year they were tagged, which suggests
that the fish were recaptured near the same point in their seasonal migration, rather than being
resident at the tagging site.

Swordfish appear to be attracted to complex high-relief bottom structure and complex
thermal structure consisting of fronts where warm Gulf Stream waters meet cooler shelf, slope
and Labrador Current waters. The topographic relief of the Charleston Bump is an area of high
swordfish catch frequency (Figures 21 and 23; Cramer 1996; Cramer 2000), and higher catches
have been noted along the western wall of the Gulf Stream in the vicinity of thermal fronts
(Podestd et al., 1993). Our tagging data indicate that some swordfish remained in the vicinity of
the Charleston Bump, probably attracted to the great topographic relief (exceeding 100 m of
steep scarps in depths from 375 - 700 m) and numerous thermal fronts generated by deflection of
the Gulf Stream and subsequent formation of meanders, frontal eddies, gyres and upwelling of
cooler waters. Because the Charleston Bump results in increased frequency and abundance of
thermal fronts, the Bump provides additional habitat for swordfish. Swordfish that moved away
from the Charleston Bump were frequently found associated with seamounts, submarine
canyons, and the Guif Stream front as the Stream turned eastward across the North Atlantic.

The Charleston Bump appears to be an important habitat for swordfish, and also
functions as a stepping stone along the path of seasonal migration of the swordfish. Satellite
tagging technology is increasing in sophistication and the amount and kinds of data that can be
archived and transmitted. Additional studies, including satellite tagging of swordfish with tags
having deeper capabilities, and that are able to store data on depth and ambient light, are needed
to further define the activity patterns and migratory behavior of swordfish and other highly
migratory species in the western North Atlantic.
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Conclusions

The Charleston Bump influences major circulation patterns in the South Atlantic Bight,
and thus influences fishes and their life histories and distributions. During this study, deflection
of the Gulf Stream offshore was observed between 31°45'N and 32°N. A large meander with a
wavelength of about 250 km was formed downstream of the deflection, between 31°45' and
33°15'N. An elongated cyclonic Charleston Gyre was evident in the trough of the meander. The
Gulf Stream main front (i.e. its western wall as defined by 15°C at 260 m depth) was deflected
about 90 km from the shelf break. An upwelling of deep cold water was located within the core
of the Gyre. This water rose into the euphotic layer from at least 400 meters, based on surface
dynamic height differences. Thermal structure of the cold core suggests that the Gyre was
formed at least 3-4 months prior to our sampling in April-May 2000, and it was relatively
stationary since February 2000.

Chlorophyll-a concentrations were clearly associated with the upwelling. The highest
values were observed within a doming of the thermocline and pycnocline. Maximum subsurface
chlorophyll-a concentrations were located between 50 and 75 m depths just offshore of the shelf
break; a surface maximum occurred just inshore of the shelf break at 32°30'N, near the highest
point of the upwelling in the center of the Charleston Gyre. The highest bottom values were
located on the outer shelf (40- 75 m depth) within the southern and northern limits of the Gyre
where the thermocline descends to the bottom. All high values of chlorophyll-a were within
euphotic layer.

The Charleston Bump Complex functions as essential fish habitat (EFH) on several
levels. For resident demersal fishes such as wreckfish, the physical bottom feature of the Bump
is an important adult habitat, feeding and spawning ground. Additional research is needed to
determine with certainty if the Bump is important as a nursery habitat for juveniles of wreckfish
and other demersal fishes. The Bump may also be an important nursery area for swordfish and
other highly migratory fishes. Preliminary analysis of NMFS longline logbook data indicate a
high incidence of swordfish in the vicinity of the Bump. These observations need to be
standardized with good CPUE data from on-board observers, as logbook data may not be
reliable. Ideally, fishery-independent CPUE should be monitored as is done for several demersal
fisheries. )

Satellite pop-off tagging of swordfish indicated that most tagged fish were not resident
on the Bump, but moved great distances and were associated with bottom features such as
submarine canyons and ridges, or with oceanographic fronts. Some swordfish were found in the
vicinity of the Charleston Bump up to 90 days after tagging.

Limited data from historical ichthyoplankton surveys indicate that thermal fronts created
by the Charleston Bump are areas where larval swordfish are often caught, and that high
concentrations of larval fishes are associated with upwelling generated by the Charleston Bump.
Additional ichthyoplankton surveys are needed to determine the importance of the Charleston
Bump and its associated oceanographic features as spawning and larval recruitment areas for
swordfish and other fishes.

While essential fish habitat (EFH) includes “those waters and substrate necessary to fish
for spawning, feeding or growth to maturity”, much of the evaluation of EFH (and concentration
of management efforts to date) has been with freshwater, estuarine, coral reef, seagrass and
coastal habitats. Consideration of deepwater EFH has been limited to deepwater coral (e.g.
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Lophelia prolifera, Oculina) banks occurring primarily in the Straits of Florida. In spite of the
concentration on shallow habitats, the South Atlantic Fishery Management Council (SAFMC,
1998) considered the Charleston Gyre as “an essential nursery habitat for some offshore fish
species with pelagic stages, such as reef fishes”, because of increased productivity that is
important to ichthyoplankton. Because the Charleston Bump Complex is important in the life
history of several current and potential fishery species, it should be considered Essential Fish
Habitat.
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DISTRIBUTION PATTERNS AND NICHE SHIFT IN WRECKFISH POLYPRION AMERICANUS
(TELEOSTEIL: POLYPRIONIDAE): CONTRIBUTION TO THE SPECIES LIFE CYCLE

Carlos A. P. Andrade (Direc¢do Regional das Pescas, Estrada da Pontinha, 9000
Funchal, Madeira, Portugal)

The wreckfish Polyprion americanus is a widely distributed species in the North Atlantic
with major spawning grounds in the Charleston Bump. Data from North Eastern Atlantic
fisheries and selected literature is used to illustrate part of the ontogeny of wreckfish,
Polyprion americanus, from juvenile to adult state. This communication reports on the
bathymetric distribution of the species and reveals the temporal and spatial change of the
wreckfish habitat, as well as the shift in the composition of the prey and fish populations
associated with this species.

As a generalist species, wreckfish will occupy different spaces at different stages
of its life-cycle:

1) Polymodal schools of juveniles fish (280 — 350mm) are commonly found drifting at
the surface (more often from May to July), following the North Atlantic current. The
high availability of its preferred prey, the epipelagic fish Macrorhamphosus scolopax,
enables rapid growth.

2) The pre-adult fish will move down to greater depths as it grows. They are highly
mobile, found in high relief rocky shores of the islands steep shelf. Individuals of
450 up to 700mm seem to aggregate in highly productive areas in the coldest sea
water month in numbers that suggests partial migration of the species. These young
fish compete with adult fish and other carnivorous fish species (such as, Serranus
atricauda, Pagellus acarne, Helicolenus dactylopterus) for food and space. Their
favourite food items include the fish Capros aper and shrimps (Heterocarpus ensifer,
other).

3) Big adult wreckfish seem to be more solitary than young fish, living at depths down
to 800m. Spawning aggregations of the former are known. The adult fish share their
habitat with benthopelagic species (such as, Schedophilus ovalis and Aphanopus
carbo).

The vertical distribution pattern, the juvenile fish drift and the pre-adult partial migration

are all mechanisms that occur during the ontogeny of wreckfish to avoid intra-specific

competition for food and space, contributing for the dispersion of the species and
ultimately, promoting the development of larger populations.

Research programs on the biology and ecology and continuous exchange of
technical information are needed to draw common management plans for the North

Atlantic wreckfish stock.



GULF STREAM AND SHELF PHYSICAL OCEANOGRAPHY AT THE CHARLESTON BUMP:
DEFLECTION, BIMODALITY, MEANDERS AND UPWELLING

John M. Bane (Dept. of Marine Sciences, University of North Carolina, Chapel Hill, NC)
Larry P. Atkinson (Center for Coastal Physical Oceanography, Old Dominion
University, Norfolk, VA)

David A. Brooks (Dept. of Oceanography, Dept. of Oceanography, Texas A & M
University, College Station, TX)

The recurring seaward deflection of the Gulf Stream near 32 degrees north latitude had
been noticed by a number of investigators prior to the mid-1970s when Legeckis (1976,
1979) first attributed the phenomenon to the upper-slope topographic feature now known
as the Charleston Bump. Since then, extensive studies have delineated many properties
of the deflection including: the apparently bimodal nature of the deflection (the "Strongly
Deflected” and "Weakly Deflected" states of the Gulf Stream's path near the Bump); the
set up of the so-called Charleston Gyre during Strongly Deflected conditions; the
amplification of downstream-propagating Gulf Stream meanders in the Bump region; the
meander-induced upwelling that is enhanced by meander amplification; and the cross-
isobath exchange of shelf and Gulf Stream waters driven by the Charleston Gyre and
Gulf Stream meanders. In this talk we will present examples from several observational
studies in the Bump region to elucidate its physical oceanographic structure and
variability. Of particular interest is the fact that there is still no unambiguous cause
identified for inducing the Gulf Stream to shift from a Weakly Deflected to a Strongly
Deflected Path, although several candidate mechanisms exist. Additionally, the effect of
the Gyre on outer shelf stratification, circulation and nutrient flux is still not well
understood. Some examples will be given.



HABITAT BELOW THE GULF STREAM: HAVEN FOR CRABS
Charles A. Barans and Elizabeth L. Wenner (Marine Resources Research Institute,
SCDNR, P.O. Box 12559, Charleston SC 29422-2559)

Local densities of large epibenthic crabs off the southeastern United States may be an
indication of the productivity of the habitats that they are found in or of the water column
above. Observations on density and habitat of golden crab (Chaceon fenneri) and Jonah
crabs (Cancer borealis) were made from a submersible on the continental slope (293-567
m) about 122 km southeast of Charleston, SC. Seven habitat types were identified during
dives: a flat foraminiferan ooze (405-567 m); coral mounds (503-555 m); ripple habitat
(320-539 m); dunes (389-472 m); black pebble habitat (446-564 m); low outcrop (466-
512 m); and soft-bioturbated habitat (293-475 m). Golden crabs were most dense in the
relatively rare low outcrop habitats; however their densities were two orders of
magnitude less than reported off Southern New England. Jonah crabs were most dense
over soft-bioturbated sediments, a moderately common habitat often correlated with the
shallowest depths investigated. Jonah crab densities from other regions have not been
reported, but trap catches in the South Atlantic Bight from this study were similar to
catch rates off North Carolina and much greater than locations further north. Any
relationships between the benthic communities and the productivity associated with the
Charleston gyre is speculative and needs further research.



U.S. ATLANTIC PELAGIC LONGLINE FISHERY ADDRESSES DOMESTIC BYCATCH
CONCERNS

Nelson R. Beideman (BlueWater Fishermen’s Association, P.O. Box 398, 910 Bayview
Ave., Barnegat Light, NJ 08006

The recently-implemented “Limited Access” controls in the U.S. Atlantic pelagic
longline fisheries for swordfish, tunas and sharks, provide this fishery with additional
mechanisms to address domestic pelagic longline incidental catch. This fishery, through
the Blue Water Fishermen’s Association, has developed a strategy to substantially reduce
its unwanted interactions with several highly migratory species through a combination of
closed areas and purchasing the fishing permits of those vessels who fish primarily in
these areas. The proposal also calls for gear research to examine possible options to
further reduce interactions while maintaining a viable U.S. Atlantic swordfish and tuna
fleet. Three long-standing and well-respected recreational and conservation associations,
the American Sportfishing Association, the Coastal Conservation Association, and The
Billfish Foundation have forged an alliance with the Blue Water Fishermen’s Association
to develop and support the objectives and implementation of this initiative. We are
diligently working together for passage of federal legislation to implement this plan. I
will present an outline of the agreement among these groups, the current status of the
legislation and some of the vision this alliance shares for continued activities to benefit

these Atlantic HMS fisheries.



COMBINING LABORATORY AND FIELD RESEARCH TO UNDERSTAND ENVIRONMENTAL
INFLUENCES HORIZONTAL AND VERTICAL MOVEMENTS OF TUNAS AND BILLF ISHES,
AND IMPROVE STOCK ASSESSMENTS

Richard W. Brill (National Marine Fisheries Service, Honolulu Laboratory, Southwest
Fisheries Science Center, 2570 Dole St., Honolulu, HI 96822-2396 )

Molly E. Lutcavage (Edgerton Research Laboratory, New England Aquarium, Central
Wharf, Boston, MA 02110)

Because the vulnerability to specific fishing gears of highly mobile pelagic fishes, such
as commercially important tunas (family Scombridae) and billfishes (Families
Istiophoridae and Xiphiidae), is highly dependent on environmental conditions,
understanding and predicting their depth distributions, travel speeds, and residency times
is critical for accurate population assessments. This is true whether population estimates
are based on traditional catch-per-unit effort (CPUE) data or fishery independent
methods such as direct aerial surveys.

Numerous studies have tried to delineate the habitat requirements of various tuna
and billfish species by correlating catch statistics with oceanographic condition averages
over time and space. We argue that such correlation’s do not necessarily elucidate the
requisite relationships because the date are often not gathered simultaneously and
because error terms associated with both are too broad to demonstrate meaningful
relationships. Moreover, using catch statistics to determine the effects of environmental
conditions on catch statistics can never prove causation and result in tautology. The
resultant conclusions have no predictive value.

The situation is not necessarily improved when CPUE data are correlated with
satellite data (particularly sea surface temperature data) in attempts to predict pelagic fish
movements and distributions. Pelagic fish do not live at the surface and, more important,
often moves through vertical thermal gradients that are orders of magnitude greater than
horizontal gradients. In others words, tunas and billfishes commonly experience
temperature gradients of 1 C m-1 when moving vertically in areas where the horizontal
temperature gradients are only 1 C km-1. Although the latter are clearly visible on
satellite sea surface temperature plots, they are unlikely to be detectable by the fish and
cannot, therefore, influence horizontal movements, distribution, or aggregation. We
show, however, when direct observations on the movements of tunas and billfishes
(collected with either acoustic telemetry or the newer archival data-recording tags) are
combined with laboratory measurements of the physiological abilities and environmental
tolerances, or appropriate satellite data such as water clarity or chlorophyll
concentrations, the resulting information can be used to correct CPUE data (whether
traditional capture data or aerial survey data) for differences in gear vulnerability and
thus improve stock assessments.



GEOGRAPHIC DISTRIBUTION OF LONGLINE EFFORT AND SWORDFISH DISCARD
RATES IN THE GULF STREAM REGION

Jean Cramer (National Marine Fisheries Service, 75 Virginia Beach Dr., Miami, Fl
33149)

The Gulf Stream, including near shore areas off the east coasts of Florida, Georgia, and
the Carolinas is one of the U.S. pelagic fishery regions in which notably high reported
swordfish discard rates were reported after a regulation went into effect in 1991 limiting
the landings of swordfish less than 41 pounds. Swordfish catch and locations from 1991
through 1994 from mandatory longline reports were used to explore swordfish discard
distribution patters in the Gulf Stream area. A discard category was assigned to each
month and one degree square based on the percentage of the swordfish catch, which was
discarded. Monthly maps were made showing the distribution categories over
bathymetric plots. Longline set locations from the 1994 mandatory longline reports,
summarized by month and one degree squares, were plotted on monthly composite
satellite sea surface temperature charts.

THE CHARLESTON GYRE AS POTENTIAL SPAWNING AND LARVAL RETENTION AREA
FOR FISHES, WITH A FOCUS ON HIGHLY MIGRATORY SPECIES

John Jeffrey Govoni (NOAA/NOS, Center for Coastal Fisheries & Habitat, 101 Pivers
Island Rd., Beaufort, NC 28516) ‘

The Charleston Gyre, a semi-persistent cyclonic eddy, sets up in the wake of Gulf Stream
deflection at the Charleston Bump. The cyclonic circulation of the Charleston gyre brings
nutrients from deep and off the shelf edge to near surface, and forces enhanced primary
and secondary production within its core. This enhanced production may serve by
providing an exceptional and more continuous food supply for larval fishes spawned or
entrained with the area. Moreover, while not always a closed loop, plankton embedded
within the eddy would circuit the gyre in a time period that overlaps the duration of the
larval period for many fishes and ensure their retention on the outer shelf. Examination
of published records indicates occasionally higher densities of larval fishes in the overall
area of the gyre’s typical location, though there is little indication high densities of fish
eggs. The gyre sets up most frequently in winter when the Gulf Stream is in its offshore
mode, and evidence of higher larval fish densities within the gyre is more prevalent
among winter-spawning fishes. Of the highly migratory fishes, published records for
bluefin tuna (Thynnus thynnus), show no evidence of higher abundance of larvae in the
area of the gyre, but recent collections of swordfish (Xiphias gladius), indicate that
swordfish larvae are caught frequently in the convoluted Gulf Stream frontal zone
associated with the gyre.



MANAGING DEEPWATER FISHERIES: THE CASE OF THE GOLDEN TILEFISH
Patrick Harris (SC Dept. of Natural Resources, 217 Fort Johnson Rd., Charleston, SC
29412)

Deepwater fisheries throughout the world appear to be particularly susceptible to
extremely rapid overexploitation, with many species exhibiting signs of overfishing.

The “boom and bust” nature of these fisheries, particularly as it applies to specific
locations, often means a fishery may be overfished before management can react. The
rapid removal of fish from a previously unexploited population could have si gnificant
effects on the life history of the species. Only 337,914 pounds of golden tilefish,
Lopholatilus chamaeleonticeps, were landed in the southeastern US in 1980, but by 1983,
landings peaked at 3,460,274. Golden tilefish were collected for life history analysis from
1980-1986 and 1996-1998 from the southeastern coast of the United States. Samples
were obtained from fishery-independent research cruises and from commercial catches.
We documented the life history parameters between the two time periods to determine if
the rapid increase in fishing mortality had any impact on the life history of tilefish. We
found that the age at which sexual dimorphism occurs decreased from age-10 during
1980-86 to age-7 during 1996-98. We suggest that only “post-dimorphism” tilefish
reproduce, even though the age at first maturity appears to be at least age-3, and that the
reduction in “age-at-dimorphism” has reduced the potential reproductive output of the
population. This reduction, combined with continued fishing mortality, slow growth, and
limited habitat presents a unique and difficult conundrum for fishery managers to solve,
which may apply to many deepwater fisheries.

TAGGING TECHNIQUES CAN ELUCIDATE THE BEHAVIOR AND EXPLOITATION OF
AGGREGATED PELAGIC FISHES

Kim Holland, Steven Kajiura, David Itano and John Sibert (Hawaii Institute of Marine
Biology and Pelagic Fisheries Research Program, University of Hawaii, PO Box 1346,
Coconut Island, Kaneohe, Hawaii 96744)

Innovations in the analysis of tag-and-recapture data and the development of electronic
methods for monitoring the movements of marine fishes can be used to elucidate a
variety of biological and harvest related phenomena for fishes that demonstrate »
aggregation behavior. Standard tagging methods can reveal the duration of aggregation
behavior, the subsequent dispersal patterns of the fish, differences in gear vulnerability of
different size classes within the aggregation and the different types of fishing gear that
harvest the aggregated resource. Active sonic tracking and autonomous data loggers can
elucidate fine-scale habitat utilization patterns that are not discernable by other
techniques. This paper will review the status of these various techniques and their
application to aggregated pelagic resources such as those found around seamounts and
fish aggregating devices (fads). The possible applicability of these techniques to the
Charleston Bump will be discussed.



GEOSTATIONARY SATELLITE ANIMATIONS AT THE CHARLESTON BUMP
Richard Legeckis (NOAA, 15004 Auth Rd., Camp Springs, MD 20746-4304 )

The animation of daily composites of sea surface temperatures (SST) from a NOAA
Geostationary Operational Environmental Satellite (GOES) provides a new method for
the detection of dynamics at the surface of the ocean. By viewing the daily SST
composites rapidly, it is possible for the human eye to separate the fast moving residual
clouds from the slower moving SST patterns associated with ocean currents, eddies, and
upwelling. Although each individual daily composite is still partly cloud covered, the
rapid display provides the appearance of continuity in the SST patterns. This unexpected
result immediately captures the imagination of the observer and reveals some of the
changes in the path of the Gulf Stream in the vicinity of the “Charleston Bump’. The
seaward deflection of the current and the amplification and propagation of shelf waves is
evident in the animations. Samples of these images are found at:
http://www.goes.noaa.gov

Select: SST Animation.

LANDINGS, SEASONALITY AND CATCH PER UNIT EFFORT TRENDS OF YELLOWFIN
TUNA (THUNNUS ALBACARES) AND BLACKFIN TUNA (T. ATLANTICUS) AT BERMUDA
Brian Luckhurst, T. Trott and S. Manuel (Bermuda Division of Fisheries, P.O. Box CR
52, Crawl, Bermuda CR Bermuda)

Commercial landings of yellowfin tuna and blackfin tuna for the period 1975 - 1998 are
provided. The mean landings of yellowfin tuna from 1992 -98 are significantly higher
(50 mt) than in the previous years when there was less directed effort. The maximum
landings level (65 mt) was recorded in 1996. There is no clear trend in blackfin tuna
landings over this same time period with most annual values less than 10 mt. The
seasonality of landings by quarter is presented for an 11 year period (1987 - 97). For
yellowfin tuna, the second and third quarters consistently have the highest values while
the first quarter is lowest. The second and third quarters combined account for greater
than 70% of annual landings in every year. The seasonality in landings of blackfin tuna
is more pronounced with the third quarter predominating in every year but one. The first
quarter is typically less than 5% of annual landings. Third quarter landings comprise 42 -
72% of the annual values. An analysis of catch per unit effort values for both species
over the period 1987 -97 was conducted using an index developed from ten commercial
fishers who target pelagic species. Mean values for yellowfin tuna increased
significantly from 1992 onward and have oscillated in a small range (2.0 - 3.0 kg per
hour fishing). The values for blackfin tuna are uniformly low and are more difficult to
interpret due to the lower landings levels for this species and the fact that a wei ght-based
index was used. An examination of the size-frequency distribution for yellowfin tuna
indicates that a broad size range is caught in Bermuda but the catch is dominated by
relatively small size classes (modal size = 82 cm FL). The sample size for blackfin tuna
is insufficient for a size-frequency analysis.



MARINE RESOURCES DECISION MAKING: SCIENCE, PuBLIC POLICY, AND THE
CHARLESTON Bump

John V. Miglarese and Robert H. Boyles, Jr. (SCDNR, P.O. Box 12559, Charleston, SC
29422)

In 1997, a controversy erupted over the proposed lease of a fish processing facility at the
newly completed Charleston Maritime Center. A group of commercial fishermen
proposed to open the Maritime Center's facilities to all types of commercial fishing craft,
but with emphasis on longline vessels. Public awareness and knowledge of South
Carolina's offshore fisheries catapulted the area known as the Charleston Bump to the
forefront of state and Federal marine fisheries policy, research, and management.

Longlining is a legal and highly regulated controversial method of harvesting
fish. The disputes over longline fishing include: simultaneous competition for fishing
areas by sport fishing boats and longline vessels; sport fishing vessels targeting billfish,
which are bycatch of longliners; and more stringent regulation of longlining operations
resulting in longliners targetging dolphin. In addition, critics of the longline fishery
lament that the longline fleet is directly responsible for the declining health of swordfish
stocks. All of the controversy raised the public awareness about the presence of the
Charleston Bump, an offshore feature that was purported to serve as an important nursery
ground for a number of marine fishes, including swordfish.

Parties to this dispute looked to the South Carolina Department of Natural
Resources (DNR) for interpretation of technical information upon which to base their
decisions. However, DNR staff soon learned that the data on the significance of the
Charleston Bump as a nursery area were inconsistent and spotty. This review revealed
that there is a paucity of scientific evidence about the role that the Charleston Bump
plays in the development and health of particular fish stocks. Observer data from
longline fishing vessels was inconsistent with landings data. This lack of reliable data
left the DNR in a policy dilemma: how to make technical recommendations on the
management of the fisheries of the Charleston Bump given the lack of data. The DNR
responded by acknowledging the lack of data and suggesting that a comprehensive
ecological analysis of the Charleston Bump be performed. In addition, the DNR
responded by interpreting the data based on the precautionary principle (e. g., "do no
harm to the resource") and advised the parties to the Maritime Center dispute against any
move that might consolidate fishing effort on the Charleston Bump.

The authors present an overview of the development of this controversy and
highlight how public perceptions and demand for action resulted in a DNR policy stance.
In this case, the science was unavailable to support public intentions. However, the
precautionary principle employed by the DNR in this public policy debate has enabled
scientific researchers to begin gathering information that will enable fisheries managers
to make better decisions on the long-term management of the resources of the Charleston
Bump. Ultimately, the controversy over the domestic longline fishery, the Charleston
Bump, and the swordfish fishery is a case study in how public policy drives scientific
inquiry and research.



GEOLOGICAL FORMATIONS, CURRENTS, AND THEIR RELATIONSHIPS TO WRECKFISH
HABITATS ON THE BLAKE PLATEAU

Peter Popenoe and Frank T. Manheim (U.S. Geological Survey, Coastal and Marine
Science Team, 384 Woods Hole Rd., Woods Hole Massachusetts, 02543; and Minerals
Resources Team, National Center, MS 954, 12201 Sunrise Valley Dr., Reston VA 20192

The Charleston Bump is a structural and topographic high on the northern Blake Plateau
that overlies a seaward offset of the edge of the continental crust. This feature causes the
bottom to shoal and deflects the gulf Stream offshore, causing an intensification of
bottom currents. The area has been swept by strong currents since Late Cretaceous time,
but the strongest currents have occurred episodically in Neogene time (last ~ 25 millions
years). Nondepositional conditions prevail at the present, but much of the erosion is
checked where hard surficial layers of phosphorite pavement exist. The phosphorite
pavements were formed by receme3ntation of eroded residues of phosphorite-rich
sediments of early Neogene time. In some places there are multiple pavements separated
by poorly-lithified sediments.

In 1989 and 1990 we made a series of dives on the northern Blake Plateau with
the Navy nuclear submarine, NR-1, to examine bottom features. The NR-1s capacity for
sustained operation in high current areas led to many new discoveries. The south or
current-facing flank of the Charleston bump has a number of deep (<100m) scour
depressions, whose southern flanks form cliffs characterized by ledges and overhangs. In
other areas, discrete layers of older Paleogene rocks have been eroded away, leaving
cliff-like steps of 5 m or more relief. Conglomeratic phosphorite pavement layers up to 1
m thick armor most of the bottom. Where breached by scour, these pavements form both
low-relief ledges and rock piles. These features form a reef-like environment of caves
and overhangs utilized by wreckfish and barrelfish as shelter from the current and as
staging areas to prey on passing schools of squid.

During our dives we investigated the site of an earlier report of possible
freshwater discharge (ALUMINAUT Hole) to determine its possible relationship to large
reported wreckfish catches in the area. A thorough search in the reported location failed
to find any evidence of an “ALUMINAUT Hole” or freshwater discharge. We concluded
that the apparent loss of buoyancy experience by the ALUMINAUT submarine was
probably caused by downward motion of currents cascading over the edgeofa 120 m -
high cliff 3 km south of the reported location.



WRECKFISH SAGITTAL OTOLITH SHAPE AS POSSIBLE STOCK DISCRIMINATOR
Jennifer C. Potts (NOAA/NMFS, South Fisheries Science Center, Beaufort Laboratory,
101 Pivers Island Road, Beaufort, NC 28516-9722)

Adult wreckfish, Polyprion americanus, occure in large enough numbers of the South
Carolina coast in an area known as the “Charleston Bump’ to support a commercial
fishery. Information on the life history of this species suggests that spawning occurs in
the western North Atlantic, but larvae are transported to the eastern North Atlantic, where
wreckfish then spend their juvenile stage. Questions have been raised as to whether the
population on the Charleston Bump comes from one stock or whether individuals come
from different stocks, same. The shape of sagittal otoliths from other species has been
used as stock discriminators based on geographic locations. Sectioned otoliths from
wreckfish caught on the Charleston Bump exhibited three morphological types:
Attenuate, intermediate, and obtuse. Principal component analysis was used to determine
the variability between otolith types. This information will need to be expanded by
collecting wreckfish otoliths from locations in the eastern North Atlantic to see if indeed

different stocks exist.

THE MAGNUSON-STEVENS FISHERY CONSERVATION AND MANAGEMENT AcT: THE
SAFMC DESIGNATION OF THE CHARLESTON BUMP AS ESSENTIAL FISH HABITAT AND
AN ESSENTIAL FISH HABITAT — HABITAT AREA OF PARTICULAR CONCERN

Roger Pugliese (SAFMC, 1 South Park Circle, Charleston, SC 29407-4699)



AN OVERVIEW OF THE CHARLESTON BumMP
George Sedberry (SC Dept. of Natural Resouces, P.O. Box 12559, Charleston, SC

29412-2559)

In recent months, a controversy has arisen over longline fisheries, particularly those
operating on the Charleston Bump, a bottom feature of great topographic relief located
100 miles southeast of Charleston, SC. This bottom feature deflects the Gulf Stream
offshore, and establishes permanent and temporary eddies and gyres in the warm Gulf
Stream flow. Thermal fronts associated with Gulf Stream deflection, and the bottom
feature itself, are believed to be attractive to large pelagic fishes, or result in current
convergences that concentrate larvae, juveniles and prey for larger fish. The rugged
bottom topography of the Bump is an important habitat and spawning ground for
wreckfish, Polyprion americanus, and supports the U.S. fishery. A geographic analysis
of commercial and recreational landings show that the Charleston Bump itself is an area
of concentrated commercial fishing effort, and that commercial fisheries also concentrate
along the edges of Gulf Stream fronts. Recreational fishing effort concentrates at
deepwater sites (along the 183 m depth contour) near the human population centers of
Charleston and Georgetown. Traditionally, commercial fishermen operated on the
deeper Charleston Bump (400-600 m depth), well to the southeast of the recreational
fishing grounds. Geographic analysis indicates, however, that there is some overlap in
fishing areas, particularly as commercial longliners follow thermal fronts that move
inshore, and as they have begun to target species such as dolphin (Coryphaena hippurus)
that range into shallower water over the continental shelf. This overlap in fishing areas
as recreational and commercial fleets converge near the 183 m contour has caused user
conflicts and may call for allocation of fishery resources between the commercial and
recreational sectors.



ASSESSMENT OF THE WRECKFISH FISHERY ON THE BLAKE PLATEAU

Douglas Vaughan, Charles S. Manooch I, and Jennifer Potts (NMFS, Southeast
Fisheries Science Center, Beaufort laboratory, 101 Pivers Island Rd., Beaufort, NC
28516)

The status of the wreckfish stock caught on the Blake Plateau in the southeastern U.S.
Atlantic is analyzed by virtual population analysis (FADAPT) to determine trends in
fishing mortality and population biomass. Calibration of the VPA is to fishery-dependent
catch per unit effort (CPUE) for a range in assumed values for natural mortality (M).
Fishing mortality peaked in 1989 and again in 1994. The peak in 1989 resulted from the
historical maximum for landing (4.2) million pounds). The later peak in 1994 resulted
from a change in declining to increase population biomass during the period 1994-1996,
while landings continued to decline. Annual estimates of static spawning potential ratio
(SPR) have risen since 1994. Based on these analyses the stock is believed to be in good
condition. However, continued concern persists because the assessment is based on the
underlying assumption that wreckfish from the Blake Plateau form a single stock
separate from the eastern North Atlantic.

NATURAL HISTORY OF SLOPE-WATER CEPHALOPODS IN THE WESTERN NORTH
ATLANTIC OCEAN

Michael Vecchione (NMFS National Systematics Laboratory, National Museum of
Natural History, Washington DC 20560)

Recent observations from submersibles and trawling have shown several species of
cephalopods to be common in slope-waters of the western North Atlantic Ocean.
Behavior and distribution of these species contrast with those of truly open-ocean
cephalopods, which also are present in slope waters. The slope-water cephalopods
include the commercially-important genus Illex, taxonomy of which remains troubling in
the area off Charleston because of the possibility that 1. oxygonius is a hybrid. Other
common species include another ommastrephid, single species of Mastigoteuthis,
Brachioteuthis, and Pholidoteuthis, several cranchiids, histioteuthids, and sepiolids, two
octopodids, the pelagic incirrate octopod Haliphron, and one cirrate octopod. In-situ
observations have shown that several of the squids are more strongly associated with the
bottom that was previously supposed and that many of the slope-water cephalopods
exhibit unexpected behaviors.



TROPHIC SUBSIDIES IN THE TWILIGHT ZONE: FOOD WEB STRUCTURE OF OUTER
CONTINENTAL SHELF REEF FISHES

Douglas C. Weaver and K.J. Sulak (Florida Caribbean Science Center-USGS-BRD, 7920
NW 71° St., Gainesville, FL 32653)

Food web structure of reef fishes was examined along the Mississippi-Alabama outer
continental shelf. Fish communities on high-profile topographic features are numerically
dominated by roughtongue bass, Pronotogramus martinicensis, and red barbier
Hemanthias vivanus. Stomach content analysis reveals those calanoid copepods, mollusk
larvae and pelagic tunicates dominate the diet of both species, and these fishes in turn
serve as prey for large reef predators. Seasonal shifts in the diet of planktivores were
also evident. Fish eggs and fish larvae constitute a greater portion of stomach contents in
Feb/March samples, and indicate trophic links to pelagic, soft-bottom, and possibly
inshore primary production (via spawning aggregations of large, migrating species).
Dietary shifts in large predatory species reveals that pelagic plankton and planktivorous
reef fishes form the primary trophic pathways through the year for common fishes in the
deep reef community.



