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Introduction

The patterns of surface water move-
ments directly influence the discribution
of many near surface phytoplankton, zoo-
plankton, nutrients and poallutants. The
most comprehensive review of information
to date on circulation of waters over the
continental shelf south of Cape Hatteras
(Bumpus, 1973) concluded that this area is
a complex and variable system of Interact-
ing forces greatly affected by the shifring
Florida Current.

The Marine Hesources Reseatch
Inscitute (MRRI) of the South Carolina
Wildlife and Marine Ressurcee Department
has joined with the Natlonal Marinme
Fisheries Service to investipate factors
controlling marine fish distributions be-
tween Cape Fear, North Caralina and Cape
Canaveral, Florida as part of the Marine
Resources Monitoring Assessment and Pre-
diction (MARMAP) Program. To accomplish
this objective, MRRI has initiated several
studies of the physical and chemical
cceanographic condiclons of cthis region in
conjunction with major studies of ichthyo-
plankton and groundfish. The objective of
this study was to further describe surface
water movements south of Cape Lookout,
¥orcth Carolina.

Methods

Drift botrles containing preaddressed
return cards of the type described by
Horcrogs and Stanley (1967) were released
at a total of 272 stations (5 bottles per
station). Primary releases (213 stations)
were made between Cape Lookout, North
Carolina and Charleston, South Carolina
during four cruises of the R/V Dalphin
(Seprember and November 1974, January and
April 1975). Stations were located at
18.5 km intervals along 4 to 6 transects

parallel to degrees of laticude, Delfe
bottles were alse released at 51 ground-
fish trawling stacdons hetween Cape Fear,
North Carolina and Cape Canaveral, Florida
during a cruise in Seprember 1975. Bottles
were dropped at ¢ight stations on a single
norcth-south transect through Onslow Ray
during a cruise of the R/V Palumbo in
March 1975 in cooperation with the NMIS's
Atlantic Estuarine Fisheries Center,
Beaufore, North Carolina.

An atctempt was made to limit releases
to surface waters inshore of the Florida
Current, which was ldencified by its
seasonal temperature and salinicy charac-
teristics. However, during the September
1975 cruise, som: bottlez were released in
the Florida Current. Recoveries from most
crulses were calculated on the basis of
the toral nusber of bottles released during
the cruise; recoveries from the September
1975 erulse were calculated on the basis
of releases Inshore of the Flarida Current.

At each station of each cruise, wich
the exception of the March cruise, a water
temperature profile was made with an
expendable or mechanical bachythermograph,
and surface water temperatures and
salinicies were taken.

Results

Toral card recovery was 13.8%7 of the
number of drife bottles released: the
greatest part of the cecovery (12.1%) was
from bottles released in September, both
in 1974 and 1975. The fewest returns were
from releases during November 1974,

During September 1974 and 1975 many
cards were recovered in northern Florida
(Figs. 1 and 2) from bortles relecased
south of Frying Pan Shoals (the submarine
projection of Cape Fear). Release sites
during 1975 ranged over a greater shelf
area and corresponded to recoveries over
a lavpge segment of the southeastern coast-
line (Fig. 2), while a release area narth
of Charleston in Sepcember 1974 resulted
in recoveries concentratced only in northern
Flerida (Fig. 1}. Tn September 1974, there
were no returns [rom bottles released north
of Frying Pan Shoals, while in September
1975, two returns were ohtained north of
the Shoals (Table 1). During September
1975, bottles released north of Frying Pan
Shoals generally were recovered northcast
of the releage point, while those released
immediately south of this physiographic
feature were recovered to the northwest
(Fig. 2).

Return locations from the few bottles
released in or at the edge of the Florida
Current during September 1975 were wvarl-
able in dirvection. From one statiom
approximately 115 kmdue cast of Charleston
at the edge of the Florida Currenct, twa
bottles were recovered in opposite diree-
tions. One bottle was recovered just south
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Figure 1. Drifr Bortle Cruise September 15-13, 1974, Open circles Indicate
release stations; solid circles indicate release stations from which bottles
were recovered; arrows indicate probable drift direction end area of recovery.
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Figure 2. Drift Bottle Cruise August 31 - Septembar 19, 1975.
indicare release stations; solid circles indicate release stacions from which
bottles were recovered; arrows indicate probable drift direction and area of

TeCOvery.
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of Cape Hatteras in 23 days and the other
just south of Jacksonville in 64 days at
approximately equal distances (376-384 km)
from the releass point. A single recovery
from a release about 59 km due east of the
above station (completely under the influ-
ence of the Florida Current) also was made
just north of Cape Camaveral. A nearshore
release within the waters of the Floride
Current just north of Cape Canaveral
resulted in a northward movement (98 km)
and recovery of two bottles.

In November, there were no Teturns
from bottles released south of Frying Pan
Shoala, and only a single return north of
a release position north of the Shoals
(Fig. 3). In January, returns were simi-
lar to those in November (Fig. 4). In
March, releases were confined to Cmslow
Bay, a body of water insulated by Capes

Table 1.

Drift bottle recovery relative to release north or south of

Fear and Lookout, with returns limited to
only north of release sites (Fig. 5). In
April, card returns from relesases north of
Frying Pan Shoals were primarily northeast
of release positions, while releases south
of Frying Pan Shoals were recovered north-
west of release positions (Fig. 6).

Current speeds were calculated using
the first recovery date from each release
station (Table 1). Calculated rates of
surface water movement south of Frying Pan
Shoals ranged from 1.5 km/day in April to
11.3 km/day in September, while inferred
rates north of the Shoals ranged from 2.4
km/day in November to 12.7 km/day in April.
Pronounced differences existed in card
recoveries (Figs. 1-6) and monthly calcu-
lacted current speeds (Table 1) for drifc
bottles released north and south of Frying
Pan Shoals.

Frying Pan Shoals.

Average Ddrection Average Distance Average B.P';-;d_- Recovery as
From Releazae From Release (Em) Kmfday I of Tocal Release
Each Cruise
Rorth South Horch Souch Norch South Rorch Soutch
Saptember 74 KR 210" NR 489 KR 11.5 BR 18.1
Novemhar 74 ﬂﬁ]' R 160 NR 2.4 KR 0.3 NR
January 75 068" HR 46 NR 3.1 KR 1.1 HR
H.lrfhl 75 DI:IS. - 14 - 2.9 - 22.5 -
April 75 oso” 330" 102 33 12.7 1.5 0.7 3.3
September 75|  024° 2012 77 2042 3.3 662 o0t | 431
= = Ho Relegses

SR = HNo Recoveries

L Releases only in Onslow Bay; 8 stations.

2 Calculation does not include returns from 2 statlons directly south of Frying Pan Shoals, bottles
of which were recovered northwest of release positions.
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Figure 3. Drift Boctle Cruise November 7-14, 1974. Open circles indicate
release statlons; solid circles indicate release stations from which bottles
were recovered; arrows indicace probable drift direction and area of recovery.
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Figure 4, Drifr Bottle Crulse January 17-27, 1975. Open circles indicate
release stations; solid circles indicace release stations from which bottles
were recovered; arrows indicate probable drife direction and area of recovery.
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Figure 5. Drifr Borrle Cruise March 12-14, 1975. Open circles indicate

raleasa srations; solid cireles indicate release stations from which bottles
were recovered; arrows indicate probable drifr direction and area of recovery.
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Figure 6. Drift Bottle Cruise April 16-21, 1975. Open circles indicate
release stations; solid circles indicate release stations from which bottles
were recovered; arrows indicate probable drift direction and area of recovery.



Discussion

The relatively short duracion becween
release and recovery (1-134 days) of
bottles during this study suggests trans-
portation by shelf waters inshore of the
influence af the Florida Current. Complece
lack of returns within a short period indi-
cates encrainment of botctles and surface
waters by the northerly current and removal
from the nearshore system or, less likely,
total loss of bottles stranded in marsh-
lands along the coast. Bumpus (1955)
reported returns from bottles transported
from waters off North Carolina by the Gulf
Stream ranging from 218 days (from the
Azores) to 891 days (from England). During
all months except September 1975, recovery
of bottles suggests a sharp boundary
between the waters of the Florida Current
and inner shelf. Several returns from
relesses in Seprembar 1975 in or at the
eédge of the influence of the Florida Cur-
rent were recovered at much later dates
than releases further inshore and, there-
fore, appear to have been temporarily
crangported within the norctherly current
prior to release within the southerly
surface system of the inner shelf.

Inferred water movements indicate the
importance of Frying Pan Shoals, which ex-
tend almost ascross the whole shelf, on the
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influence of the Shoals area appears
especially pronounced during September
{Fig. 7), when the southerly counter
current dominates the inshore water circu-
lation. Card returns from September
releases suggest that the southerly surface
witer movements may initiate just south of
Cape Fear and dissipate north of Cape
Canaveral. Atkinson and Jaffe (In Press)
have demonstrated the relationship between
the presence of a strong geostrophic force
and the strong southerly drift obhserved
inshore during September in this study and
previously by Bumpus (1955) and Bumpus and
Chase (1964). Bumpus (1973) states that
the highly variable nature of the surface
drift in the South Atlantic Bight 1s due
to the interplay of a geostrophic current
with southerly influence and the Florida
Current with northerly influence.

Limited returns during MHovember,
January and April appear co indicacte a
weak portherly surface water movement
nearshore, especially in Onslow Bay, and
suggest entraimment of surface waters over
most of the shelf with the northerly-
moving Florida Current system. The
observed drifr direcrions of borrcles
released south of the Shosls in April con-
cur with recent findings by Atkinson and
Jaffe (In Press) for releases south of
Charleston, South Carolina. We found no
correlation between estimates of monthly

eirculacion patterns of this area. The average Ekman transport wvalues (Gunn, 1976
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Figure 7.

The submerged projection of Cape Fear, indicated by the 20 m

isobath contour and the percent of drift bottle recovery from bottles released

in September, 1974.
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and Ingham, 1976) and the direccion of
inferred surface water drift. Northerly
returng within Onslow RBay could reflect
slow northerly movement within nearshore
gsurface waters (Bumpus, 195%: Bumpus and
Lauzier, 1965; and Stefansson, Atkinson
and Bumpus, 1971} or more rapid transport
within the counterclockwise eddy indicaved
by results of Stefansson and Ackinson
(1967).

The average calculated speed for the
northerly surface drift in Onslow Bay
during April (12.7 km/day) was sipnifi-
cantly greater than that previously
reported by Bumpus (1973) during this time
of year (5.6 to 7.4 km/day). The average
current speeds calculated for northerly
and southerly drift during other months
agree with Bumpus (19713).

Additional surface and midwater cur-
rent studles are in progress in Onslow Bay
by NMFS at Beaufort, North Carclina and
south of Charleston by Skidaway Institute
of Oceanography and the University of
Miami. These should increase our under-
standing of the circulation patterns over
the continencal shelf south of Cape
Hatteras.
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