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Abstract

Ocean margin waters contain a host of dissolved and particulate materials of terrestrial and marine origin. The

presence of these materials can confound the chlorophyll a (chl a) estimates retrieved by ocean-color satellites’ empirical

algorithms. We apply edge detection software to chlorophyll a and water-leaving radiance (Lwn) data from 1998 sea-

viewing wide field-of-view sensor (SeaWiFS) imagery to examine this problem within ocean margin waters off the

southeastern continental United States (SEC) and South Atlantic bight (SAB). We identify the location of boundaries

differentiating waters containing different backscattering components. Identifying those areas where apparent chl a

gradients may be caused by differential backscattering helps to determine the location of those gradients caused by real

changes in chl a concentrations. An onshore/offshore phytoplankton gradient and seasonal signal not previously

detected in SEC waters was revealed from examination of cross-shelf transect data for the months of the study.

Phytoplankton concentrations and associated gradients or fronts were connected with the inner, middle or outer shelf

based on the biological response to local physical and atmospheric forcings. River flow and wind stress affect inner shelf

chl a distributions, while offshore chl a distributions are controlled by Gulf Stream meanders. Carolina Capes’

oceanography influenced chl a frontal variability in that local region. We also explore the possibility of utilizing the

edge detection algorithm to delineate boundaries between waters dominated by different algal classes.

r 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Spatial and temporal variability in phytoplank-
ton biomass and productivity in the South Atlantic
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bight (SAB) is affected by many processes.
Seaward of the 20-m isobath in the SAB, upwelling
and intrusion of nutrient-rich waters asso-
ciated with frontal eddies and meanders of the
Gulf Stream front cause surface and subsurface
phytoplankton blooms (Verity et al., 1993; Pribble
et al., 1994). The Gulf Stream frontal region itself
often has enhanced phytoplankton chlorophyll a

(chl a) concentrations caused by mixing related to
d.
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wind and Gulf Stream interactions (Ryan and
Yoder, 1996). Processes that result in either
relatively high or low phytoplankton concentra-
tions do not operate uniformly across or along the
shelf and in offshore waters. One observes chl a

gradients, and at times strong gradients, separat-
ing water masses influenced by different processes
that affect the nutrient and irradiance environment
of the mixed layer. Thus, chl a gradients are one
measure of the spatial variability within a region,
as well as an indicator of the boundaries separat-
ing waters influenced by qualitative or quantitative
differences in oceanographic processes.
Under ideal conditions, satellite ocean-color

remote sensing is a tool for observing large-scale
phytoplankton chl a (a proxy for phytoplankton
biomass) patterns at daily to interannual time
scales. The imagery provides chl a maps that are
both more frequent and spatially complete than
can be obtained with in situ sampling (Yoder,
2000). The imagery contains much information on
spatial variability at 1-km to ocean-basin scales. In
this paper, we apply edge detection software to
study spatial variability in the SAB, including the
location of boundaries differentiating waters con-
taining different backscattering components. High
backscattering, generally caused by sediment or
high levels of organic detritus, confounds the
standard satellite chl a algorithms. Identifying
those areas where apparent chl a gradients may be
caused by differential backscattering, helps to
determine the location of those gradients that are
caused by real changes in chl a concentrations.
The purpose of this paper is to study gradients

in chl a concentrations (hereafter referred to as
‘‘fronts’’) on seasonal time scales. We provide a
method for detection and elimination of pixels in
ocean-color satellite imagery where simple empiri-
cal algorithms yield false chl a fronts. We also
explore the possibility of utilizing the edge detec-
tion algorithm to delineate boundaries between
waters dominated by different algal classes based
on the approximately inverse proportionality of
their specific marker pigment spectral absorption
peaks in SeaWiFS water-leaving radiance imagery.
For the latter, we assume (1) SeaWiFS is
accurately corrected for atmospheric effects, (2)
the wavelength of minimum pigment absorption
or the portion of the water-leaving radiance
spectrum that is relatively independent of pigment
concentration for which SeaWiFS has a detector is
approximately 555 nm, and (3) SeaWiFS algo-
rithms return an accurate estimate of phytoplank-
ton chl a.
2. Methods

SeaWiFS imagery was obtained from NASA/
Goddard Space Flight Center as Level 1 data, and
processed to Level 3 data using UNIX C++
scripts and the SeaWiFS data analysis system
(SeaDAS-Fu et al., 1998) and interactive data
language (IDL, Research Systems, Inc.) software
packages. Level 3 data were mapped to a
1024� 1024 pixel Lambert’s Conic projection
covering the area from 251 to 361N latitude, and
701 to 821W longitude, extending from Cape
Hatteras, North Carolina to Miami, Florida.
Monthly arithmetic means of chl a were produced
by compositing daily imagery (Fig. 1).
For the edge-detection analyses, we used a

cohesion algorithm developed by Cayula and
Cornillon (1992, 1995), and modified by Ullman
and Cornillon (1999). Frontal locations of Sea-
WiFS Lwn (555 nm) and chl a data were deter-
mined using the edge-detection algorithm written
in the Ratfor language (Kernighan and Plauger,
1976). Output was manipulated in the driver
software package (DSP, University of Miami)
and MATLAB (Mathworks, Inc.) code. Apparent
chl a fronts that could be caused by high
backscattering rather than by chl a absorption
were delineated according to methodology de-
scribed in Bontempi (2001). In brief, we used the
congruent location of frontal locations in daily
images of water-leaving radiance (Lwn) data at
555 nm and chl a to identify the apparent chl a

fronts that might have been mis-identified as chl a

fronts. In other words, Lwn (555 nm) fronts may
indicate an optical signature dominated by the
transition from waters of high to low backscatter
indicative of a transition to detritus- or sediment-
dominated waters, rather than a chl a front (Aiken
and Moore, 1997). High backscatter waters are
likely to be located on the side of the Lwn (555 nm)
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Fig. 1. Map of the southeastern continental United States (SEC).
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front having a higher radiance (Fig. 2). Implica-
tions of high CDOM levels on remotely sensed
phytoplankton distributions were not considered,
although absorptive effects of CDOM also can
confound SeaWiFS chl a algorithms (Carder et al.,
1989; Roesler and Perry, 1995). Fig. 3 illustrates an
example of the procedure to identify potential high
scattering waters. Three presence/absence cases are
defined: pixel locations where both parameters are
spatially congruent (Fig. 3A), where the front is
evident only in chl a (Fig. 3B), or only in Lwn
(555 nm) fronts (Fig. 3C). Using January 1998 as
an example, margin waters showing extensive
congruence between chl a and Lwn (555 nm) fronts
are found near Cape Canaveral along the 40-m
isobath, shelf break (100-m isobath), and offshore
of Cape Hatteras between the 40- and 100-m
isobaths (Fig. 3A). Long, Onslow, and Raleigh
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Fig. 2. (A) Map of SeaWiFS water-leaving radiance (555 nm) within SEC, showing cross-frontal transect in blue, and (B) plot of

water-leaving radiance values across the radiance front.

Fig. 3. Frontal location comparison for SEC water-leaving radiances at 555 nm and chlorophyll a distributions during January 1998,

(A) radiance and chl a spatial congruence, (B) chl a but no radiance frontal presence, and (C) radiance but no chl a frontal presence.

P.S. Bontempi, J.A. Yoder / Deep-Sea Research II 51 (2004) 1019–10321022
bays are speckled with overlapping chl a/Lwn
(555 nm) fronts, and a large zone of congruent
fronts extending from Onslow Bay into Raleigh
Bay. Onslow Bay has congruent fronts located
closest to shore (at the 20-m isobath).
To examine the spatial persistence of chl a fronts

and associated monthly and seasonal phytoplank-
ton distributions, we formed monthly composites
of the frontal pixels flagged in daily images, and
then frontal frequencies were calculated for each
month’s chl a data. Spatially congruent frontal
pixels in co-registered Lwn (555 nm) and chl a daily
imagery were flagged, and these fronts were
removed from analyses of chl a fronts. Frontal
frequencies were calculated for cloud free pixels
during each month of 1998, and final plots of
frequency percentiles were constructed.
Full-resolution (1� 1 km) advanced very high

resolution radiometer (AVHRR) sea-surface tem-
perature images were used to determine the
influence of Gulf Stream monthly flows and
associated mixing on SeaWiFS chl a distributions.
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3. Results

3.1. Seasonal frontal variability

Monthly mean SeaWiFS chl a images for
January, March, May, August, and November
1998 are shown in Fig. 4, and chl a concentrations
along across-shelf transects extracted from the
images are illustrated in Fig. 5. Of the five months,
the highest chl a concentrations are found in
March. The March images and data extractions
(Figs. 4 and 5) show shelf concentrations near
3mgm�3 for waters shoreward of the 40-m
isobath or roughly 2� January values. Chl a

concentrations begin to decrease across the shelf
during May 1998. Mean chl a shoreward of the 40-
m isobath decreased from about 3.0mgm�3 in
March to approximately 1.0–1.5mgm�3 in May.
Chl a concentrations are lowest during August
(Figs. 4 and 5), with a region of comparatively
high chl a found only very close to shore (Figs. 4
and 5). Chl a concentrations are higher in
November than August, with concentrations
shoreward of the 40-m isobath having a mean
value of approximately 0.6mgm�3. The seasonal
patterns evident in these monthly images suggest
that seasonal changes in the location of chl a
Fig. 4. SeaWiFS chl a mean monthly composites during 1998 for (A)

Scale is chlorophyll a in mgm�3.
fronts will change as the width of the regions of
high concentrations expands and contracts with
season. Testing this hypothesis is the next step in
our analyses.
Fig. 6 shows the location of chl a gradients

(hereafter referred to as ‘‘fronts’’), and Fig. 7
shows the frequency of fronts. In Fig. 7, frontal
frequencies were calculated after daily frontal
locations for chl a and Lwn (555) for a given
month were compared, and potentially non-valid
spatially congruent chl a frontal locations were
eliminated. Chl a fronts ‘‘move’’ offshore from
January to March, apparently caused by a seaward
extension of the high chl a waters of the inner shelf
region. March chl a fronts are located along and
inshore of the 20-m isobath, and in contrast to
January, are within midshelf (20–40m) waters and
in waters beyond the shelf break (100m) for the
northern and southern extents of the study area. A
frontal cluster developed from Cape Fear to
Charleston, SC between the 40 and 100-m
isobaths. South of Charleston, SC, chl a fronts
are found along the 100-m isobath.
The majority of chl a fronts during May are

located further offshore than during either Jan-
uary or March. There were fewer fronts along the
20-m isobath than for January and March, and
January, (B) March, (C) May, (D) August, and (E) November.
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Fig. 5. Chl a arithmetic mean data for each SEC subregion. Data plotted for the (A) Northern Transect (top), and (B) Southern

Transect (bottom), from onshore to offshore for each month.
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most May fronts are located along the 40-m or
beyond the 100-m isobath throughout the length
of the study region. Waters off Cape Hatteras
show a dense aggregation of fronts, with a large
wedge-like feature in the center of the study area in
waters offshore of Savannah, GA, and Charleston,
SC.
Frontal distributions were more patchy during

August, with low frontal frequencies along the 20-
m isobath and comparatively high frequencies
along and beyond the 100-m isobath. Dense
frontal zones are concentrated near Cape Canav-
eral and off of Cape Hatteras. Shelf break fronts
exist between Savannah, GA, and Jacksonville,
FL, and between Cape Fear and Cape Romain,
along the 40-m isobath. By November, chl a

frontal locations are concentrated just shoreward
of the 20-m isobath. November is apparently a
transition towards conditions evident in January
imagery, as fronts develop offshore of Cape
Hatteras and along the 20-m isobath.
With the exception of January, Fig. 7 shows that

frontal frequencies are generally low near the coast
along the 20-m isobath (3–10% with some excep-
tions) and increase (17–30%) near the 40-m
isobath and beyond the shelf break. In contrast,
frontal frequency is highest along the 20-m isobath
during January.
AVHRR sea-surface temperature (SST) images

(Fig. 8) provide insight into water mass boundaries
within the study area. SST gradients (fronts) were
determined in cloud-free AVHRR–SST images
from each month, and the locations of the SST
fronts compared to the chl a fronts previously
described. For the inner, middle and outer shelf
areas, locations of persistent chl a fronts are
generally co-located with SST fronts; this provides
evidence supporting a strong influence of physical
mixing and other processes on chl a distributions.

3.2. Gulf stream boundary

Gulf Stream meanders occur at the shelf break
(Atkinson and Menzel, 1985) during January.
Meanders infuse warmer surface and subsurface
Gulf Stream waters onto the shelf (Atkinson and
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Fig. 6. Chl a monthly frontal composite for each month of 1998 SeaWiFS data, (A) January, (B) March, (C) May, (D) August, (E)

November. Fronts are in purple, isobaths are in black (20, 40, 100-m).
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Menzel, 1985), producing synoptic scale eddies or
lingering features (Pietrafesa et al., 1985). The
interaction of water masses of varying temperature
and their associated nutrients cause the wedge-like
chl a frontal feature located between the 40 and
100-m isobaths near Jacksonville, Florida, in
January (Figs. 6A and 7A). Current activity
around the shelf break influences the wedge-like
frontal distribution present. The wedge-like fea-
ture remains for longer than a synoptic (2-day to
2-week) period, showing up in the monthly frontal
composite owing to a persistent meander. The
presence of record river flows from the nearby
Altamaha River has some effect on the slightly
higher concentrations of phytoplankton contained
within the wedge-like feature.
Figs. 6C, 7C and 8C show that the major cause

of the offshore chl a frontal regions in May is the
presence of Gulf Stream meanders and associated
counter-flows, as the chl a frontal regions clearly
delineate the warmer waters of the Gulf Stream in
the SEC. Gulf Stream meanders and May shelf-
break current flows are mainly responsible for
causing the offshore wedge found beyond the 100-
m isobath (Fig. 6C), containing a zone of elevated
chl a. As the Gulf Stream flows northward through
the study area, meanders occur, shown by warm
core filaments in counter flow (Fig. 8C; Oey, 1986).
Cold-core eddies (nutrient-rich) result and are
associated with the southward meander (Pietrafesa
et al., 1985; Oey, 1986), causing the frontal
distribution shown. Gulf Stream meanders and
their associated filaments or intrusions are the
primary conduit for nutrient supply within SEC
shelf waters (Atkinson, 1985; Oey, 1986), so a
lingering eddy permits phytoplankton to grow and
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Fig. 7. Chl a frontal frequency for each month of SeaWiFS data during 1998, (A) January, (B) March, (C) May, (D) August, (E)

November. Scale is from 0% (purple) to 40% (red).
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an associated chl a frontal region to develop.
Remnants or decay of a meander or eddy are
indicated by frontal frequencies around 25% in
waters off of Savannah, GA (Fig. 7C). Also, Gulf
Stream induced upwelling, represented by the
colder waters, occurs at the shelf break. The
presence of nutrient-rich upwelled waters in
certain areas across the shelf affects phytoplank-
ton production within outer shelf waters (Yoder,
1985).

3.3. Monthly frontal variability: 443 nm vs. 490 nm

Phytoplankton chl a and carotenoid pigments
(as well as detritus) are the primary absorbers of
light in ocean waters at 443 nm (Kirk, 1994).
Phycobilipigments are the main phytoplankton
pigment absorbing light at 490 nm (Kirk, 1994;
Falkowski and Raven, 1997). Thus, differences in
Lwn (443 nm) and Lwn (490 nm) frontal locations
may indicate transitions between waters domi-
nated by different taxa of phytoplankton: i.e. those
containing phycobilipigments versus those that do
not. If this interpretation is correct, one would
expect to see more frontal structures in offshore
waters of Lwn (490 nm) radiance imagery, as
phycobilipigment-containing cyanobacteria are
more common to oceanic than shelf waters. As
CDOM absorbs more strongly at Lwn (443 nm)
than at Lwn (490 nm), one expects stronger and
more frequent gradients in Lwn (443 nm) near the
shore where river discharge is a source of CDOM.
Images of Lwn (443 nm) and Lwn (490 nm)

frontal locations from March, May, August and
November (Figs. 9 and 10) show many instances
on non-congruent fronts, but no consistent pat-
tern. For example, the March image pair (Fig. 9)
shows that there are more Lwn (490 nm) fronts
near the coast than Lwn (443 nm), particularly in
the Carolina Capes regions. The May image pairs
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Fig. 8. SEC AVHRR sea-surface temperature data, one day for each month of the 1998 study, (A) January, (B) March, (C) May, (D)

August, (E) November. Chl a fronts are in black, 40-m isobath is in purple. Note influence of shelf break Gulf Stream meanders and

near shore river flow effects on chl a.
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(Fig. 9) showed similar predominance of Lwn
(490 nm) fronts in the Carolina Capes regions with
more Lwn (443 nm) fronts in offshore waters. In
contrast, the August image pairs show extensive
fronts in both radiance bands in offshore waters.
Note also that the Gulf Stream front is well-
delineated by fronts in the Lwn (443 nm) radiance
band but not by Lwn (490 nm) band. This pattern
may indicate that the blue-band absorption fronts
in this region are dominated by CDOM and not by
chl a. In the November pairs, offshore fronts in the
Lwn (490 nm) band are very common but com-
paratively rare in the Lwn (443 nm) band. The
general pattern in the imagery from four months is
that the two radiance bands often show very
different spatial structures as evidenced by differ-
ences in the location and abundance of their
respective gradients.
4. Discussion

As discussed below, the results show that chl a

concentrations and chl a frontal frequency dis-
tributions during 1998 are related to physical
oceanographic features and processes associated
with the inner (o20-m isobath), middle (20–40-m
isobaths), and outer (440-m isobath) SEC shelf
waters in which they are found.

4.1. River impacts

River runoff and southerly wind stress (i.e.
winds with a component from the north) during
winter months (Blanton et al., 1985) are the likely
explanation for the predominance of chl a fronts
along the 20-m isobath in the January imagery.
These conditions cause onshore flow of surface
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Fig. 9. Frontal location for SEC water-leaving radiances at 443 and 490nm during (A) March 1998 (443 nm), (B) March 1998

(490 nm), (C) May 1998 (443 nm), and (D) May 1998 (490 nm). Overlapping 443 and 490 nm pixels have been removed. Note: linear

fronts are an artifact from daily swath boundaries.
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waters thus confining freshwater runoff and
associated nutrients to a narrow coastal band
(Lee et al., 1985). River flow for several rivers in
the SAB region, including the Altamaha, the Pee
Dee, the Savannah, and the St. John’s River were
well above historical January levels (USGS, 2000).
The Altamaha River’s flow was at a 70-year high
(USGS, 2000). Riverine nutrients would support
local phytoplankton growth, while different shelf
water masses concentrate phytoplankton growth
in the nearshore 20m-depth area, resulting in chl a

fronts.
During March, shelf waters shoreward of the

40-m isobath had comparatively high phytoplank-
ton chl a concentrations and chl a fronts were
farther offshore than in January. The spring
generally is a time of increased river runoff, and
when coupled with a shift from southerly to
northerly wind stress, comparatively fresher water
moves farther offshore than during winter (Blan-
ton et al., 1985). These processes explain why
fronts move offshore during spring.
May 1998 inner shelf waters have fewer fronts

along the 20-m isobath than inner shelf waters
in January and March 1998. Shelf waters in May
are generally stratified owing to increases in
surface heating, declining runoff (USGS, 2000),
and low wind stress (Atkinson, 1985). Surface
waters under stratified conditions lack nutrients
required by algae, and this accounts for low shelf
water concentrations of chl a in the May 1998
SeaWiFS image. During May, chl a frontal
locations are mainly located offshore. The
wedge-like chl a feature defined by higher frontal
frequencies located near Savannah, GA, in May, is
the result of lower salinity, less dense, nutrient-rich
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Fig. 10. Frontal location for SEC water-leaving radiances at 443 and 490 nm during (A) August 1998 (443 nm), (B) August 1998

(490 nm), (C) November 1998 (443 nm), and (D) November 1998 (490 nm). Overlapping 443 and 490nm pixels have been removed.

Note: linear fronts are an artifact from daily swath boundaries.
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riverine waters overriding more saline offshore
waters.
The decline in chl a concentrations from May to

August may be caused by a decrease in river flow
for major rivers in the SEC (USGS, 2000), along
with an onset of stratification, decrease in local
mixing due to solar warming and elevated water
temperatures. Decreased mixing and increased
stratification in the summer restricts the supply
of nutrients to phytoplankton, whose growth may
decrease as a result. In November, SEC atmo-
spheric and hydrologic processes begin the transi-
tion from autumn to winter conditions, and SEC
phytoplankton respond to the associated increase
in wind mixing. A chl a frontal boundary begins to
develop again along the 20-m isobath within inner
shelf waters. Major SEC river flows are at mean
levels (USGS, 2000). Coastal currents flow south-
ward and a strong mean southwestern wind stress
is present over the SEC (Blanton et al., 1985;
Atkinson, 1985), which can confine low salinity
waters along the coast.

4.2. Summary of major seasonal chl a patterns

Phytoplankton chl a concentrations extracted
from two subregion transects show onshore/off-
shore gradients consistent with our previous
discussion of river runoff, the Gulf Stream, and
atmospheric forcings. Seasonal patterns are evi-
dent in both northern and southern transect
subregions during the five months studied. March
imagery showed the highest phytoplankton chl a

concentrations, in both coastal and offshore
waters. May imagery showed an apparent decay
of the ‘‘spring bloom’’, i.e. concentrations de-
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creased significantly from March to May. August
phytoplankton levels decreased further due to
warming of the water column, associated stratifi-
cation and decreased mixing. November and
January air temperatures decline, water-column
mixing begins to increase, and phytoplankton
populations reflected a return of nutrients to the
water column through physical mechanisms.

4.3. Gulf stream impacts

Near the Gulf Stream front, chl a fronts move
offshore between January and March, and frontal
regions develop at the 40-m isobath and between
the 40-and 100-m isobaths. The 40m frontal
region extends from Charleston, SC, northward
during March 1998, and is caused by warmer,
oligotrophic Gulf Stream waters that meet with
shelf waters, causing a long chl a frontal feature to
develop. SEC shelf waters beyond the 100-m
isobath support a concentration of chl a fronts
off of Cape Canaveral, delineating the Charleston
Bump and an associated high chl a area. The
Charleston Bump causes an imbalance in vorticity
and an offshore flow of the jet of the Gulf Stream
(Lee et al., 1985). When north/northeastward Gulf
Stream flow is combined with east/northeast
predominant wind stress (Blanton et al., 1985),
phytoplankton may be concentrated in a frontal
(line) near the shelf break and beyond (100m).
Gulf Stream flow is advected by the Charleston
Bump, and winds and Ekman flow may force the
surface waters in conflicting directions, possibly
causing the outer shelf frontal distribution seen
during March 1998.
Frontal frequencies show frontal features to be

scattered and low in ‘‘persistence’’ or duration
(most frequencies between 0% and 10%) during
August, but there are any fronts consistent with
‘‘events’’. Waters of elevated frontal frequency
near Charleston, SC, may be due to the presence of
the Charleston Bump, a topographic feature in the
study area located off Charleston at about 500m
depth, which turns the flow of the Gulf Stream
northward around the Bump. The surface water
temperature over the Charleston Bump is slightly
colder than surrounding waters, so it is likely that
local upwelling processes may occur in this area,
supplying phytoplankton with nutrients for
growth.
There is a region of elevated frontal frequencies

(�35%) and a series of curving frontal patterns
east of Cape Canaveral, between the 40 and 100-m
isobaths during November 1998 suggestive of Gulf
Stream meanders (Atkinson, 1985). Chl a concen-
trations begin to increase in outer shelf waters
compared to August distributions, possibly due to
an increase in winter wind speeds, associated
mixing, and Gulf Stream meanders resuming after
summer water-column stability. The return of shelf
break mixing may inject nutrients into the
euphotic zone and supply phytoplankton with
nutrients for growth.

4.4. Summer upwelling off Florida

During August 1998, chl a fronts were more
abundant off northern Florida just north and south
of Cape Canaveral than in coastal waters farther
north (off Georgia and South Carolina). Summer
subsurface intrusions and subsurface phytoplank-
ton blooms are known to occur in middle and outer
shelf waters in this region. Intrusions can extend to
the coast off Northern Florida, particularly just
north of Cape Canaveral up to about 301N north
latitude, and upwelling of nutrient and chl a-rich
waters reach the surface in this region (Verity et al.,
1993). This sequence of processes is the likely
explanation for the comparatively high abundance
of chl a fronts located here. This point is also
consistent with the observation that August fronts
in this region are not linked to a particular isobath
or location, but rather are distributed throughout
inner and middle shelf waters. Such a distribution is
consistent with onshore movement of subsurface
intrusions followed by transient upwelling or
mixing caused by episodic wind stress.

4.5. Carolina capes

SEC bathymetry may be responsible for local
influence of frontal locations, specifically around
the Carolina Capes. For all months of this study,
the Cape regions are contoured by chl a fronts.
Fronts are congregated along the 20-m isobath
within this region, particularly during January,
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March and November. May and August chl a

frontal regions within the Carolina Capes are also
present along the 20-m isobath, but with a lesser
frequency than during the other months of the
study. The cuspate shore line and shoals associated
with the various Cape spits of land are two major
features that influence the local SEC oceanogra-
phy (Pietrafesa et al., 1985). Several local water
masses are present in this region during all
seasons, each having different temperature and
salinity signatures. The location of SEC water
masses such as Virginia coastal water, Carolina
Capes’ water, and Georgia water varies with shelf
bathymetry and shoreline orientation by season
(Pietrafesa et al., 1985). The movement of these
local water masses as influenced by local wind
events may direct riverflow and confine chl a fronts
along the 20-m isobath to various extents during
these months.
5. Conclusions

Previous research in SEC coastal waters con-
cluded that the resident waters lacked a spring
phytoplankton bloom and other seasonal features
(Atkinson, 1985; Yoder, 1991; Verity et al., 1993).
Our paper presents contrary results using three
strategies. Monthly phytoplankton chl a concen-
trations were examined along two randomly
placed transects within SEC waters in an on-
shore/offshore pattern showing a seasonal pattern.
A frontal edge detection algorithm run on daily
SeaWiFS chl a imagery showed seasonal changes
within the abundance of phytoplankton and
location of frontal locations within SEC waters.
Frequencies of chl a frontal locations were defined
on an inner, middle and outer shelf basis,
delineating where frontal structures migrated or
developed during different months.
The edge detection algorithm did not reveal a

clear frontal pattern within the 443 and 490 nm
radiance data for the months of the study, and its
simple application to distinguish boundaries be-
tween waters dominated by different algal classes
was not conclusive. However, a combination of
remotely sensed radiance data with matching in
situ information and optical modeling may im-
prove phytoplankton functional group identifica-
tion using remote sensing technologies.
Accurate detection of ocean margin phyto-

plankton chl a variability, as evidenced in our
study by chl a fronts, is critical for development of
primary production and biogeochemical and
ecosystem models. Frontal-edge detection algo-
rithms and analyses coupled with ocean-color
remote sensing data provides a method for
detecting and eliminating pixels where simple
empirical algorithms yield false chl a fronts owing
to high-scattering materials in the water. Our
approach may also prove useful in the analyses of
ocean-color imagery of other ocean margin waters.
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