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Abstract

Harmful algal blooms (HABs) oKarenia brevis are a recurrent problem in the Gulf of Mexico, with nearly annual
occurrences on the Florida southwest coast, and fewer occurrences on the northwest Florida and Texas coasts. Beginning
in 1999, the National Oceanic and Atmospheric Administration has issued the Gulf of Mexico HAB Bulletins to support
state monitoring and management efforts. These bulletins involve analysis of satellite imagery with field and meteorological
station data. The effort involves several components or models: (a) monitoring the movement of an algal bloom that has
previously been identified as a HAB (type 1 forecast); (b) detecting new blooms as HAB or non-HAB (type 2); (c) predicting
the movement of an identified HAB (type 3); (d) predicting conditions favorable for a HAB to occur where blooms have
not yet been observed (type 4). The types 1 and 2 involve methods of bloom detection requiring routine remote sensing,
especially satellite ocean color imagery and in situ data. Prediction (types 3 and 4) builds on the monitoring capability by
using interpretative and numerical modeling. Successful forecasts cover more than 1000 km of coast and require routine input
of remotely sensed and in situ data.

The data sources used in this effortinclude ocean colorimagery from the Sea-Viewing Wide Field-of-View Sensor/OrbView-2
satellite and processed using coastal-specific algorithms, wind data from coastal and offshore buoys, field observations of
bloom location and intensity provided by state agencies, and forecasts from the National Weather Service. The HAB Bulletins
began in coordination with the state of Florida in autumn of 1999 and inclidédevis bloom monitoring (type 1), with
limited advisories on transport (type 3) and the detection of blooms in new areas (type 2). In autumn 2000, we improved both
the transport forecasts and detection capabilities and began prediction of conditions favorable for bloom development (type
4). The HAB Bulletins have had several successes. The state of Florida was advised of the potential for a bloom to occur at
the end of September 2000 (type 4), and the state was alerted to the position of blooms in January 2000 and October 2001
in areas that had not been previously sampled (type 3). These successful communications of HAB activity allowed Florida
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agencies responsible for shellfish management and public health to respond to a rapidly developing event in a timely, efficient
manner.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction respiratory irritation {ester and Steidinger, 1997
In US waters, blooms occur in most years along the
Karenia brevis, a toxic dinoflagellate, is the most Florida west coast. While less frequent in Texas,
common cause of harmful algal blooms (HABs) in the blooms have occurred there in 6 of the last 7 years
Gulf of Mexico (Fig. 1), impacting all five Gulf coast  (Buskey et al., 1996Villareal, personal communica-
statesK. brevis produces brevetoxins responsible for tion). The first documented event in Alabama, Missis-
neurotoxic shellfish poisoning (NSP), deaths of ma- sippi and Louisiana occurred in 199Bdrtch et al.,
rine mammals and large numbers of fish, and human 1998 Pennock, personal communication). Because of
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Fig. 1. Location of areas in the Gulf of Mexico and southwest Florida coast.
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the threat of NSP, all Gulf states close shellfish beds and Steward, 1985and rarely occurs in highly tur-
in the presence of >5 cells mi. Florida and Alabama  bid water, so the AVHRR is not a suitable sensor for
conduct some routine monitoring, but all the states detection of these blooms. The AVHRR thermal data
monitor in response to indicator events, such as fish can aid in detecting movements of water masses as-
kills, discolored water, or respiratory distress. Moni- sociated withK. brevis blooms Haddad, 1982; Tester
toring is still problematic. Florida alone has more than et al., 1991; Tester and Steidinger, 1297
1000km of coastline at risk for HABs, making im- After an 11-year hiatus, ocean color imagery
proved monitoring a necessity for effective resource again became available in September 1997, when
management. In particular, information is needed that the Sea-Viewing Wide Field-of-View Sensor ocean
can allow managers to assess the extent of HABs andcolor sensor became operational. This sensor pro-
anticipate how to deploy during an event. vides daily images of chlorophyll concentration and
Remote sensing has been proposed as a means ofs useful for detecting patterns in ocean color within a
detecting and characterizing the location and extent of region. In September 1999, the National Oceanic and
HABs because of the potential to observe large areas Atmospheric Administration’s (NOAA) CoastWatch
synoptically Cullen et al., 1997; Tester and Stumpf, program began acquiring imagery routinely for civil
1998; Schofield et al., 1999While the term “red government applications, with HAB monitoring as a
tide” is often used to describe these HABS,brevis primary application. For government operations, Sea-
blooms cause water discoloration varying from ma- WIiFS imagery must be purchased from Orbimage.
hogany to yellow depending on the concentration of This allows use in near real-time, while research and
the organism and the presence of other pigments andeducational applications must wait 14 days for access

phytoplankton speciesSeidinger and Haddad, 1981,
Millie et al., 1995. The states use observers on aircraft
(when practical) to find and delineate discolored wa-
ter when HABs are known or believed to be present.
Mueller (1979)first showed that multi-spectral im-
agery (collected from aircraft) can detect a bloom
containingK. brevis. Steidinger and Haddad (1981)

to imagery.

As a result of the CoastWatch purchase, NOAA be-
gan to integrate the SeaWiFS satellite imagery with
other datasets in order to support the states in monitor-
ing for HABs in the Gulf, starting with Florida. The
various datasets have been incorporated into “Harmful
Algal Bloom Bulletins” that are distributed to state,

demonstrated the potential of satellite sensors with federal and local officials responsible for sampling,
the Coastal Zone Color Scanner (CZCS). This exper- monitoring, or responding to HABs in the Gulf of
imental sensor, which collected data between 1978 Mexico.

and 1986, was designed to monitor phytoplankton

The ultimate goal of the bulletins is to provide both

pigment concentrations. CZCS first showed a major monitoring and forecasting information. Our effort

bloom ofK. brevisin 1978 as a high-chlorophyll, dis-

has focused on four types of monitoring for HABSs:

colored water feature. Subsequently, CZCS imagery monitoring existing blooms oK. brevis (type 1),

was used to estimate the extent of blooms for addi-

tional analyses (e.gvargo et al., 198) However,
routine monitoring was not practical with that sen-
sor because of the delays involved in collecting and
processing the imagery at that time.

Other satellites, such as the Advanced Very High
Resolution Radiometer (AVHRR), have an opera-
tional real-time capability. The AVHRR, normally

detecting new outbreaks ¢f. brevis (type 2), fore-
casting transport of blooms to new locations (type 3),
and predicting conditions favorable for HAB appear-
ance at the coast prior to the outbreak (type 4). Due to
the urgency of making information available to public
health officials and the marine management commu-
nity, the experimental methods here were implemented
in the monitoring program after only a preliminary

used for sea surface temperature mapping, has twoevaluation. This paper will report on the implementa-

low-sensitivity, visible channels that can be used to
find large blooms of phytoplankton that scatter light or
occur in highly turbid water§tumpf and Tyler, 1988;
Gower, 1994; Brown and Yoder, 19p4However,
K. brevis does not scatter light significantlyCarder

tion of these analyses and their utility specifically in
Florida over the first 3 years (1999-2001). In many
applications, the methods are implemented in a mon-
itoring effort only after a program of research and
evaluation.
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2. Methods
2.1. Satellite imagery

The SeaWiFS sensor is on Orblmage’s OrbView-2
satellite and flies in a sun-synchronous polar orbit with

RP. Stumpf et al./Harmful Algae 2 (2003) 147-160

The eastern Gulf of Mexico is an oligotrophic sys-
tem with relatively low concentrations of chlorophyll.
The spring diatom blooms described Gylbes et al.
(1996) lead to chlorophyll concentrations of only
1-3ugl~1, while background levels vary from 0.1 to
<1ugl~1 on the inner shelfK. brevis blooms occur

overpasses at about 13:00 h local time every 1-2 days.usually in the late summer and fall, when diatom

The sensor has a nominal field-of-view of 1.1 km at
nadir with six visible bands for ocean color measure-

blooms are rareK. brevis blooms comprise a signifi-
cant component of the primary production on the west

ments and two near-infrared bands for atmospheric Florida shelf {argo et al., 198yeven with relatively

correction. Typically,K. brevis blooms start in late
summer and continue until mid-winter, although the
duration varies considerably. NOAA obtains one im-
age every 1-2 weeks during the non-bloom period
of winter and spring. In mid-summer, images are ob-
tained more frequently, and during a bloom one to
three images are used each week.

Each image is processed with an atmospheric
correction algorithm that includes a correction for

low growth rates (doubling~0.2 per day;Steidinger
et al., 1998. These blooms are often mono-specific
with concentrations over 100 cells T, with patches
of up to 10,000 cellsmi' (Tester and Steidinger,
1997; Walsh and Steidinger, 2001The blooms
typically contain about jg chlorophyll-a for each
100 cellsmt® (Shanley and Vargo, 1993; Tester
et al., 1998, indicating blooms containing from 1 to
100ug1~1, a major component of the phytoplankton

water-leaving radiance caused by sediment in the biomass. Thus, it appears likely thatbrevis blooms

near-infrared bands and a correction for absorbing
aerosols (compensating for pollution or dust). With-
out this processing, chlorophyll concentrations are
overestimated in more turbid water, particularly when

should produce a significant signal in this region
during the summer and fall.

Given the late-summer dominance Kf brevis,
Thomas (2000)and Stumpf (2001)observed that a

resuspension occurs during the passage of autumnclimatological approach of looking at the chlorophyll

cold fronts. The NASA global chlorophyll algorithm
overestimates in the eastern Gulf of Mexico, usu-
ally from two- to four-fold, necessitating a regional
algorithm Stumpf et al., 2000

2.2. K. brevis HAB monitoring and detection

Chlorophyll is not a unique indicator fd€. brevis,
so we have sought a method for identifying or flagging
high chlorophyll a. brevis. Researchers have devel-
oped methods for detecting optically unique blooms
such as those of coccolithophores dnthodesmium
spp. Brown and Yoder, 1994; Subramaniam and
Carpenter, 1994 Spectral discrimination df. brevis
with the six bands of SeaWiFS is unlikek. brevis
and other dinoflagellates have similar pigments as
diatoms and other phytoplankton found in the Gulf of
Mexico (Millie et al., 1997. Optical discrimination,
based on the relatively low backscatterKf brevis,
offers one approach (e.Garder and Steward, 1985;
Cannizzaro et al., 2002but may require water lacking

anomalies could indicati. brevis blooms. The other
dominant bloom-forming organisms during late sum-
mer or fall are usuallyTrichodesmium spp. (enes
et al., 200). Trichodesmium can be distinguished
by a unique algorithmSubramaniam and Carpenter,
1994; it is highly reflective, whileK. brevis is not
(Carder and Steward, 1985

An anomaly to flag foiK. brevis is determined as
the difference in chlorophyll values between a single
image and the mean over 2 months ending 2 weeks
prior to the image. For example, an anomaly flag image
for September 30 would be found by the difference of
the September 30 image and the mean of images col-
lected from July 15 to September 15. The 2-week lag
reduces the likelihood that a persistent and stationary
bloom will bias the mean. The 2-month period was
chosen because it is long enough to have sufficient im-
ages to describe the seasonal pattern, but short enough
to present a single seasonal pattern. A chlorophyll
anomaly of >Jug1~1 is considered to be indicative of
K. brevis. This corresponds to a potential bloom of 100

particulate matter or other pigments (such as dissolved cells m=1, the minimum detection df. brevisis con-

pigments).

sidered to be about 50 cellsl (Tester et al., 1998
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An examination of imagery and observations of
cell counts >100 cells mi indicates that chlorophyll
anomaly flags accurately identi&. brevis bloom and
non-bloom events along the west Florida coast 75%
of the time, from 1999 to 2001. False positives were
more often observed in the spring and early summer
before the beginning of thi€. brevis bloom season in
August of all 3 years. As expected, false positives oc-
curred in the Big Bend and Florida Bay areas, which
are rarely zones of bloom initiation.

2.3. K. brevis and chlorophyll sampling

Datasets for the presence and concentratioK.of
brevis cells were gathered from a variety of sources
including the Florida Marine Research Institute
(FMRI), Mote Marine Laboratory, and individual
researchers including data collected as part of the
Ecology and Oceanography of Harmful Algal Blooms
(ECOHAB: Florida) program. Cell count information
from state-supported monitoring efforts was obtained
as available, typically 2—7 days after a sample was
collected.

Samples for chlorophyll concentrations and phy-
toplankton identification and enumeration were col-
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3. Results and applications
3.1. Monitoring of blooms

The simplest means of detecting existing blooms
(type 1 monitoring) uses chlorophyll as a surrogate
for K. brevis with a relationship of J.gl~! to 100
cellsmi! (or ug chl-a/18 cells) as shown in the lab
(Shanley and Vargo, 1993; Tester et al., 1998; Tester
and Steidinger, 1997 This relationship appears valid
in the field whenK. brevis dominates phytoplankton
species composition, until the concentrations become
extremely high Fig. 2). At high cell concentrations,
>1000 cellsmt?, chlorophyll may underestimate
the amount ofK. brevis, however this is typically
above the level observed to cause all adverse effects
in humans, fish, and marine mammalgegter and
Steidinger, 199y

The relationship between chlorophyll and cell con-
centration can vary iK. brevisis not a consistent pro-
portion of the phytoplankton species composition. In
the example shown iRig. 2, and inTester et al. (1998)
the field chlorophyll concentration remained equal to
or less than the expected relationship. This indicates
thatK. brevis dominates the chlorophyll biomass, oth-

lected using a rosette sampler or a bucket. Only gryjise the chlorophyll would be greater than expected
samples from the surface layer (depths less than 1.5 M)#om the K. brevis cell counts (and points would fall

are presented here. Chlorophyll concentrations were
measured fluorometricallyParsons et al., 1984as
part of the ECOHAB project. Samples for cell counts
that could not arrive at a counting lab within 24 h
of collection were preserved with Lugol’s fixative
(Sournia, 1978 Enumeration of cells was conducted
as described isteidinger and Melton-Penta (1999)

2.4. Meteorological information

Meteorological information, particularly wind
speed and direction, for the bulletins is obtained from
the NOAA Coastal Meteorological Automated Net-
work (CMAN) operated by the NOAA National Data
Buoy Center (NDBC), which has stations about every
200 km around the Gulf of Mexico. Stations at Venice
and Cape San Blas (in the Florida Panhandle) were
used most often. Ten-minute observations are used
to determine along-shore and offshore wind vectors.
Marine zone weather forecasts are obtained from
National Weather Services Tampa Bay office.

above and to the left of the dotted linekig. 2). Some
variability in the relationship is expected because of

20

chl-a (ug/L)

10

1000 2000 3000 4000 5000 6000
cells/ml
Fig. 2. Relationship of measured chlorophyll-a Ko brevis cell

concentrations off southwest Florida, September 2001. Dotted line
shows the relationship of dgl=* to 100 cells mt?.
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changes in the packaging of chlorophyll in each cell,
which causes a variation in the amount of chlorophyll
in each cell. Chlorophyll packaging may vary with
light intensity, temperature and nutrient availability
(Millie et al., 1995; Carder et al., 1999

Interpretation of chlorophyll imagery requires an
understanding of phytoplankton ecology and suc-
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As a second example, during the first week in
October 2000, &. brevis bloom developed along the
coast around Tampa Bay and Sarasota. Chlorophyll
anomaly images during that time indicated that these
areas werd. brevis blooms. Further to the south near
Sanibel, a new bloom developed and was identified
as K. brevis through the anomaly imagery. Notice

cession in the area. In areas that commonly have was given to the state, and sampling from Sanibel to

low chlorophyll (<0.3p.gl~1) such as the northwest
Florida shelf and the mid-shelf of the southwest
Florida coast, concentrations of chlorophyll alone
can be effective at delineating the offshore extent
of the HABs. Using chlorophyll alone for analysis
of near-shore areas with higher chlorophyll requires

Naples area began on October 17, the first systematic
sampling to take place south of Sanibel. Cell counts
of more than 70 cells mi were reported within a few
miles of the coastKig. 3B). From October 17 to 18
the maximum surface chlorophyll values, at 20-30 km
offshore, decreased from 20 toug |~ (equivalent

access to field data and interpretation by an analyst of 2000 cells mt?! to <300 cells mt1). The decrease

with an understanding of the chlorophyll and optical
patterns in the region.

3.2. Detection of blooms

The need to detedf. brevis blooms (type 2) re-
quires additional capability than simply identifying
chlorophyll patterns. The chlorophyll anomaly images

indicated that the bloom submerged, either swimming
or sinking to the bottom. Local fishers reported fish
kills through the end of October.

In a third example in 2001, blooms were identi-
fied by satellite and field measurement at the same
time. In mid-August, a bloom developed off Sani-
bel but remained south of Sarasota through August
30 (Fig. 4 owing to northerly winds. On Septem-

have provided a means of improving the detection ber 3, reports began of respiratory distress and fish
and delineation of these blooms. The anomaly images kills at Sarasota. Imagery processed and delivered
specifically identify areas that have had an increase on September 4 showed a chlorophyll anomaly near

in chlorophyll concentration, indicating a new bloom.
This information combined with local expertise and
biological and physical oceanographic knowledge of
the area can guide monitoring efforts to investigate
suspect blooms.

The first case of using the bloom detection algo-
rithm occurred in January 2000. In late 1999, a bloom

Sarasota, indicating that the bloom had extended
north to SarasotaF{g. 4). Field data collected on
September 4-5 verified the bloom in the area. Addi-
tional data from Tampa Bay indicated that the bloom
had not reached that far north, consistent with the
imagery.

After the passage of Tropical Storm Gabrielle on

developed along the southwest Florida coast and per-September 14, 2001, the anomaly image indicated
sisted in the Naples area. Early in January 2000, a that the bloom oK. brevis had expanded significantly
fish kill was reported in the Florida Keys suggesting to encompass areas north of Tampa B&jg( 4).
that the bloom may have spread to that area, but stateSome increase in chlorophyll evident in the anomaly
managers lacked specific information to direct sam- may have resulted from resuspension of benthic phy-
pling efforts. Analysis of the chlorophyll and anomaly toplankton. State and ECOHAB cruises confirmed
images identified an area about 50 km northwest of that the HAB had extended northwaréig. 5). In
Key West that indicated the presencekafbrevis at addition, the observe®. brevis well offshore near
concentrations exceeding 500 cellstl(Fig. 3A). 83.2W, 26.5N (Fig. 5 appeared partially flagged
Sampling efforts focused on that region, with field on September 19 and 22 (at lower left and partially
samples subsequently confirming a bloom with at cloud-obscured on September 19 kig. 4). While
least 400-600 cellsmi (medium concentration). the single image does not support identification of
The state and federal agencies followed the bloom the offshore bloom, examination of previous imagery
until it dissipated in the Florida Straits about 2 weeks shows that this feature had moved offshore from the
later. HAB zone.
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Fig. 3. HAB detection with anomalies for southwest Florida: (A) January 18, 2000 and (B) October 17, 2001. Left images shows SeaWiFS
chlorophyll concentrationyg I=1) with symbols showing cell counts taken within 3 days of the image. X means not present, the four sizes

of boxes from smallest to largest show presentl@ cells mi1); low (10-100 cells mtl); medium (100-1000 cells m}); high (>1000
cellsm1). Right image is the chlorophyll anomaly with red marking anomaliep.gl* that would indicate a probablé. brevis bloom.

Black boxes on January images (A) surround areas of anomalous chlorophyll, and known blooms. A bloom in the region above the upper
box (showing measurable cells but no flag) had been flagged in previous weeks but had been static sufficiently long to no longer appear
as an anomaly.
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Fig. 4. Chlorophyll (upper group) and anomalies (lower group) showing the sequence of events from August 30 to September 22, 2001 on
the Florida coast from Tampa to Sanibel, as well as the comparison between chlorophyll pattekhsbesvis anomaly patterns. In the
chlorophyll anomaly images, red indicates probable bloom, green adjacent to red is likely low concentration bloom, green in other areas
does not usually indicate a bloom (except for feature in lower right of September 22, see téxgabd
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Fig. 5. Cell counts during cruise, September 19-26, 2001; compare to lower imaggs #h Symbols denote blooms (same terminology
asFig. 3).

These and otheK. brevis blooms were monitored a week or more. With commercial and recreational
using the anomaly fields starting in late 2000. How- shellfish habitat and public access beaches covering
ever, two false alerts (July 2001; August 2002) have an extensive coastline, methods to predict transport of
been made for diatom blooms occurring near Naples HABs along the coast are essential.
and Sanibel. Once these blooms were identified as di- Based on the assumption that th&sérevisblooms

atoms they were tracked appropriately. are maintained within the surface layers near the coast,
a rudimentary analyses of bloom transport (type 3) is
3.3. Transport possible using surface wind dafester et al. (1991)

used estimated wind drift to show transporkobrevis
Determining transport of a bloom (type 3) is needed along the coasts of North and South Carolina. Using

not only for forecasting future locations of blooms, the same analysis procedure for win@sjlver et al.
but also for projecting the current location. Typically, (2000) have shown that the blooms travel westward
cloud cover and view angle limit the usable satellite along the northern Gulf coast (Florida Panhandle, Al-
images to one or two per week. Field data collection abama, Mississippi) at about 7% of the along-shore
for verification also has constraints on timeliness: sam- wind speed. The westward transport of the bloom is
pling (which requires specific materials and access), consistent with prevailing coastal currents during this
shipping, and laboratory analysis can together take time of year. With the general north—south orientation
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of the southwest Florida coastline, southerly winds Florida in September 2000, fully developed blooms
favor northward transport at the coast, and northerly appeared at the coast with no evidence of offshore
winds should favor southerly transport. presence in the satellite imagery. The satellite can de-
In 2001, prediction of HAB transport was first tect features to one optical depth (the inverse of the
provided to Florida resource managers. Until August diffuse attenuation coefficient), which is less than 10 m
30, northerly winds of 1-3mg prevailed, leading on the Florida shelf. Thus, a bloom within the upper
to the movement of the bloom south and offshore of 5-10m of water should appear as a patch of elevated
Sanibel. A reversal of winds occurred on August 30. chlorophyll concentration, so that it should be visible
The southerly winds of 1-3nT$ between August in the satellite imagenMillie et al. (1995) however,
30 and September 3 led to northward transport of a reported thaK. brevis cannot be grown in the lab at
bloom from Sanibel region about 50 km towards Sara- greater than 220E m—2s~1, which is much less than
sota Fig. 4). When Tropical Storm Gabrielle passed the maximum light available at the ocean surface at
through southwest Florida, she generated strong noon (1000-2000.E m—2s-1). The implication of the
southerly winds prior to landfall near Venice. After- light preferences and the satellite observations is that
wards, the bloom extended northward from Sarasota the blooms begin at depth on the shelf.
to north of Tampa Bay. On the northwest coast, the  Stumpf et al. (1998showed a correlation oK.
2001 bloom was estimated to move west along the brevis occurrence at the west coast of Florida with
entire Florida Panhandle to near the Alabama border. upwelling-favorable windsKig. 6). The blooms usu-
Cells were found in far western Florida and coastal ally start in late summer (cfTester and Steidinger,
Alabama at the predicted time, although at very low 1997 when a season of upwelling-favorable winds be-

concentrations (3 cells mh). gins, and dissipate in winter as the upwelling season
ends. This association of blooms and winds is con-
3.4. Prediction of landfall sistent with the development &. brevis blooms at

depth and subsequent transport to the shore by onshore

The ultimate goal of forecasting is prediction of bottom flow (i and Weisberg, 1999produced by
landfall (type 4) so that management agencies can an-upwelling-favorable winds. This hypothesis provides
ticipate sampling. Satellite imagery was considered a basis for predicting the initial appearance of a bloom
ideal for this purpose. AK. brevis has been con-  at the coast, and the likelihood of re-intensification of
sidered positively phototacti¢igil, 198§ and CZCS a bloom.
imagery from 1978 showed an extraordinarily large  Several conditions must be met to predict landfall
bloom (seeSteidinger and Haddad, 1981t has gen- using this hypothesis.
erally been thought that satellite remote sensing would
detect blooms offshore as they developed, allowing for 1. A HAB must be present offshore (s@ester and
prediction of landfall. However, in northwest Florida Steidinger, 1997; Walsh and Steidinger, 20
in August 1999 and September 2000, and southwest theories on offshore initiation).

' N !
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T

Fig. 6. The frequency oK. brevis blooms from Tampa to Naples (bars) compared with the monthly mean wind direction (arrows showing
direction toward which winds is blowing) at Tampa, FL, from 1960 to 1998 (é&8tempf et al., 1998
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2. The bloom must have developed without dispersal,

so winds should have been mild prior to the up-
welling event; particularly no strong downwelling
winds.

3. Upwelling-favorable winds must occur after a
bloom has developed offshore, for southwest
Florida, these winds would be easterly to north-
easterly.

157

the PanhandleQilbes et al., 1996 This bloom may
occasionally be identified as a chlorophyll anomaly;
but the HABs rarely start in those months. The em-
bayment between Naples and Key West (including
Florida Bay) has tannin-rich water, and late-summer
non-HAB blooms that may be confused wih bre-

vis. Similarly, the Big Bend of FloridaKig. 1) receives
tannin-rich rivers that drain coastal swamps. Both of
these areas rarely have HABS, but the discolored water

In September 2000, these conditions were met. Cell in the river plumes may falsely indicate a HAB. HAB

counts of up to 70 mit were detected 20 km offshore

indications in these areas of highly discolored water

of Sarasota in early September. Winds had been gen-should be generally ignored. Similarly, the algorithm

erally calm, and the forecast at the end of Septem-

ber called for north to northeasterly winds at 15 knots
(7.7ms1). This led to an advisory on September 26
for the state of Florida to watch for a bloom at the
coast within the first days of October. By October 4,
cell counts of up to 700 mi were measured from
Venice to Tampa Bay. In 2001, similar conditions ap-
plied prior to the first HAB at the coast. Significantly,
two major intensifications of the bloom occurred in
2001, each during upwelling-favorable winds.

4, Discussion

would be invalid on the Louisiana and Alabama coasts
owing to high river inflow, but it may apply to central
and south Texas. The challenge is to correctly identify
HABs on the edges of these areas. For example, the
area between the Florida Panhandle and Big Bend was
flagged for a HAB in October 2001, but the flag was
discounted as potentially faulty. However, it wa&a
brevis bloom and if it had been correctly identified,
could have provided some assistance in responding to
a rare and costly HAB that entered the coastal bays
(Apalachicola Bay) during the peak of oyster-harvest
season.

Forecasting transport or prediction requires a bet-
ter understanding of the behavior¥f brevis, as well

The use of imagery and winds has had several suc-as the local seasonal circulation patterns. Initiation
cesses in finding, monitoring, and predicting transport conditions are still poorly known; questions exist on

and landfall ofK. brevis blooms. However, the success

nutrient sourcesliigle and Martin, 1971; Walsh and

of the system depends on the extensive knowledge Steidinger, 200% and we lack a reliable means of
of the ecology of the species and the oceanographic monitoring the subsurface water column on the shelf.
processes in the area. The use of the climatological Upwelling-favorable winds are an insufficient condi-

anomaly image to identify potential HAB areas is
effective because of the habitat requirementskof
brevis. The organism inhabits oligotrophic water and
low-chlorophyll water of the Florida shelfGilbes

et al., 1999, prefers higher salinity water for initia-
tion, and generally blooms in the late summer and fall
when there is less competition from other phytoplank-
ton species. The other primary bloom-forming organ-
ism during late summer on this coa$tjchodesmium
spp. Walsh and Steidinger, 20p1can be detected
from satellite due to high backscatte3ubramaniam
and Carpenter, 1994

tion to predict the occurrence & brevis blooms. On
the southwest Florida coast, the blooms tend to recur
each year, so there is a high likelihood of defining the
additional conditions that initiate the blooms offshore.
K. brevis blooms along the northwest Florida coast
are less frequent. These blooms may be due to Loop
Current intrusions pushing water massses that Kold
brevis further north. Also, understanding the demise
of K. brevis blooms will aid in correctly monitoring
them.

Information gained from imagery and other data
sources has been provided to federal, state, and local

There are areas and times of the year when the use ofgovernments in the form of a near real-time bulletin

the anomaly is inappropriate and ineffective at detect-

ing K. brevis. The Florida mid-shelf often has a signif-
icant spring diatom bloom extending southward from

that integrates the information sources and four types
of forecasts into a single formaFig. 7). These bul-
letins are provided frequently (once or twice a week)
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Experimental Gulf of Mexico
Harmful Algal Bloom Bulletin
18 September 2002 - o § Sl
National Ocean Service/NCCOS and CSC il L 7 oot e
NESDIS/CoastWatch and NDBC | »
Last bulletin: September 5, 2002

Analysis

Elevated chlorophy!l in Panhandle and Big Bend. This should be
monitored for persistence. In SW Florida, potential areas of HAB are
near Tampa Bay and near Charlotte Harbor. Residual summer blooms of
other material are present in the 10,000 Islands area.

--Stumpf E

Crlorophyl Cancartration. OC4 Algeritim
mym?

Chlorophyll concentration (above) and possible HAB areas shown in red (inset). Cell concentration sampling
data from September 12, 2002 shown as red squares (high), red triangles (medium), red circles (low), orange
circles (very low b), yellow circles (very low a), green circles (present), and black "X" (not present).

Wind conditions from Cape San Blas

—
T
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E
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w
Please note the following restrictions on all SeaWiFs imagery derived =
from CoastWatch. = 10
1. These data are restricted to civil marine applications only; i.e. federal, g Aug08 Aug13 Aug18 Aug23 Aug28 Sep02 Sep07 Sep12 Sepi7

state, and local government use/distribution is permitted . r
3. Distibation for miliary, inEammationl, o eofmereial pusgioees i NG Wind speed and dircction are averaged over 12 hours from measurements made on NOAA
permitted buoys. Length of line indicates speed; angle indicates direction. Red indicates that the wind

3. There are restrictions on Intemet/Web/public posting of these data direction favors upwelling near the coast.

4. Image products may be published in newspapers. Any other publishing
arrangements must receive Orblmage approval via the CoastWatch Tropical Storm Hanna made landfall late Sep 14 causing high winds along the Florida Panhandle. The
Program extensive resuspension is partly responsible for the high chlorophyll. E

Fig. 7. An example bulletin distributed state managers around the Gulf of Mexico. The bulletin includes the chlorophyll image for the Gulf
of Mexico (A), with available cell count data superimposed (right of B), one or more anomaly images for an area of particular concern
(C), the wind vectors for the preceding 2 weeks (D), and an analysis of the imagery and winds (E).

as portable document format (PDF) files during the toring strategies foK. brevis events in Florida. The
initiation of a bloom with updates during significant state uses the information to aid in planning deploy-
movements or events. This effort will incorporate more ments of employees and volunteers. Careful analysis
sophisticated products and models, thereby improving of the products has helped limit inappropriate inter-
the timeliness and reducing the interpretation required pretation, and false alerts have occurred about once
by the users. In addition, the algorithms and methods per season. The bulletins are distributed to agencies
will be examined for applicability to the western Gulf and individuals in all the Gulf states thereby provid-
of Mexico. The information provided in the bulletins ing some additional information to guide monitoring
depends on routine ocean and weather observing sys-efforts. The integrated information allows the state
tems that are available in the Gulf of Mexico. How- to better anticipate HABs and focus their sampling
ever, while interpretation of the datasets will probably efforts on threatened shellfish-harvesting areas. Ad-
always require an analyst, improvements in the prod- vance notice will prepare state and local agencies for
ucts and models will simplify the training and exper- the many management responsibilities that accompany
tise required. HAB events, including cleanup of dead fish and de-
The capability to provide synoptic information to  bris from the beaches, providing accurate public advi-
the management community has changed the moni- sories to reduce the economic impacts, and protection
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of marine mammals including endangered manatees.

Advance notice will allow more options in managing
these events.
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