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[11 We have combined a circulation model with one of
colored dissolved organic matter (CDOM) photolysis to
describe the fate of terrestrial CDOM on the West Florida
shelf (WFS). Our results for summer 1998 suggest that a
near shore plume of CDOM became entrained in a coastal jet
extending south from the Suwannee River (Big Bend) region
of the WFS towards the Florida Keys—a feature also evident
in satellite ocean color imagery. The coupled models suggest
that photochemical losses of CDOM were significant, but
provided only a minimal nitrogen source for phytoplankton
growth on the WEFS. INDEX TERMS: 4219 Oceanography:
General: Continental shelf processes; 4852 Oceanography:
Biological and Chemical: Photochemistry; 4255 Oceanography:
General: Numerical modeling; 4847 Oceanography: Biological and
Chemical: Optics. Citation: Jolliff, J. K., et al., Dispersal of the
Suwannee River plume over the West Florida shelf: Simulation
and observation of the optical and biochemical consequences of a
flushing event, Geophys. Res. Lett., 30(13), 1709, doi:10.1029/
2003GL016964, 2003.

1. Introduction

[2] On the west coast of Florida, ~25 river and estuary
systems discharge terrestrially derived colored dissolved
organic matter (CDOM) to the shelf. Eastward advection
of colored effluent from rivers west of the Apalachicola
River has also been observed [Muller-Karger et al., 1991;
Del Castillo et al., 2001]. Accordingly, Gilbes et al. [1996]
attempted to correlate the radiance signal remotely sensed
by the Coastal Zone Color Scanner, a signal often contami-
nated in coastal regions by CDOM [Hochman et al., 1995],
with river discharge data. Over the WFS, however, no
obvious correlation between river discharge and ocean color
variability could be inferred without further consideration of
the time-dependent variability of the sinks and dispersal
mechanisms of terrestrial CDOM discharged into the coastal
ocean.

[3] We have analyzed these processes with a coupled
physical-photochemical model of the dispersal and photoly-
sis of terrestrial CDOM on the WFS from the perspective of
possible CDOM sources of new nitrogen for algal growth.
We have compared our model results with sea-viewing wide
field-of-view (SeaWiFS) satellite imagery, in sifu bio-opti-
cal measurements, and laboratory studies of phytoplankton
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uptake of terrestrial CDOM (i.e., humic and fulvic acids).
We infer from our time-dependent simulations that a sig-
nificant optical feature of June 1998, a plume of ocean color
extending south from the Florida peninsula to the Florida
Keys, was due to the entrainment of Suwannee River
effluent in the surface Ekman layer during upwelling
favorable wind events. Our model results provide an esti-
mate of the optical and photochemical processes that
occurred within the Suwannee River plume during this time
period. The additional consistency between our modeled
photochemical yield of nitrogen and our culture work
suggests that CDOM provides, at most, ~5% of the daily
nitrogen demand for phytoplankton growth.

2. Methods
2.1. Physical and Photochemical Models

[4] A regional adaptation of a primitive equation ocean
model [Blumberg and Mellor, 1987], forced by the National
Center for Environmental Prediction’s reanalysis wind
product, surface heat flux fields, and lateral inputs of buoy-
ancy at the coast [He and Weisberg, 2002, 2003; Weisberg
and He, 2003], provided daily flow fields (u, v, w) and the
vertical mixing coefficient (Kz) over an orthogonal, curvi-
linear grid (Figure 1) for the solution of:
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where the carbon and nitrogen components of terrestrial
CDOM were a constant CDOC/CDON ratio of 40 [Ertel et
al., 1986].

[s] A photolysis submodel served as the last term in
equation (1), following the equations of Zepp and Cline
[1977]. Spectral (290—400 nm) incident ultraviolet (UV)
radiation was simulated as a function of stratospheric ozone
layer thickness, location, day-of-year, and time-of-day
[Baker et al., 1980; Green et al., 1980]. A spectrally neutral
reduction factor of 15% was used to account for clouds.
Water column scattering in the UV wavelengths was ig-
nored, simplifying the solution for the depth attenuation of
downwelling UV irradiance to an iterative solution of the
Lambert-Beer law. Spectral quantum yield values for the
production of dissolved inorganic carbon, biologically labile
photoproducts, and refractory bleached organic carbon were
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Figure 1. The model domain (black dots) and the cruise
track for NEGOM 4, 12—-25 November 98, is overlaid in
colors corresponding to (a) the along track underway
CDOM absorption measurements at 443 nm (calibrated
from underway fluorescence measurements using discrete
station CDOM absorption/fluorescence relationships, [Hu et
al., 2003]) and (b) the corresponding model results for
surface CDOM absorption at 443 nm.

obtained from the literature [Amon and Benner, 1996;
Miller and Moran, 1997; Miller et al., 2002b].

2.2. Boundary Conditions and Validation Data

[6] A freshwater CDOM boundary condition for simu-
lated year 1998 was established for 32 rivers encompassed
by the model domain from (a) U.S.G.S. streamflow data
(m® s7") and (b) spectrophotometric CDOM absorption
measurements (m ') both collected by us and supplemented
with literature values [Zepp and Schlotzhauer, 1981; Clark
et al., 2002; Miller et al., 2002a]. These 32 CDOM absorp-
tion measurements at zero salinity were then divided by a
mean mass specific absorption (at 443 nm) for CDOC of
6.4 m* mol ™' [Zepp and Schlotzhauer, 1981] and multiplied
by (a) to determine the mass flux (mol s ") of CDOC along
the coasts. This flux was superimposed upon a constant
background marine CDOM signal (0.015 m ' at 443 nm).

[7] Other in situ CDOM absorption data over the north-
eastern Gulf of Mexico during November 1998 (Figure 1)
provided validation data [Hu et al., 2003]. Uptake rates of
terrestrial CDOM (the nitrogen content of humic and fulvic
acids from the Suwannee and Peace Rivers) obtained from
laboratory cultures of diatoms, cyanophytes, chlorophytes,
and the toxic dinoflagellate Karenia brevis provided a
comparison for our model calculated photoproduction rates
of labile nitrogen species, i.e. the photoproduction of
inorganic nitrogen and biologically labile photoproducts
from refractory humic substances. Finally, SeaWiFS obser-
vations processed with the OC4 algorithm [O Reilly et al.,
1998] provided a qualitative comparison between our model
calculated surface distribution of CDOM and regional
patterns of ocean color.

3. Results
3.1. Northwest WFS

[8] The model results for 22 November 1998 (Figure 1b)
mimic the in situ surface CDOM absorption measurements
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(Figure 1a). The overall magnitude (maximum values
~0.2-0.4 m~"' at 443 nm) and position of the modeled
peaks agree well with the observations. The model under-
estimates the CDOM absorption peaks between the Mobile
and Apalachicola Rivers (red region of Figure 1). This
discrepancy may be due to the sensitivity of the model to
spectral quantum yield values assigned, as discussed
below.

3.2. Suwannee River Plume

[9] The summer 1998 model result depicts a plume of
CDOM extending south from the Big Bend region towards
the Florida Keys (Figure 2). We provide a supplementary
animation of the model result' that shows the southward
advection of this CDOM plume during June 1998. A
similar pattern is seen in SeaWiFS ocean color imagery.
A time series of normalized SeaWiFS chlorophyll-a values
and the normalized modeled surface CDOM absorption
values peak at 27.7°N, 83.2°W on 5-7 June, peak again at
27.0°N, 83.0°W on 15-17 June, and subsequently peak
again 80 km further south (Figure 2). Thus, the model
suggests that some of the variability observed in SeaWiFS
ocean color at these locations is due to terrestrial CDOM.
Furthermore, analysis of the 32 modeled river sources,
performed by removing different river effluents in other
simulation runs, confirms that the source of the modeled
terrestrial CDOM at these locations was the Suwannee
River.

[10] In the model and composite SeaWiFS imagery, a
plume of color traverses the length of the WFS from the Big
Bend region south towards Charlotte Harbor, and is then
flushed off-shelf past the Florida Keys. The modeled optical
consequences of the Suwannee River plume’s ~400 km
southward journey to the Florida Keys—a flushing event—
are shown in Figure 3. The increased CDOM absorption
values found within the plume (Figure 3a) significantly
attenuate UV-B irradiance (280—320 nm), a spectral range
potentially harmful to the biota (Figure 3b). Downwelling
UV-B irradiance within the path of the plume at 27.0°N is
150 pW cm 2 the first week of June, and then reduced by
70% two weeks later as the Suwannee River plume is
advected through that location (Figure 3b).

[11] The biochemical consequences of the Suwannee
River plume’s southward dispersal are assessed by calcu-
lating the maximum amount of nitrogen potentially made
available to phytoplankton via photochemical CDOM deg-
radation. The maximum photochemical yield of inorganic
nitrogen [Bushaw et al., 1996], as well as labile organic
nitrogen from biologically labile photoproducts [Miller et
al., 2002b], is ~250 pmol N m~2 d~! near the mouth of the
Suwannee River and ~150—200 pmol N m~2 d~! within
the plume as it is advected south (Figure 3c). Sensitivity
analysis shows this photochemical N yield not to be
significantly impacted by the probable range of CDOC
mass specific absorptions we calculated from our river
CDOM absorption and DOC concentration observations
(~3-12 m® mol~" at 443 nm for a CDOC/DOC ratio of
1.0-0.15). In contrast, halving and doubling the spectral

! Auxiliary material may be found at ftp:/ftp.agu.org/apend/gl/
2003GL016964.
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Figure 2. The average surface CDOM absorption over the
WES for the period 1 June 98—17 July 98 shows the
southward dispersal of the Suwannee River plume. At right,
a time series (5 May 98-29 July 98) for locations along a
transect through the river plume shows the variability in the
modeled surface CDOM normalized by the highest value
modeled for that location during the time period (red).
Similarly, 7-day composite SeaWiFS chlorophyll-a values
for the corresponding pixel locations are presented (black)
as values normalized by the highest value observed during
that time period. Values were interpolated when cloud cover
obscured retrieval.

quantum yield values we obtained from the literature halves
and doubles the maximum photochemical nitrogen yield
near the Suwannee River’s mouth (125-500 pmol N m 2
d™'; Figure 3c). Nevertheless, the spectral quantum yield
values used for this study were some of the highest reported
in the literature [Miller et al., 2002b], such that we regard
the maximum photochemical nitrogen yield from the base-
line model run as a reasonable estimate.

4. Discussion
4.1. Physical Setting

[12] Persistent southward and offshore currents charac-
terized the surface flow of the WFS in summer 1998 as a
consequence of upwelling favorable wind events, the sea-
sonal succession of the baroclinic circulation, and remote
Loop Current influence [Weisberg and He, 2003]. The
coupled models suggest that the Suwannee River plume
became entrained in the surface Ekman layer due to a
combination of upwelling favorable wind events and strong
thermal stratification. The river plume’s trajectory within
this frictional boundary layer was then significantly modi-
fied by the WFS geometry.

[13] In the north, the convex curvature of the Big Bend
coastline and the southeast/northwest orientation of isobaths
further offshore set up an area of convergent southward
flow east of Tampa Bay. In the south, the partial closure of
the southern boundary by the Florida Keys set up an adverse
pressure gradient, causing the surface flow to diverge from
the coast in the vicinity of Charlotte Harbor [ Weisberg et al.,
2000]. As a consequence, previous surface drifters tended to
avoid the Florida Bay region southeast of Charlotte Harbor,
the Forbidden Zone [Yang et al, 1999]. Similarly, the
decaying CDOM in our simulation (Figure 2) followed
the surface flow fields as they diverged from the coast near
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Charlotte Harbor, and was subsequently flushed off-shelf
past the Florida Keys.

4.2. Photochemical Yield

[14] Our simulated photochemical rates indicated that
58.5% of the CDOM added from the coastline was ulti-
mately lost to photolysis on the WFS. This finding is
consistent with the assertion of Hedges et al. [1997] that
at least 50% of terrestrial dissolved organic matter dis-
charged to the continental margins must be completely
remineralized before export to the open ocean. The maxi-
mum nitrogen yield resulting from this photochemical
carbon sink, a potential source of nitrogen for phyto-
plankton growth, is ~250 pmol N m~2 d~', while the
maximum reported primary production in the Big Bend
region is ~0.44 gC m 2 d~' [Lohrenz et al., 1999]. This
suggests that photochemical nitrogen yield can, at most,
support ~5% of the nitrogen demand of primary production.

[15] This model finding is supported by our continuing
culture work with K. brevis, which consumed 100-fold more
humic and fulvic acids—on a per cell basis—than the
diatoms of similar size. Yet, a red tide of 10 pg chl 17
(1 X 10° cells 1"') would have a maximum nitrogen uptake
rate of only 0.034 pM N d~' from humic substances (i.e.,
3.5% of their daily nitrogen demand). Our simulated max-
imal photolysis yield of 0.05 pM N d~' within the upper
5 meters of the Suwannee River plume suggests that only
the nitrogen in humic substances that undergoes photo-
chemical change is made available to K. brevis.

[16] Thus, photolysis of terrestrial CDOM (composed
largely of humic substances), while important in determining
its shelf-wide distribution and optical impact, falls far short
of the nitrogen requirements of K. brevis, let alone those of
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Figure 3. Model results along the transect shown in Figure
2 are given as a 7-day average for 1 June—7 June 98 (Left)
and 16 June—22 June 98 (Right). Surface CDOM absorption
at 443 nm (a), the 1600 UTC downwelling UV-B irradiance
(280—320 nm) at 5 meters below the surface (b), and the
depth integrated photochemical yield of labile nitrogen
(c) are shown for the base model run (solid black line), half
the spectral quantum yield values (solid blue line), double the
spectral quantum yield values (dashed blue line), half the
443 nm CDOC mass specific absorption (3.18 m* mol™';
solid red line), and twice the mass specific absorption
(12.72 m?* mol'; dashed red line).
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diatoms, chlorophytes, and cyanophytes. Since slope water
intrusions are also not a sufficient nitrogen source for
K. brevis populations [Walsh et al., 2003], nitrogen fixation
[Walsh and Steidenger, 2001] continues to be invoked as the
trigger mechanism for the onset of WFS red tides.
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