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On the dispersal of riverine colored dissolved organic matter over the
West Florida Shelf

Abstract—We investigated the optical properties of surface
water in areas of the West Florida Shelf influenced by riverine
discharge and by the occurrence of a phytoplankion plume.
Results of absorption and fluorescence spectroscopy analyses
and determunation of dissolved organic carbon (DOC) concen-
tration showed that the injection of riverine colored dissolved
organic matter (CDOM) strongly affected the optical propei-
ties and DOC concentrations over the shelf. Riverborne nutri-
ents contributed to an increase in primary productivity. How-
ever, during the study period, the increase in primary
productivity did not result in the production of significant
amounts of CDOM.

Fluorescence spectroscopy results showed that optical prop-

erties of riverine CDOM were lost close to the mouth of the
rivers. A simple mathematical model describing mixing be-
tween riverine and marine end-members demonstrated that
most of the observed changes in optical properties of CDOM
along salinity gradients can be explained by mixing. Labora-
fory mixing experiments between riverine water and seawater
indicated that flocculation of organic matter during estuarine
mixing did not affect the optical properties of CDOM.

Remote-sensing studies of the Gulf of Mexico using his-
torical data from the Coastal Zone Color Scanner show a
recurrent, seasonal chlorophyll bloom over the West Florida
Shelf (WFS) every year between February and May (Gilbes
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et al. 1996). This bloom, which is different from the Guif
of Mexico winter—spring bloom (Miiller-Karger et al. 1991),
usually forms off Cape San Blas and extends as far south as
the Florida Keys. Local rivers have their maximum dis-
charge during spring (Gilbes et al. 1996) and their waters
are transported offshore, leading to the formation of low-
salinity plumes over the middle and outer shelf region. Riv-
erine discharge represents a significant source of nutrients,
which are likely responsible for the phytoplankton bloom.
The presence of a high-productivity bloom in the WEFS sig-
nificantly affects the carbon budget in the region. A better
understanding of the processes involved in the bloom dy-
namics will increase our knowledge about carbon cycling
and improve our ability to interpret satellite ocean-color
data.

Several studies recognize differences between the optical
properties of organic matter from marine and riverine origin,
as well as the complexity and importance of these com-
pounds to the optical properties of the water column (Bri-
caud et al. 1981; More! 1988; Carder et al. 1989). Remote
sensing imagery has become an important tool in the study
of the global carbon cycle; therefore, it is essential to un-
derstand how changes in concentration and optical properties
of CDOM can affect the interpretation of remote sensing
data. Several factors confound the study of CDOM in coastal
regions affected by river discharge. First, river input can
show strong seasonal changes introducing large variability
in the CDOM concentration and optical properties. Second,
several rivers may discharge into the same region, each con-
tributing different amounts of CDOM with potentially dif-
ferent optical properties (Cabaniss and Shuman 1987; Coble
1996; Battin 1998). Third, river plumes also carry nutrients,
which may stimulate the production of new CDOM formed
as a result of biological activity.

The WES is an excellent area to study the effects of river
discharge in coastal regions. The shelf is wide, with the 30-
and 100-fathom isobaths extending to ~60 and ~120 nau-
tical miles offshore, respectively. Surface water from the
Gulf of Mexico is high in salinity and low in CDOM, con-
stituting a typical marine end-member. Important sources of
fresh water are provided by several rivers such as the Mo-
bile, Apalachicola, Suwannee, Manatee, Peace, and Caloos-
ahatchee, as well as by other small rivers.

Two main processes are expected to produce changes in
the optical properties of riverine CDOM along river plumes:
mixing with seawater and photodegradation. In addition to
decreasing CDOM fluorescence intensity, both processes
also result in hypsochromic (blue) shifts in the excitation—
emission maximum (Ex/Em,,.). During mixing between riv-
er and seawater, the high concentration of flucrescent ma-
terial associated with riverine discharge masks the optical
signal from the marine end-member. As a result, changes in
optical properties are usually negligible at salinities below
~30 (Coble 1996; Blough et al. 1993; De Souza Sierra et
al. 1997; Del Castillo et al. 1999). When the relative pro-
portions of riverine and marine CDOM become similar, the
optical signature of the marine end-member begins to dom-

Notes

inate, and fast changes in optical properties along the salinity
gradient are observed. The salinity at which the sudden hyp-
sochromic shift is observed, the inflection point, will depend
mostly on the concentration of fluorescent material in the
riverine end-member. Consequently, it should be observed
at higher salinities for rivers with the highest CDOM con-
centrations.

Several works present evidence showing that flocculation
removes organic carbon during estuarine mixing (e.g., Eckert
and Sholkovitz 1976; Sholkovitz 1976; Sholkovitz et al.
1978). De Souza Sierra et al. (1997) recently documented a
slight hypsochromic shift in the fluorescence emission max-
imum in the Gironde Estuary along a salinity gradient be-
tween O and ~32 that was attributed to preferential floccu-
lation of high-molecular-weight CDOM during estuarine
mixing. Although other researchers have shown conservative
behavior of organic carbon in estuaries (e.g., Laane 1981;
Mantoura and Woodward 1983), the effect of flocculation
upon the optical properties of CDOM has not been suffi-
ciently investigated and remains unciear.

In this manuscript we address two questions: First, can we
detect changes in concentration of CDOM associated with
primary productivity (PP) induced by river plumes? Second,
what is the geographical extension of the riverine optical
signature and what are the processes controlling the changes
in optical properties of CDOM along the river plumes? To
answer these questions, we relied on DOC, PP, chiorophyll,
and spectroscopic analyses coupled with laboratory experi-
ments and models describing mixing between riverine and
marine CDOM.

Methods—Water samples were collected on board the RV
Suncoaster at selected stations in the WFS during March
1995 (Fig. 1). All discrete samples for DOC and optical
analyses were collected at a depth of ~1 m using Teflon-
coated Go-Flo bottles. Samples were filtered through pre-
combusted (12 h at 450°C) GF/F filters mounted in a stain-
less steel in-line filtration system. This filtration apparatus
was connected to the nipple of the Go-Flo bottles, and the
filtrate drained by gravity directly into the sample bottles
{amber-colored glass, precombusted at 500°C for 12 h), lim-
iting the exposure of the sample to the atmosphere and light.
Procedural blanks performed using Milli-Q water showed
that this filtration method does not add detectable amounts
of DOC. The samples were kept frozen until the time of
analysis (within 3 months). Salinity and temperature were
recorded underway using a thermosalinograph. Chlorophyll
was continuously measured on a Turner model 10-AU fluo-
rometer. Samples for the calibration of the chlorophyil fluo-
rometer were collected at each station. Chlorophyll concen-
trations were obtained in the laboratory using the
fluorometric method described by Yentsh and Menzel
(1963). PP was calculated by "“C-uptake experiments follow-
ing the method described by Harding et al. (1986).

Concentrations of DOC were determined by thermal ca-
talysis in a Shimadzu TOC-5000 instrument equipped with
a plafinized quartz catalyst. The samples were acidified to
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Fig. 1. Station position and cruise track of the RV Suncoaster. Contours of chlorophyll con-

centration were generated from fluorescence data collected underway and are presented to show

areas of high-chlorophyll concentration.

pH <2 with 12 N HCI and sparged for 10 min with CO,-
free artificial air immediately before analysis. The concen-
trations of DOC were determined against a four-point stan-
dard dilution of glucose. The instrument blank was
determined using proprietary methods for the Shimadzu
TOC-5000. Its value was equivalent to ~7% of the signal
produced by 80 uM standard, and it was subtracted from all
samples. To ascertain the stability of the instrument, we per-
formed one-point calibration checks randomly between the
samples. Precision between replicates (n = 3) was better
than 5%.

Absorption spectra of filtered samples were obtained be-
tween 250 and 700 nm at 1-nm intervals using a Hitachi U-
3300 double-beam spectrophotometer equipped with match-
ing 10-cm quartz cells. Milli-Q water was used in the
reference cell. Data were corrected for scattering and base-
line drift by subtracting from each spectrum the value of
absorption at 700 nm (Bricaud et al. 1981). The accuracy
and stability of the instrument were determined before each
sample set using the instrument proprietary performance
tests. The validity of these tests was later confirmed using
National Institute of Standards and Technology-calibrated
transmission filters. The absorption coefficients, a, were cal-
culated using: a(A) = 2.303A(A)/r, where A is the absorbance
(log,, 1/I) and r is the path length in meters. The value of
a at 412 nm was used as an index of CDOM abundance,
but values at other wavelengths (375, 412, and 440 nm) are
also provided to ease comparison with other works.

Fluorescence spectroscopy was performed using a SPEX
Fluorolog II fluorescence spectrophotometer running in ratio
mode with a bandpass of 5 nm. Three-dimensional excita-

tion—emission matrices (EEMs) were created by measuring
the emission spectra from 270 to 710 nm at 40 separate
excitation wavelengths ranging between 260 and 455 nm
(Coble et al. 1993; Coble 1996). Data processing and cor-
rections for optical biases of the instrument were performed
according to Coble et al. (1993). The fluorescence intensities
at Ex/Em,_,,, were transformed to equivalents of quinine sul-
fate and expressed in parts per billion (ppb QS). When the
excitation maximum was not well defined, we used the emis-
sion maximum at excitation 310 nm. The EEMs were used
to characterize the fluorescent organic matter using the po-
sition of the Ex/Em,,,, according to Coble (1996).

Modeling—Optical properties of CDOM were modeled in
two ways: Model I: To better understand the effect of mixing
between river and seawater upon the optical properties of
CDOM, we created mixing models on the basis of four pairs
of end-members from the WFS. Each model consisted of
water mixtures with 12 representative salinities obtained by
adding the weighted EEMs of the end-members using Ga-
lactic Grams software. The weighting factor was the pro-
portion of each end-member needed to produce a mixture
with a particular salinity. The end-member pairs used were:
MR1 versus DC2, MR1 versus AR3, AR1 versus AR3, and
Manatee River versus Gulf of Mexico water collected at
26°.05', 83°.02" (Fig. 1).

Model II: To ascertain if flocculation effects should be
considered in our mixing models, we performed an experi-
ment similar to that of De Souza Sierra et al. (1997), in
which results from laboratory mixtures between river and
seawater were compared with results from modeled mix-
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tures. If the effects of flocculation were negligible, results
between the laboratory and modeled mixtures should be sim-
ilar. Two river-seawater pairs were used: Hillsborough River
(Florida) versus seawater collected in the eastern Caribbean
Sea (sal = 35), and Peace River (Florida) versus seawater
from the Yucatdn Strait (sal = 36). The river samples were
first diluted with Milli-Q water to avoid self-shading during
the fluorescence analysis and then mixed with seawater to
obtain samples with different salinities. For the first pair, we
created eight laboratory mixtures with salinities between O
and 35. For the second one, we were interested in observing
the effects of mixing river water with a high-salinity, low-
CDOM end-member (fluorescence of Yucatdn water in the
visible is <1 ppb). We created 10 mixtures with salinities
between 0 and 30, but in this case the increments in salinity
between O and 6 were small to better observe possible
changes in fluorescence at that early stage of mixing. All
mixtures were stirred and allowed to stand in the dark for
~24 hours before analysis by fluorescence spectroscopy.
The modeled mixtures equivalent to the laboratory mixtures
were created as described above.

Two main factors made the conditions in our laboratory
mixing experiment different from real mixing in an estuary.
First, as noted by De Souza Sierra et al. (1997), the exper-
iments were done with filtered samples, removing sediments
and suspended material that could be involved in the floc-
culation and adsorption process (Preston and Riley 1982).
Second, the river end-members were diluted to avoid self-
shading during the fluorescence analysis.

Filtering may introduce deviations from the natural mix-
ing processes found in rivers with high-sediment loads (e.g.,
Mississippi, Mobile, Manatee, and Amazon rivers), but it
should approximate conditions found in rivers with low sed-
iment loads (e.g., Orinoco, Suwannee, Hillsborough, and
Peace Rivers). Moreover, early experiments performed using
filtered river water (Sholkovitz 1976; Sholkovitz et al. 1978)
dismissed the importance of particulate material and showed
that the flocculation observed in filtered samples was rep-
resentative of in situ processes.

Predilution of a river end-member with Milli-Q water
should not preclude flocculation because this phenomenon
is caused by electrolytic interactions between negatively
charged functionalities in humic acids and cations in sea-
water (Eckert and Sholkovitz 1976). Nevertheless, we per-
formed a series of experiments in an attempt to circumvent
this possible problem. We added NaCl,, to undiluted Peace
River water to create 16 solutions with salinities between 0
and 35 (sal = 0.5, 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 31, 32,
33, 34, and 35). Second, we combined undiluted Peace River
water with Yucatan Strait water (sal = 36) to produce mix-
tures with salinities 15, 20, 25, and 30. At this level of di-
Iution self-shading is not a problem. All mixtures were
stirred and allowed to stand for ~24 h before analysis. Un-
diluted samples were analyzed by fluorescence spectroscopy
before and after filtration through 0.45-pm membrane filters.
Samples with added NaCl,, were then diluted 1/100 in pH
8 phosphate buffer and analyzed before and after filtration.

Finally, Eckert and Sholkovitz (1976) reported that diva-
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Table 1. Temperature, salinity, [DOC], PP, and absorption co-
efficients of CDOM for samples collected in the WES.

Temp-
erature [DOC] a a a
Sta. (°C)  Salinity (uM) PP* (375 nm) (412 am) (440 nm)

ARI1 18.09 31.23 289.2 14.96 0.938 0.506 0.318
AR2 17.77 34.13 206.6 297 0312 0.141 0.083
AR3 19.42 3558 89.1 nat 0.239 0.127 0.080
AR4 19.77 35.55 90.0 na 0.118 0.069 0.048
DC1 20.03 35.70 147.5 278 0.054 0.032% 0.023%
DC2 24.66 36.18 125.8 291 0.106 0.041 0.020%
MR1 1846 27.90 255.0 38.58 2.000 1.115 0.722
MR2 19.92 3046 241.6 13.51 0.566 0.283 0.176
SR1 17.28 3521 191.6 1.20 0.161 0.083 0.057
SR2 17.99 35.89 150.0 1.62 0.132 0.070 0.036%
SR3 19.13 3557 105.8 1.86 0.107 0.059 0.035%
TB1 19.33 34.75 305.0 1.18 0.312 0.136 0.072
TB2§ 18.29 3592 158.3§ 2770 0.142 0.048 0.029%
TB3§ 19.04 36.09 156.6§ 0.71 0.111 0.050 0.033%

*PPmg Cm *ht

1 na, not available.

+ Below the photometrical accuracy of the instrument.

§ Stations TB2 and TB3 showed contamination in the fluorescence signal.

lent cations are most effective flocculating dissolved organic
matter. Trying to induce flocculation to study its effect upon
Em,_,,, we added CaCl,-2H,O,, to undiluted Peace River wa-
ter (0.3 M added Ca) and after ~24 h performed the analyses
as described above.

Results: On the formation of new CDOM—To determine
if algal blooms produced new CDOM in the WFS, we used
direct comparisons between PP, DOC, and CDOM concen-
tration. Results from these analyses are shown in Table 1.
Lacking ocean-color satellite imagery during the time of the
cruise we relied on continuous in vivo fluorescence mea-
surements of chlorophyll to detect the presence of the phy-
toplankton plume in the WFS. High values of chlorophyll
were found in areas south of Cape San Blas (between sta-
tions AR3 and AR4), south of the Mobile River, and north-
west of Tampa Bay. The position of the bloom is depicted
in Figure 1 (details can be found in Gilbes 1996 and Gilbes
et al. pers. comm.). Over the whole data range, PP correlated
with CDOM (r = 0.98). However, this result was strongly
skewed by stations AR1, MR1, and MR2 where coincident
high values of PP and CDOM can be attributed to riverine
discharge. The correlation disappears if these low-salinity
stations are eliminated. Regression analyses also showed
lack of correlation between chlorophyll and CDOM when
the same low-salinity stations were ignored.

The concentrations of DOC ranged from 89 uM (AR3) to
305 uM (TB1). This last value was extremely high; thus we
suspect contamination of the sample. Measurements of DOC
fell within the range of values previously reported for coastal
and shelf areas of the Gulf of Mexico (Fredericks and Sack-
ett 1970; Eadie et al. 1978; Swaine 1996). Our observations
from high-salinity waters over the shelf coincided with Swai-
ne (1996) but were higher than the historical range reported
for oceanic waters in the Gulf of Mexico (Fredericks and
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Sackett 1970; Eadie et al. 1978). These higher values could
result from high PP associated with a shallow shelf and to
residual carbon from the rivers. As with PP, no correlation
was found between DOC and CDOM when the three low-
salinity high-CDOM stations were excluded.

Our results indicated that there was no increase in CDOM
abundance associated with increases in chlorophyll concen-
tration and PP. This lack of coherence between chlorophyll
concentration and CDOM was observed in the Gulf of Mex-
ico by Carder et al. (1989) and elsewhere by Bricaud et al.
(1981). More interestingly, a lack of correlation has also
been observed between DOC and CDOM (Stewart and
Wetzel 1981; Siegel and Michaels 1996). Clearly, elevated
PP did not result in immediate increases in CDOM concen-
tration detectable by our instruments. The obvious conse-
quence is that changes in optical properties of the water col-
umn during an algal bloom, away from riverine input, will
be mostly controlled by the increase in chlorophyll concen-
tration and not by production of new CDOM. Changes in
CDOM concentration are ultimately tied to long-term cycles
in primary production (Bricaud et al. 1981; Carder et al.
1989). In the WES, these processes appear to be longer than
the residence time of waters over the shelf.

On the dispersal of riverine CDOM—Three main fluores-
cence peaks have been observed in marine samples: a humic
peak with Ex, . below 260 nm and Em,,,, around 425 nm
(fluorophore A), and two humic peaks (C and M) that are
classified as terrestrial and marine, respectively (Coble
1996). On the basis of fluorescence analyses from several
water types, Coble et al. (1996) found average values of Ex/
Em,,, = 340/440 nm for riverine waters, 310/412 nm for
intermediate waters (a mixture between riverine and marine
end-members), and 303/404 nm for marine surface waters.
Similar Ex/Em,,, values have been reported for the Arabian
Sea (Coble et al. 1998), and the eastern Caribbean and Ori-
noco River plume (Del Castillo et al. 1999).

The positions and fluorescence intensities of Ex/Em,,,, for
all stations are detailed in Table 2. Figure 2 shows the three-
dimensional and contour plots of EEMs representative of
low- and high-salinity end-members found in this study.
MR1 was the only station with an EEM similar in shape to
riverine EEMs reported elsewhere (Coble 1996). However,
its Ex/Em,, was at 315/428 nm, suggesting that CDOM
composition was intermediate between riverine and marine
end-members. A salinity of 27.9 at this station indicated a
large degree of dilution of the river water. Stations MR2,
ARI, AR2, and TB1 also showed an average Ex/Em,, char-
acteristic of marine transitional waters. Stations AR3, SR1,
SR2, SR3, and SR4 showed Ex/Em,_,, characteristic of ma-
rine shallow waters. This particular water type has its Ex/
Em, at lower wavelengths than that of marine deep waters
(Coble 1996). Stations TB2 and TB3 showed possible con-
tamination in fluorescence and were not classified. Our re-
sults indicate that pure optical properties of riverine CDOM
in the WES were lost close to the coast. In the Mobile region,
where the river influence was most evident, the riverine
CDOM optical properties were already lost at station MR1
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Table 2. Ex/Em,,. maximum fluorescence intensity, and salinity
for samples collected in the WES.

Sta-

tion Salinity Ex/Em,,, (nm) QS (ppb)*
ARI1 31.23 305/434 6.6
AR2 34.13 310/424 2.6
AR3 35.58 285/341 2.0
AR4 35.55 310/414% 1.5
DC1 35.70 300/422 1.9
DC2 36.18 300/382 0.2
MR1 27.90 315/428 14.2
MR2 30.46 305/422 5.7
SR1 35.21 285/344 54
SR2 35.89 305/394 0.8
SR3 35.57 305/402 0.8
TB1 34.75 310/4207% 4.35
TB2 35.92 —% —1
TB3 36.09 —i —f

* Fluorescence intensity at the Ex/Em,,,,.

T Ex/Em,,, is not well defined, so we report the emission maximum at
excitation 310 nm.

I Stas. TB2 and TB3 showed contamination in the signal.

(salinity = 27.9) some 4 nautical miles from the mouth of
Mobile Bay and restricted to the 10-fathom isobath. We did
not detect riverine signals along the Suwannee River tran-
sect.

Changes in optical properties—We observed hypsochro-
mic shifts in fluorescence Em,,, of CDOM similar to those
reported in previous works (Coble et al. 1996; De Souza
Sierra et al. 1997; Del Castillo et al. 1999). To illustrate the
relation between salinity at the Em_,, inflection point and
concentration of CDOM in river end-members, we plotted
emission maximum versus salinity (Fig. 3) for samples col-
lected in Puget Sound (Coble 1996), the Orinoco River
plume (Del Castillo et al. 1999), and WES (this work). The
inflection points were approximately at salinities 26, 32.5,
and 34.5 for Puget Sound, Orinoco, and WES, respectively.
Values for the 0-salinity end-members of Puget Sound (20
ppb) were measured from discrete samples (Coble 1996).
Values from the Orinoco River plume (57 ppb) and WFS
(63 ppb) were estimated from the regression equation of sa-
linity versus fluorescence intensity at the emission maxima
for each individual data set. The salinity at which the in-
flection points occurred correlated with fluorescence inten-
sity for the 0O salinity end-members (r = 0.99, n = 3), that
is, rivers with lowest CDOM concentration will have inflec-
tion points at lowest salinities. Although the WFS data fitted
the trends well, we have recorded fluorescence values higher
than 100 ppb for O-salinity waters from the Apalachicola,
Manatee, Peace, Hillsborough, and Caloosahatchee rivers
(unpublished data); therefore the fluorescence value reported
here should be considered as a low estimate.

Figure 4 shows the emission maximum at excitation 310
nm versus salinity for mixing model results and actual sam-
ples from the WES (Model I). These results showed that
conservative mixing alone could account for the majority of
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Fig. 2. Three-dimensional and contour plots of EEMs from (A) SR2 and (B) MR1, showing
examples of high- and low-salinity end-members found in the WFS.

the observed changes in emission maximum among our sam-
pling stations. Slight deviations from the model may be ex-
plained by procedural problems (e.g., use of incorrect end-
members) or photodegradation. Possible effects of
flocculation are discussed in the following section.
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salinity for samples collected in Puget Sound (Coble 1996), Orinoco
River plume (Del Castillo et al. 1999), and WES (this work). Data
from other rivers (Coble 1996) include the Mississippi, Amazon,
Negro, and Columbia rivers.

Flocculation experiments—The results of the mixing ex-
periment (Model II) performed to determine possible effects
of flocculation (Fig. 5) showed nearly identical behavior of
the optical properties for laboratory and modeled mixtures
although the two river systems behave differenily. The var-
iability in Em_, between modeled and laboratory mixtures
for both experiments was =1 nm, and there were no signif-
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tation 310 nm. The inflection point at salinity ~15 in the Hillsbor-
ough River experiment was caused by dilution (1/100) of the 0
salinity end-member.

icant differences in fluorescence intensity. Addition of
Na(Cl,,, CaCl,-2H,0,,, and mixing with high-salinity sea-
water (Yucatan Strait) did not produce changes in the posi-
tion of the Em, .. A slight decrease in fluorescence intensity
(~2%) was observed after filtration but it was almost iden-
tical to changes observed in the procedural blanks and, there-
fore, was attributed to absorption of CDOM onto the mem-
brane filter. We conclude that flocculation is not an important
factor in the changes in optical properties of CDOM from
the WFS.

Even if flocculation occurs in rivers draining into the
WES, its importance might be overshadowed by large con-
centrations of CDOM in the river end-member. To illustrate
this, we modeled the possible effects of flocculation during
mixing between Peace River and Gulf of Mexico waters
(Fig. 6). In this simple model, we simulated losses of 5, 10,
20, and 80% of the riverine end-member CDOM in early
stages of mixing (sal = 0 to 1). The model showed that even
after losing 20% of the initial riverine fluorescence, mixing
continues to be the prevalent process controlling changes in
CDOM Em,,,. This modeled loss was equivalent to 11%
DOM and 20% color removal reported by Sholkovitz et al.
(1976). However, this model did not take into account the
possibility of preferential flocculation of the largest-molec-
ular-weight CDOM fraction that might result in hypsochro-
mic shift of the Em_, . This effect, however, was not ob-
served in our laboratory mixing experiments.

Conclusions—From our results we reached the following
conclusions: (1) The injection of riverine organic matter into
the WES largely affected the abundance of CDOM and DOC

1431

450 4 5 } } { } +
= WORX X w e 8 e, 1
5 440 T ! T
g >$< 4
= 2
E 430 + X 1
z X 1
E 420 + ¢ Em max 0% ><'1'
'% 2 Em max 10% T
é 410 T+ » Em max 20% T
= X Em max 80% *

400 } } } } } } 1

0 5 10 15 20 25 30 35
Salinity

Fig. 6. Models showing the effect of reduction of CDOM fluo-
rescence in the position of the Em,,,,, al excitation 310 nm. Per-
centages represent modeled loss of riverine end-member fluores-
cence at salinity <1.

in the stations close to the rivers. The large input of nutrients
also had a significant impact upon primary productivity, but
our data suggested that PP did not produce significant chang-
es in the concentration of CDOM. (2) The optical signature
of riverine CDOM was limited to areas close to the mouths
of the rivers. This was evident in the EEMs data, which
showed fluorescence spectra characteristic of marine transi-
tional waters only at stations MR1, MR2, AR1, and AR2.
The remaining stations showed EEMs characteristic of ma-
rine waters. (3) Results from the mixing experiment indi-
cated that dilution of the riverine waters with marine oli-
gotrophic waters could account for the observed changes in
optical properties. Changes due to flocculation appeared to
be negligible, but more studies are necessary in rivers with
high loads of sediments. Photodegradation was not studied
in this work and cannot be discounted as a possible contrib-
utor to optical changes in the region. However, we believe
that mixing of river and marine waters is the primary mech-
anism in reducing the riverine signal and controlling optical
properties, particularly at low salinities. High concentrations
of particulate material, phytoplankton, and terrestrial CDOM
can reduce the penetration of light and photobleaching. We
have observed this phenomenon in the Orinoco River plume
where CDOM is abundant (Del Castillo et al. 1999). More-
over, photodegradation processes are limited to periods in
which the solar irradiance is sufficient to initiate photore-
actions, whereas mixing between riverine and seawater is a
continuous process. Photodegradation could play a major
role in the modification of CDOM in clear oligotrophic wa-
ters. (4) Studies on the basis of remote-sensing measure-
ments of pigments need to consider the large differences in
concentration and nature of the CDOM between low- and
high-salinity regions in the shelf, and the periodic changes
in riverine input. However, the limited geographic dispersal
of riverine CDOM, the apparent decoupling between PP and
production of CDOM, and the predictable behavior of its
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optical properties should simplify the interpretation of re-
mote-sensing measurements in most regions of the WFS.
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