


Table 1. Times and locations of optical stations. UT—universal time, Op# is an event identification number

Station UT Op# Lat(N)
A 1608 91067238 28.881
1630 91067239 28.883
1707 91067240 28.886
B 1720 91069296 28.750
2043 91069302 28.791
2303 91069308 28.155
C 1624 91073380 28.909
1650 91073381 28.909
1708 91073382 28.909
D 1557 91074405 28.244
1631 91074406 28.240
1644 91074407 28.238

Lon(W) Remarks

89.620 Spectroradiometer
89619 PNF-300

89.631 CTD 82

90.129 PNF-300

90.156 Speciroradiometer
90.138 CTD 104

89450 Spectroradiometer
89491 PNF-300

89491 CTD 119

£8.812 PNT-300

88.822 Spectroradiometer
88.824 CTD 124

Samples for analysis of suspended particulate
matter and photosynthetic pigments were collected in
conjunction with CTD profiling using a rosette sampler
(Geperal Oceanics) fitted with 10 L Niskin botles.
Total suspended particulate material was determined by
passing a kmown volume through a pre-rinsed,
pre-weighed 47 mm GF/F filter followed by rinsing,
drying and re-weighing the filter. Chlorophyll ¢ and
pbacopigment analyses were performed on board sbip
using an extraction technique modified from Shoaf and
Lium (1976). Samplcs were filtcred on Whatman GF/F
glass fiber filters, which were then immersed in § mi of
DMSO/acetone (40/60) and allowed to exfract in
darkness for 1 h. Afler extraction, samples were
centrifuged and fluorescence was measured before and
after acidification using a Tumer Model 10 fluorometer
(Holm-Hansen et al., 1965). Calibratons were made
using a Sigma chlorophyll @ standard.

Downwelling spectral irradiance was
determined using a Li-Cor LI-1800-UW underwater
spectroradiometer. The insttument was deployed at
tmes and locations given in Table 1. A series of scans
(2 nm resolution) were made at selected depths in the
upper mixed layer and spectral attenuation at each
wavelength band was calculated as follows:

(1)  k(Az)=In [I(Az.,) / IAz) 1/ (5 - )

where J(A, z) is the irradiance at wavelength A and
depth z,.

Measwrements of diffuse speciral attenuation
were compared to estimates derived from a spectral
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attenuation model. The diffuse spectral attenuaticn
coefficient, k, was calculated for all wavebands using
the relation of Kirk (1984) as described in Gallegos et
al. (1990). The model required that total spectral
absorption (a(A), m*) and scattering coefficients (b(A),
m") be determined. The total spectral absorption
cocificient, a(A), was estimated by summation of
absorption due to individual constiuents. The spectral
absorption coefficient for particulate matter, a (A), was
estimated by substituting the suspended particulate
matter concentration for total suspended solids in Eq. 6
of Gallegos et al. (1990). The cocfficient for absorption
due to phytoplankton was determined by multiplying the
chlorophyll-specific absorption cocfficient, a*,,(A), that
was obtained from Table 4 of Gallegos ct al. (1950) by
the measured chlorophyll sconcentranion. Values of
spectral absorption of dissolved matter were estimated
by substituting dissolved organic carbon concentrations
(DOC) into Eq. 5 from Gallegos et al. (1950). DOC
concenirations at our sampling locations were estimated
from salinity bascd on a salinity-concentration
relationship determined by R. Benner (unpublished) en
the cruise leg immediately preceding curs. Estimated
values were 1.2 mg 1! (Station A), 1.1 mg I* (Station
B), and 1.9 mg ' (Stadon C). The absorption by
dissolved organic matter at the slope water Station D
was taken as zero because Eq. 5 from Gallegos ct al.
(1990) was applicable only for higher concentrations as
encountered in shelf waters. The scattering cocfficient,
b(A), was assumed to be invariant with wavelength and
was calculated by assuming that the only significant
absorbing substance in the 720 nm waveband was due









(Table 2) cxceeded 3 mg m™ at Stations B and C, while
at Station D values were always less than | mg m™>,
Highest values of suspended particulate matter and
lowest salinities were encountered at Staton C,
presumably strengly impacted by river outflow.

Profiles of K. (Figs. 2-5) exhibited high values
in the upper water column and decreased with depth.
This was attributed to both the spectral shift in
irradiance with depth (e.g., Kirk, 1983) as well higher
turbidity in the surface layer (e.g., Station C, Table 2).
Highest values of K, were observed at Station C (Fig.
4), although there was considerable scatter in the
values. Lowest values were observed at the slope water
Statdon D (Fig. 5).

Chlorophyll estimated from L 683 (Figs. 2-5)
was generally highest near the surface and decreased
with depth. At Station A, chlorophyll estimated from
1.,683 exceeded extracted chlorophyll concentrations in
surface walers, butunderestimated extracted chlorophyil
concentrations at depth (Fig. 2). At Stations B, C and
D, chlorophyll estimated from L 683 was similar to
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Fig. 6. Profile of salinity (dashed line), temperature
{dotied), and beam ¢ (solid) at Station A.

extracted chlorophyll concentrations in surface waters
(Figs. 3-5). However, at both Stations B and D, values
estimated from L 683 underestimated extracted
chlorophyll concentrations at depth. At Station C, both
estimated and extracted chlorophyll showed similar
decreases with depth (Fig. 4).

Profiles of beam ¢ revealed high values in
surface waters at Stations A, B and C (Figs. 6-8
respectively). Highest values of beam ¢ were observed
at Stations A and C. Sampling limitations of the
instrument package precluded resolution within the
upper 2-3 m, and there was a possibility that values
were higher there. At Stations B and C, subsurface
layers of high turbidity were observed that were
apparently associated with a benthic nepheloid layer.
Tntermediate peaks in beam ¢ were observed at Stalion
C that did not reflect pigment maxima (cf. Fig. 4).

Average attenuation coefficient spectra (solid
lines in Fig. 9) were similar at Stations A and B. High
attenuation at short wavelengths was evident in the
spectrum determined at Statdon C. Spectral attenuation
minima at Stations A, B and C were in the vicinity of
540-580 nm. Lowest values of attenuation were
observed at the slope water Station D where the
attenuation minmium was around 490 nm. The spectral
attenuation model performed well (dashed lines in Fig.
9). At Station D, there was a tendency of the modeled
values to underestimate measured attenuation,
particularly at either end of the spectrum.

Discussion

A wide range of water conditions were
encountered in this study. Evidence of high turbidity in
tiver plume was demonstrated by the high values of K,
(Fig. 4) and bigh speciral attenuation (Fig. 9) at Station
C. Sharp vertical changes in optical properties were
evident and attributed both to high concentrations of
optically active constituents and heterogeneous vertical
distributions. Spatial variation in irradiance attepuation
characteristics was evident from the comparison of the
different sampling locations, and underscored the
complex nature of the optical environment in this coastal
ccosystem.

The utility of measurements of [..683 as an
index of chlorophyll concentrations was found to be
limited. Extracted chlorophyll a concentrations tended
to be overcstimated in near swface walers and
underestimated at depth. Surprisingly, the station where
the best agreement was found was Station C, the most
turbid of our sampling locations. The discrepancics
observed between estimated and extracted chlorophyll
concentrations in the surface waters was likely due to a
significant source of scattered L 683 that did not
originatefromchlorophyllfluorescence. Underestimates
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Fig. 7. Profile of salinity (dashed line), temperatmre
(dotted), and beam ¢ (solid) at Station B.

at depth were apparently due to errors in the assumed
values of coefficients. For example, decreases in either
the spectrally averaged pigment-specific absorption
(a*;y) or the quantum yicld of fluorescence (9,) would
increase the estimated chlorophyll (¢f. Chamberlin et al.,
1990).

The spectral attepuation model performed
remarkably well (Fig. 9) considering variations in
attenuation spanned over an order of magnitude.
Estimates of the relative contribution of individual
constituents to total spectral absorption (data not shown)
revealed that absorption at wavelengths less than 600
nm was dominated by DOC at Stations A and B, and by
DCC and SPM at Station C. It was also evident from
consideration of Eq. 18 from Morel (1988) that the
scattering coefficients that were derived for Stations A,
B and C were substantially higher than could be
attributed to the observed chlorophyll @ concentrarions.
We thus concluded that attenuation of PAR in shelf
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Fig. 8. Profile of salinity (dashed line), temperamre
{dotted), and beam ¢ (solid) at Station C.

waters during this period was controlled primarily by
factors other than pigment concentrations. In slope
water (Station D), attenuation was underestimated by the
model], This could be atiributed to the fact that effects
of both SPM and DOC terms were not quantified at this
location. SPM estimates were not available at Station
D because a high salt blank interfered with the
measurement and the empirical relationship to estimate
a, from DOC was applicable only in regions of higher
concentrations as cncountered in coastal waters.
Another factor that may have caused the model to
underestimate attenuation at Station D was that the Kirk
(1984) relation was intended to provide an average over
the euphotic zone (to 1% light level}). Our data were
from upper 20 m where attennarion may have becn
slightly higher due to more rapid attenuation of longer
wavelengths (of. Fig. 5).

The specwral attenuation model required input
of SPM, DOC, and chlorephyll. In addition, an estimate
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Fig. 8. Attenunation coefficient spectra calculated (Eq. 1) from measured speciral irradiance (solid lines). Scans
were averaged from the upper 8 m (Station A}, the upper 2 m (Stations B and C) or the upper 20 m (Station
D). Dashed lines represent spectral attenuation estimated from a speciral attenuation model as described in

Methods.
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of k(720) was used to derive the scaitering coefficient,
b. Ideally, it would be possible to obtain information
about these variables using high resolution sampling
techniques. For example, empirical relationships have
been found to exist between DOC and salinity (Benner,
1994 and unpublished). Thus, a limited set of samples
across the salinity gradient may be adequate to
characterize DOC on the basis of salinity mapping. It
should be noted, howeveurer, that the relationship
between DOC and salinity has been shown to be
nonconservative during periods of high primary
producton (Benner, 1994). Improved vertical
resolution of beam ¢ may provide a convenicnt means
of estimating SPM (¢f. Spinrad, 1986). Such estimates
would be useful for the assessment of particulate
absorption, a,(A). In addition, empircal relations
between SPM and the scattering coefficient, b, may be
derived (¢f. Gallegos et-al, 1990). Such a relation
would climinate the need for determining k(720).

As pew instrumentation becomes available, it
may be possible to better assess inputs required by this
and other speciral models. In view of the strong impact
of irradiance on primary production in this ecosystem,
advances in the ability to cbaracterize the ophical
environment should improve our ability to estimate and
predict productivity.
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