
phaeopigment values (0 to 20 milligrams per cubic meter), which
makes it easier to distinguish separate a* relationships.

The minimal presence of ad is also another important factor in
enabling us to find the variation in a* in Antarctica. Figure 2
shows that ad normalized for chlorophyll + phaeopigment was
typically negligible. Sosik et al. (this issue) found the ad from
RACER3 to be very low compared to the ad from the temper-
ate water off the California coast. Assuming a from equation 2
to be minimal, it will contribute little to variations in a*. There-
fore most of the variation is due to a*Ph.

Work in progress includes analyzing pigment composition
and determining the cell size and phytoplankton composition for
the RACER3 cruise. These data should provide us with more
information such as pigment per cell and the ratio of accessory
pigment to chlorophyll a for all the samples and improve our
understanding of particle optics in the Antarctic.

We thank the captain and crew of the R/V Polar Duke, Martha
Ferrario for the floristic analysis, Chris Fair for technical assis-
tance, and Vincent Spode for graphics. This project was sup-
ported by National Science Foundation grant DPP 88-17635 to
0. Holm-Hansen and Maria Vernet.
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A comparison of particulate
absorption properties between high-

and mid-latitude surface waters

HEIDI M. S0SIK, MARIA VERNET AND

B. GREG MITCHELL

Marine Research Division
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92093-0218

The optical properties of particulate material in the surface
waters of the ocean play a critical role in regulating the underwa-
ter light field and in determining water-leaving radiance. The

absorption capability of the phytoplankton fraction of the par-
ticulate pool also sets an important limit on primary production.
Variability in particulate optical properties thus should be re-
flected in light propagation models, in algorithms for pigment
retrieval from remotely sensed data, and in bio-optical models
for primary production. A recent study by Mitchell and Holm-
Hansen (1991) has shown that there are significant differences
between high-latitude and temperate ocean waters in pigment-
specific diffuse attenuation coefficients and in the relationship
between pigment concentrations and spectral ratios of upwelling
radiance. The observed differences have been attributed to
variability in particulate optical properties. The goal of this
study is to examine differences in measured pigment-specific
particulate absorption coefficients between surface waters from
the Gerlache Strait and from the California current.

This study was conducted on three cruises. Samples were
collected from stations in the Gerlache Strait on the Research on
Antarctic Coastal Ecosystem Rates 3 (RACER3) cruise in Decem-
ber 1991 to January 1992 and from two California Cooperative
Oceanic Fisheries Investigations (Ca1COFI) cruises (9110 and
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9202) in September to October 1991 and January to February 1992.
The Ca1COFI cruises cover an area off southern California be-
tween San Diego and just north of Point Conception and extend
approximately 600-700 kilometers offshore (approximately 30 to
34 N and 118 to 124 W). Data from 132 RACER3 stations, 63
stations on Ca1COFI cruise 9110, and 62 stations on cruise 9202
will be presented here.

All water samples were collected with Niskin bottles from
depths ranging between 0 and 5 meters. Between 0.1 and 2 liters
of water were filtered onto Whatman CF/F glass fiber filters.
Samples taken on Ca1COFI cruises were analyzed on board ship,
while RACER3 samples were stored in liquid nitrogen and
returned to the laboratory for analysis within 7 months. Analysis
of filtered samples included measurement of absorption in a dual
beam spectrophotometer. Using the method of Kishino (1985),
the initial measurement was followed by extraction in methanol
and subsequent reanalysis of absorption by the material remain-
ing on the filter. The absorption following extraction of pigments
with methanol can be regarded as the detrital component (ad) of
the total particulate absorption (a). By difference between the
total and detrital signals, an estimate of phytoplankton absorp-
tion (a h) can be derived. However, this is an overestimate of aPh
since cfetritai phaeopigments will be extracted by methanol, and
their absorption will be included in the phytoplankton compo-
nent. The algorithm of Mitchell (1990) was used to correct all
absorption measurements for pathlength amplification effects re-
sulting from analysis of particulate samples concentrated on filters.
In all cases, specific absorption was determined by dividing ab-
sorptionby the concentration of chlorophyll a plus phaeopigments.
Pigment concentrations were determined on separate samples
from the Niskin bottles using standard fluorometric techniques.

The average pigment-specific particulate absorption spec-
trum (a*) for the antarctic surface waters is consistently lower
than that found on either of the Ca1COFI cruises (figure 1).
Antarctic values of a* are as much as 2.5 times lower at some
wavelengths with an average of 1.9 for the blue peak. Lower
specific absorption for the RACER3 data is also observed for the
phytoplankton component (a h*) (figure 2). This feature, com-
bined with the reduced ratio of the blue-to-red peak, is consistent
with low-light adaption for antarctic populations of phytoplank-
ton. Finally, detrital absorption is low in the antarctic surface
samples compared with the mid-latitude California Current
(figure 3). At 440 nanometers, the average ratio aPh:ad is approxi-
mately 4 for each of the CaICOFI cruises. For RACER3, aPh is an
average of 10 times higher than ad.

These results support the hypothesis of Mitchell and Holm-
Hansen (1991) that high-latitude surface waters have low detri-
tal absorption and a low a Ph* when compared to temperate
waters. As these authors have shown, this variability is manifest
in models for light propagation through the water column and
or ocean color algorithms. Bio-optical modeling of primary

production will also be affected by this type of regional variabil-
ty. To better understand the magnitude and distribution of
iariability in partical optics is a critical step toward the develop-

inent of more accurate bio-optical algorithms.
The RACER3 work was supported by National Science Foun-

dation grant DPP 88-17635 to 0. Holm-Hansen and M. Vernet.
The work with Ca1COFI was supported by Office of Naval
Research grant N00014-91-J-1186 to B. C. Mitchell and National
cience Foundation Graduate Student Fellowship to H. Sosik. We

would like to thank the captains and crew of the R/V New
.-Iorizon, the R/V David Starr Jordan and the R/V Polar Duke, and
C. Fair and L. Flores for technical assistance.
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Figure 1. Average chlorophyll a plus phaeopigment-specific
particulate absorption spectra for surface waters sampled in the
Gerlache Strait (RACER3) and on two cruises to the waters oft
southern California (CaICOFI 9110 and CaICOFI 9202).
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Figure 2. Average chlorophyll a plus phaeopigment-specific
phytoplankton absorption spectra estimated using the technique of
Kishino et al. (1985) for the same samples shown in figure 1.
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Figure 3. Same as figures 1 and 2 except for the detrital component
of the total particulate pool.
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RACER: Distribution of nitrite
in the Gerlache Strait

J. E. DORE AND D. M. KARL
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The surface waters of the southern oceans are characterized by
high concentrations of inorganic nutrients (nitrate, phosphate,
silicate; Gordon et al. 1981) which could potentially be used for
the photosynthetic production of organic matter and removal of
dissolved carbon dioxide from the ocean's surface (Martin 1990).
A thorough understanding of nutrient dynamics in antarctic
marine ecosystems is crucial to our understanding of food web
dynamics and global carbon dioxide fluxes. Of the major
bioelements, nitrogen is generally considered to be an important
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Figure 1. Contour map of surface nitrite concentrations across the
RACER fast grid study area from 15 to 18 December 1991 (FA).
Concentrations are in units of micromoies per liter; contour spacing
Is 0.05 micromoiar. Estimated analytical precision is 0.01 micromoiar.
Solid symbols indicate stations where nitrite was sampled.

limiting nutrient in seawater. To date, most studies of nitrogen
in the southern ocean have focused either on the most oxidized
form, nitrate, or on the most reduced form, ammonium. By
comparison, few data exist on the distribution or turnover rate
of the redox intermediate nitrite. Accumulations of nitrite in
natural waters indicate zones in which an uncoupling exists
between the oxidative and reductive reactions affecting nitrate
and ammonium (Rakestraw 1936). We anticipated that an evalu-
ation of the dynamics of nitrite distributions during the spring
phytoplankton bloom would provide us with additional infor-
mation on the nutritional state and regenerative capacity of the
microbial community.

The horizontal distribution of dissolved nitrite was examined
during the three quasi-synoptic fast sampling grids performed in
the Gerlache Strait during the Research on Antarctic Coastal Eco-
system Rates 3 (RACER3) cruise to the Antarctic Peninsula region
(1991-1992 austral summer). In addition, depth profiles of nitrite (0
to 200 meters) were generated at the time-series station A (equiva-
lent to fast grid station 33) during each of the four occupations.
Cruise dates, station locations, and sampling protocols are de-
scribed elsewhere (Holm-Hansen and Huntley this issue). Fast grid
samples were bucket-collected from the surface, screened through
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Figure 2. As In figure 1, except data are from 27 to 30 Decembe
1991 (FC).	 I
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