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Our major objectives, as part of the U.S. Antarctic Marine
Living Resources (AMLR) program (see Holt, Hewitt, and Ro-
senberg, Antarctic Journal, this), were to determine the food
reservoirs available to krill (Euphausia superba) and to see if krill
abundance is related to available food supply. In this article,
we report on the distribution and biomass of phytoplankton,
as well as the rate of primary production, throughout the
AMLR study area.

Data regarding phytoplankton distribution were obtained us-
ing two methods:
• by continuous measurement of chlorophyll a (by in vivo fluo-

rescence) and of beam attenuation (25-centimeter pathlength
transmissometer) by using the ship's clean-water intake sys-
tem, and

• by measurements in the upper 750 meters of the water col-
umn at discrete stations in the sampling grid (see Holt et al.,
Antarctic Journal, this issue, for sampling strategy and station
locations).

The profiling unit (see Amos, Helbling, and Holm-Hansen,
Antarctic Journal, this issue) used for all station work included
the following:
• conductivity-temperature-depth sensors,
• a 25-centimeter pathlength transmissometer (Sea Tech),
• a pulsed fluorometer (Sea Tech),
• a light sensor to record downwelling solar photosynthetically

available radiation from 400 to 700 nanometers (Biospherical
Instruments, Inc.), and

• ten 10-liter Niskin bottles for water samples at standard
depths.

Water samples were used to determine concentrations of ex-
tracted chlorophyll a (Holm-Hansen and Riemann 1978), total
particulate organic carbon and nitrogen, and inorganic nu-
trients, in addition to floristic analyses and rates of primary
production.

The patterns of chlorophyll a distribution during surveys A
(21 January to 1 February) and D (26 February to 7 March) were
quite similar, with lowest concentrations in the northwest por-
tion of the grid, and highest concentrations to the north and
south of Elephant Island. Because chlorophyll a concentrations
in surface waters are highly correlated with values integrated
from 0 to 100 meters (integrated chlorophyll a = 12.6 + (50.4
x surface chlorophyll a); r2 0.81, n = 99), only the integrated
values are shown in figure 1. Chlorophyll a concentrations gen-
erally increased slightly from January to March, particularly in
waters close to the shelf break north of King George Island.
The highest values were in the range of 130 milligrams of chlo-
rophyll a per square meter, corresponding to surface concen-
trations of 2.4 milligrams of chlorophyll a per cubic meter, and

the lowest were approximately 30 milligrams per square meter,
corresponding to surface concentrations of 0.4 milligrams of
chlorophyll a per cubic meter.

The pattern of distribution of chlorophyll a with depth in the
water column varied conspicuously throughout the study area.
Representative data are shown in figure 2. Many stations just
north of the continental shelf break were characterized by a
stable, uniformly mixed upper layer which often contained
>1.5 milligrams of chlorophyll a per cubic meter (figure 2A).
The majority of stations exhibited the pattern shown in figure
2B, where the density profile indicated a stable upper mixed
layer, but the chlorophyll a values were lower (<1.0 milligrams
per cubic meter) and distributed much deeper in the water
column. The 1 percent light level at station A33 (figure 2B) was
approximately at 65 meters, suggesting that the deep chloro-
phyll a values probably represent sinking cells as has been
reported previously (Holm-Hansen et al. 1989). In shelf waters
just north and east of Elephant Island, chlorophyll a values were
fairly low, but did not decrease much in the upper 300 meters
(figure 2C). The reason(s) for the "jagged" appearance in both
the fluorometer and transmissometer data are not known, but
such profiles were consistent at many stations on both surveys
A and D.

Data from photosynthesis-irradiance measurements done at
10 stations on both surveys A and D are shown in figure 3. P,,
values in January and February averaged 1.94 milligrams of
carbon per milligram of chlorophyll a per hour; in March the
average value decreased slightly to 1.21. The (1 k) and alpha
values were 135 microeinsteins per square meter per second
and 0.014 milligrams of carbon per milligram of chlorophyll a
per hour per microeinstein per square meter per second, re-
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Figure 1. Integrated chlorophyll a concentrations (milligrams of
chlorophyll a per square meter, 0 to 100 meter) throughout the
AMLR sampling grid in 1991. A. Survey A, from 21 January 1991 to
1 February. B. Survey D, from 26 February to 7 March 1991.
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spectively, for survey A; for survey D the corresponding values
were 154 and 0.0078. The P,,, \ parameters are fairly similar to
data reported by Holm-Hansen and Mitchell (1991) in nearby
waters, but higher than the values reported by Tilzer, Bodun-
gen, and Smetacek (1985) for waters around Elephant Island.
Our 'k and alpha values, however, are quite similar to those
reported by Tilzer et al. (1985). The mean rates of integrated
primary production during surveys A and D were 510 and 306
milligrams of chlorophyll a per square meter per day, respec-
tively.
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Figure 2. Representative profiles in the upper 300 meters of the water column of water density ( ----- ), percentage of light transmission
from the transmissometer (-), relative chlorophyll a values as measured by in viva fluorescence (.-' .-), and extracted chlorophyll a
concentrations at discrete depths (•). Note that abscissa for chlorophyll a reads directly in milligrams of chlorophyll a per cubic meter for
extracted samples, and in relative units (volts) for the in situ fluorometer trace. A. Station A38. B. Station A33. C. Station A43. (m denotes
meters. chl-a denotes chlorophyll a.)
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Figure 3. Photosynthetic rates (in milligrams of carbon fixed per milligram of chlorophyll a per hour) as a function of solar irradiance. Data
were obtained at 10 stations each survey; water samples were obtained from eight depths (surface to 75 meters) and incubated under
simulated light conditions in a deck incubator maintained at surface water temperature. Insets show the photosynthetic response at the
lower light ranges (<300 microeinsteins per square meter per second). A. Data from survey A (21 January to 1 February 1991). B. Data fromsurvey D (26 February to 7 March 1991). These data have been used to calculate 1 k values (the light intensity at the intersection of the ma,
and the initial slope of the response) and the alpha values (the initial slope of the response curve at very low light intensities). (mg C/mg
Chi-a/hr denotes milligrams of carbon per milligram of chlorophyll a per hour. iEinst/m2/s denotes microeinsteins per square meter persecond.)
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