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Our interest in the distribution of inorganic nutrients through-
out the U.S. Antarctic Marine Living Resources (AMLR) study
area is related to their importance as possible limiting factors for
growth of phytoplankton, and their utility in tracing or identify-
ing different water masses (Broecker 1974; Sievers and Nowlin
1984). During the AMLR program's 1990-1991 and 1991-1992
field seasons nutrient samples were thus obtained with the
objective of studying their distribution and relationships with
phytoplankton and water masses. During the 1990-1991 field
season nutrient samples were collected in the upper 100 meters
(10 depths), from January to March. A total of 20 stations were
completed during two surveys (Holt et al. 1991) on board Na-
tional Oceanic and Atmospheric Adminstration (NOAA) ship
Surveyor. Whenever nutrient samples were obtained, water
samples were also taken for measurements of rates of primary
production, chlorophyll a concentration, and floristic composi-
tion of the phytoplankton crop. Routine physical and optical
measurements were made at all stations with an instrumented
conductivity-temperature-depth rosette profiling system (Amos
and Lavender 1991). Some of the results obtained during the
cruise were discussed in a paper analyzing the phytoplankton
distribution as related to a frontal zone north of Elephant Island
(Helbling et al. 1992). During the 1991-1992 field season nutrient
samples were collected at four standard depths throughout the
water column (0-750 meters) at 136 stations: 64 in Survey A and
72 in Survey D (Rosenberg et al. this issue). In this paper we
present nutrient data from both AMLR field season cruises and
discuss their distribution in relation to water masses.

Water samples for nutrient analyses were collected using 10-
liter polyvinyl chloride Niskin bottles (Teflon covered springs)
mounted on a rosette (General Oceanics). Nutrient samples were
frozen immediately at -20 C and analyses (nitrite + nitrate,
silicate, and phosphate) were carried out at the Universidad
Catolica de Valparaiso, Chile, with an autoanalyzer using the
technique described by Atlas et al. (1971).

The water mass features present in the AMLR study area
indicate at least four different water types (Amos and Lavender
1991; Amos and Lavender this issue). These water types are the
result of the mixing of two general water masses [Antarctic
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Figure 1. Nutrient concentrations In waters around Elephant Island.
Solid circles indicate hydrographic stations. (A) Phosphate
(micromolar) data collected from 21 January to 2 March 1991. (B)
Nitrate (micromolar) data from the same period as A. (C) Silicate
(micromolar) data from the same period as A.
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Figure 2. Plot of N vs. P pairs for samples collected from 21 January
to 2 March 1991. Solid line represents the computed linear regress-
Ion (N = 0.48 + 14.43 * P). Dashed lines correspond to 95 percent
confidence intervals.
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Figure 3. Silicate concentrations (micromolar) in waters around
Elephant Island. Solid circles indicate hydrographic stations. (A)
Data collected during survey A (19 January to 2 February 1992). (B)
Data collected during survey D (29 February to 11 March 1992).

Surface Water (AASW) and Upper Circumpolar Deep Water
(UCDW)1 and two more local water masses [Bransfield Surface
Water (BSW) and Bransfield Deep Water (BDW)]. AASW, which
is mostly to the west and north of Elephant Island, and BSW,
which is mostly to the south of Elephant Island, are generally
limited to the upper 150 meters of the water column.

Nitrate and phosphate concentrations in surface waters were
high during both surveys done in 1991 (greater than 24 micromo-
lar NO3, greater than 1.6 micromolar PO4). BSW showed slightly
higher nitrate and phosphate concentrations than AASW; there-
fore, there was an increase in concentrations from Drake Passage
towards Elephant Island (figures 1A and B). The NO3/PO4 ratio
(figure 2) had a mean value of 14.4 (r = 0.924), which is close to
the theoretical value of 16 (Redfield et al. 1963).

Silicate concentration in surface waters, during both field
seasons, showed a continuous increase from the northwest cor-
ner of the sampling grid (Drake Passage) towards Elephant
Island. This increase was significant as silicate concentrations
near Elephant Island where generally 70 to 80 micromolar a
compared with less than 40 micromolar in the Drake Passage
(figure 1C and figure 3). In general BSW silicate content wa
associated with concentrations of less than 60 micromolar and
AASW with silicate content of greater than 40 micromolar. These
results are in accordance with the findings of Silva (1985,1986) ir
waters around the South Shetland Islands.

The patterns of silicate concentration in surface waters are ir
accordance with the zonation for water types described by Amo
and Lavender (1991,1992). Low concentrations (less than 40 to 5(
micromolar) were found in water type I, while water IV showed
high surface silicate values (generally greater than 80 micromo-
lar). Silicate concentration in two transition zones (water types F
and III) separating water types Ito IV gradually increased froir
less than 30 to greater than 80 micromolar as shown by the date
in figure 1C for 1991 and in figure 3 for 1992. During 1992 silicat
concentrations in surface waters seemed to be slightly highei
than the values in 1991. The range of silicate concentrations wen
similar during surveys A and D (during 1992), but their distribu
tion patterns changed as shown in figure 3.
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Our research was part of the U.S. Antarctic Marine Living
Resources (AMLR) program, with our major objective being to
determine food reservoirs available for grazing zooplankton. In
order to achieve our objective, different modes of sampling were
used during the time period of our work (15 January to 18 March
1992): (1) collection of samples at discrete depths for measure-
ment of chlorophyll a (chl-a), particulate organic carbon and
nitrogen, phytoplankton species concentration and carbon con-
tent, rates of primary production; (2) continuous measurement
with depth (0-750 meters) of in vivo chl-a fluorescence, beam
attenuation coefficient, attenuation of solar radiation (400-700
nanometers); and (3) continuous measurement (every minute) of
in vivo chl-a fluorescence and beam attenuation coefficient of
water from 5 meters depth. In this paper we report distribution
and abundance of phytoplankton biomass (as estimated by chl-a)
and rates of primary production. The cruise track and station
positions are described in Rosenberg et al. (this issue).

The profiling unit used at all stations consisted of a rosette
(General Oceanics), with the following instruments attached to it:
(1) conductivity-temperature-depth sensors, (2) a 25-centimeter
pathlength transmissometer (Sea Tech), (3) a pulsed fluorometer
(Sea Tech), (4) a light sensor (Biospherical Instruments, Inc.) to
record downwelling photosynthetically available radiation from
400 to 700 nanometers, and (5) 1110-liter Niskin bottles. Water
samples for chl-a analyses and determination of rates of primary
production were obtained at 11 standard depths in the water
column.

Chlorophyll a analyses were performed by filtering 100 mil-
liliters of sample through a GF/F glass fiber filter, extracting the
pigments in methanol (Holm-Hansen and Riemann 1978), and
measuring the fluorescence in a Turner Designs fluorometer
(model 10.005R). At every station replicate samples were also
size fractionated through Nitex mesh (20 micrometer), and the

chl-a content in the nanoplankton fraction was measured as
described above.

Rates of primary production were obtained by incubating
samples exposed to natural solar radiation in a water bath with
running surface seawater. The samples were incubated for 6-8
hours centered at local noon at eight different irradiances rang-
ing from 95 percent to 0.5 percent of incident surface irradiance.
After the incubation period samples were filtered through GF/F
filters, and the 14C incorporation was measured by standard
liquid scintillation procedures.

During survey A (19 January to 2 February) surface chl-a
concentrations were relatively high south of a line that runs
southwest-northeast to the north of Elephant Island (figure la).
This line seems to have approximately the same position as the
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Figure 1. Surface chlorophylla (milligrams per cubic meter)
distribution in the AMLR study area. Solid lines indicate contour
depths in meters. (A) Survey A (19 January to 2 February 1992). (B)
Survey 0 (29 February to 11 March 1992).
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