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AMLR program: Inorganic nutrient concentrations
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T
he Antarctic Marine Living Resources (AMLR) program is
a multidisciplinary study designed to investigate the

interrelationships between the antarctic krill (Euphausia
superba Dana) and physical-biological factors in the area
around Elephant Island. As one component of this program,
our phytoplankton group has been analyzing the major inor-
ganic nutrient concentrations in waters surrounding Elephant
Island. In this article, we present the distribution of major
nutrients (nitrate, phosphate, and silicic acid) at 5 meters (m)
within the AMLR study area.

The station locations and dates of sampling are given by
Rosenberg, Hewitt, and Holt (Antarctic Journal, in this issue).
At each of the 91 stations surveyed during both Leg I and Leg
II, water samples were obtained at four depths (5, 50, 200, and
750 m) with 10-liter (L) Niskin bottles mounted on the rosette
system. Water from the Niskin bottles was poured directly
into 60-milliliter (mL) clean (soaked in 1.0 normal hydrogen
chloride) polyethylene bottles, shaken and discarded two
times, and then the bottles were filled with approximately 45
mL and frozen (-20°C) immediately. The samples were kept
frozen until analyses were performed at the Universidad
CatOlica de Valparaiso, Chile, using an autoanalyzer and the
techniques described by Atlas et al. (1971).

Nitrate concentrations at 5 m were generally high
throughout the study area, with values ranging from 18 to 32
micromolar (LLM) (figure 1). Relatively high values were
observed in the southeast corner of the survey grid in Weddell
Sea waters (Amos, Antarctic Journal, in this issue). The most
notable depletion was found in the northeast corner of the
study area during Leg I (figure 1A) and to the east of King
George Island during Leg II (figure 1B). Both of these areas
were characterized by high phytoplankton biomass and ele-
vated values of particulate organic carbon (Villafañe et al.,
Anta rctic Journal, in this issue).

Phosphate concentrations at 5 m (figure 2) varied between
1.65 and 2.45 RM, with relatively high values being found in the
southeast area of the survey grid (Weddell Sea waters). Areas
showing most depletion of phosphate corresponded to the
low-nitrate areas previously mentioned. The nitrate-phos-
phate ratio had a value of 14.95 (r 2=0.88) for all samples taken
during Leg I and Leg II, a value that is close to the theoretical
value of 16 (Redfield, Ketchum, and Richards 1963).

Concentrations of siicic acid throughout the study area
varied much more than did nitrate or phosphate concentra-
tions. Siicic acid concentrations at 5 m (figure 3) were rela-
tively low (less than 32.5 .tM) in the northwest corner of the
study area, a finding that corresponds to Drake Passage
waters (Amos, Antarctic Journal, in this issue) and increased
progressively toward Elephant Island, reaching maximum
values of close to 110 i.tM in Weddell Sea waters. The pattern
of distribution of silicic acid concentrations followed very
closely the water-mass distributions described by Amos
(Antarctic Journal, in this issue), with the silicic acid concen-
trations in Drake Passage waters being less than 40 1AM and
about 80-90 1.tM close to Elephant Island (Weddell-Scotia
Confluence water).

The general distribution of inorganic nutrients is in
accordance with previous findings of Silva (1985, 1986) for
waters around the South Shetland Islands, but silicic acid
concentrations during AMLR 1993 showed a higher range
than the concentrations found for the AMLR 1992 field season
(Silva, Helbling, and Holm-Hansen 1992). The nitrate-phos-
phate ratio did not show any significant difference between
the two seasons.

Our data on inorganic nutrient concentrations in the
upper water column (samples from 50, 200, and 750 m, in
addition to the 5-rn data discussed above) will be analyzed in
regard to data on phytoplankton biomass (Villafañe et al.,
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1-igure . I-'nospnate concentrations (4m) at b m aeptn in watersFigure 1. Nitrate concentrations (I.0) at 5 m depth in waters around	around Elephant Island. A. Data from Survey A (15 to 31 JanuaryElephant Island. A. Data from Survey A (15 to 31 January 1993). B.
Data from Survey E (22 February to 6 March 1993).	 1993). B. Data from Survey E (22 February to 6 March 1993).

Figure 3. Silicic acid concentrations (tM) at 5 m depth in waters around Elephant Island. A. Data from Survey A (15 to 31 January
1993). B. Data from Survey E (22 February to 6 March 1993).
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Antarctic Journal, in this issue) and rates of primary produc-
tion (Holm-Hansen et al., Antarctic Journal, in this issue). The
results of these calculations will provide insight into the
importance of nutrient recycling in maintaining relatively
high nutrient concentrations in the euphotic zone and also
will help researchers estimate the relative loss of organic mat-
ter to deep water by settling of cells or through grazing by
zooplankton.
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AMLR program: Foraging behavior and spatial
pattern of pelagic birds at sea
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GRUNBAUM, and DAVID SECORD, Department ofZoology, University of Washington, Seattle, Washington 98195

O
ur aim during Antarctic Marine Living Resources (AMLR)
1993 was to assess the spatial association at sea between

seabirds and swarms of krill and to quantify the birds' forag-
ing behavior to determine whether changes in bird behavior
might provide a reliable cue to the location of krill swarms. A
description of cruise activities is given by Rosenberg, Hewitt,
and Holt (Antarctic Journal, in this issue). We used standard
strip-transects (Tasker et al. 1984) to map the positions of
birds. We conducted the strip-transects while the ship was
underway between stations, concurrent with acoustic mea-
surements of krill abundance (Hewitt and Derner, Antarctic
Journal, in this issue). We counted birds in a 100-meter (m)
strip centered on the track followed by the acoustic towed
body and partitioned our continuous counts of birds into
0.1-nautical-mile (nmi) intervals. We lagged the bird counts
in such a way that they were temporally aligned with the
acoustic data (that is, since the acoustic array was towed off
the fantail, records of birds preceded estimates of krill by
about 40 seconds). To quantify behavior of birds, we needed
to use two teams of observers working simultaneously; one
team recorded counts of birds within the 100-rn strip men-

tioned above, while the second team recorded the actions of
individual birds. To do this, one observer picked a bird at ran-
dom and followed it until it disappeared from view. While the
bird was in view, the observer noted whether it was flying, sit-
ting, or feeding and, if flying, the direction of flight. All behav-
ioral data were entered into a microcomputer that had a cali-
brated clock, so that we could subsequently calculate propor-
tions of time that birds devoted to each of the activities that
we recorded.

To assess spatial association between krill and krill
predators, we focused our analyses on the numerically domi-
nant species of the Elephant Island area that are known to
feed substantially upon hill: chinstrap penguins (Pygoscelis
antarctica) and antarctic fulmars (Fulmarus glacialoides). At
the scale of the whole survey (lOs to lOOs of kilometers),
aggregations of chinstrap penguins coincided with aggrega-
tions of hill, whereas aggregations of antarctic fulmars did
not (figure 1). The penguin/hill spatial association was inex-
act when examined at finer scales; we calculated pearson cor-
relation coefficients between penguin and krill abundance
using as samples intervals ranging in size from 0.1 nmi up to
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