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The Antarctic Marine Living Resources (AMLR) program is
a multidisciplinary program designed to study the interactions
between antarctic krill, its predators, and physical and biolog-
ical parameters in an area around Elephant Island, Antarctica.

Nutrient studies were done as a part of the phytopiankton
project with the objective of relating nutrient concentrations
with different water masses, and also with the distribution of
phytoplankton and krill. In this article, we report on nutrient
concentrations throughout the AMLR sampling grid as well as
on rates of primary production.

The AMLR 1989-1990 program consisted of two 1-month
cruises, the first one in January and the second in February.
Hydrographic stations were occupied Over a 185-by-185-kilom-
eter study area centered on Elephant Island (AERG 1990).

Water samples for determination of nutrient concentrations
and for rates of radiocarbon incorporation were obtained at 24
stations (12 during each cruise) with 10-liter PVC Niskin bottles
mounted on a rosette. Nutrient samples were frozen immedi-
ately at —20 °C and analysis (nitrite, nitrate, silicate and phos-
phate) were carried out at the Instituto Antártico Argentino
with an autoanalyzer Technicon II using standard colorimetric
techniques (Strickland and Parsons 1972). Rates of primary pro-
duction were measured during 8-10 hour incubations of sam-
ples with radioactive bicarbonate (NaH' 4CO3) on deck under
simulated light conditions and surface-water temperature.

During leg I, nitrate-plus-nitrite concentrations throughout
the study area ranged from 15 to 30 micromolar (figure 1A) and
from 20 to 30 micromolar during leg II (figure 1B). There was
relatively little variation in nitrogen concentrations between
surface and depth in the upper 100 meters, the greatest differ-
ence being approximately 10 micrometer in Water Mass I (water
masses as defined by Amos and Lavender 1990) during leg II
(figure 1B). Silicate was much variable between stations as con-
centrations ranged from 10 micromolar to 75 micromolar in both
legs (figure IC and D). The concentration of silicate did not
decrease greatly with depth, except for Water Masses I and II
(leg II) when there was significant depletion in the upper 40
meters in the water column (figure 1D). The relatively low
concentrations of silicate in surface waters as compared to con-
centrations at 100 meters could be explained either by the uti-
lization of silicate by diatoms or by mixing (at depth) with

adjacent water masses of higher nutrient concentrations. Be-
cause chlorophyll a concentrations were fairly high (up to 1.6
micrograms per liter) during the first part of leg II in Water
Mass II (Holm-Hansen, Helbling, and Villafañe 1990), it is likely
that part of the depletion of silicate in surface waters is due to
biological uptake.

The relationship between nutrient concentrations is shown
in figure 2 for both Legs. The ratios of silicon, nitrogen, and
phosphorus (by moles) calculated from the slopes of figure 2
were 36/174/1 during leg I and 576/175/1 during leg II, respec-
tively. From these ratios, it seems that the relative uptake rates
of nitrogen and phosphate were quite uniform during the 2
months, but there was an increase in rate of silicate assimilation
during leg II throughout the entire study area.

These data indicate that the macronutrients in surface waters
throughout the AMLR study area are well in excess of those
required to support maximal photosynthetic rates. During the
AMLR cruises in 1990 and 1991, experiments were also per-
formed to test the hypothesis that low concentrations of iron
might limit photosynthetic rates in antarctic waters (Martin,
Gordon, and Fitzwater 1990). In our work, there was no effect
on photosynthetic rates (or on biomass achieved) by addition
of iron as compared to the control samples over most of the
AMLR study area. A water sample from close to station D32
(60°10'S), however, showed that addition of iron enhanced bi-
omass production during a 12-day incubation period (Helbling,
Villafañe, and Holm-Hansen in preparation). These results are
similar to those of Martin, Fitzwater, and Gordon (1990) and
imply that iron may have some limitation on rates of primary
production in the northern portion of our study area.

Data from photosynthesis-irradiance measurements are
shown in figure 3. P,, ,,,, values for leg I and leg II averaged 1.63
and 1.02 milligrams of carbon per milligram of chlorophyll a
per hour, respectively. The 'k and alpha values were 160 mi-
croeinsteins per square meter per second and 0.01 milligrams
of carbon per milligram of chlorophyll a per hour per microein-
stems per square meter per second for leg I and 104 and 0.0098,
respectively, for leg II. The mean rates of integrated primary
production during legs I and II were 318 and 379 milligrams of
carbon per square meter per day, respectively.
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Figure 1. Concentrations of nitrate plus nitrite, and silicate in the upper water column (0-100 meters). A and C. Leg I (open symbols). B andD. Leg 2 (filled symbols). Water Mass 1(0,.); Water Mass Il (0, •); Water Mass Ill (0,LI1); Water Mass IV (A,A) and Water Mass V (V,Y). (mdenotes meter. tLM denotes micromolar.)
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Figure 2. Interrelationships between inorganic nutrients in the AMLR study area during the period from January through March 1990. A.
Silicate regressed against nitrate plus nitrite (all data for leg I). B. Silicate regressed against nitrate plus nitrite (all data for leg II). C.
Phosphate regressed against nitrate plus nitrite (all data for leg I). D. Phosphate regressed against nitrate plus nitrite (all data for leg II).
(tiM denotes micromolar.)
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Figure 3. Photosynthetic rates in milligram of carbon per milligram of chlorophyll a per hour (mg C/mg Chl-a/hr) as a function of solar
irradiance. Data obtained during leg 1(1 Jan to 3 February 1990), (open circles). Data obtained during leg 11(4 February to 5 March 1990),
(filled circles). Inset show the photosynthetic response at lower light ranges (less than 300 microeinsteins per square meter per second
(iiEinst/m2/s)). These data have been used to calculate I, values (the light intensity at the intersection of the Pma, and the initial slope of the
light response) and the alpha values (the initial slope of the response curve at very low light intensities).
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