
311 mg C rn-2 d-' in Leg II. The decrease in rates of primary
production from Leg I to Leg II reflects the lower standing
stock of phytoplankton in Leg II as compared to that in Leg I
(Villafafle et at, Antarctic Journal, in this issue), in addition to
lower incident irradiance values in February and March as
compared with January (see Helbling, Moran, and Holm-
Hansen, Antarctic Journal, in this issue).

Profiles of upwelling radiance at 683 nm, which are
indicative of in situ rates of photosynthesis (Chamberlin et al.
1990), are shown in figure 3. It is seen that the profile
obtained in water mass I (figure 3A) is very different from the
other profiles in that there is a deep subsurface maximum in
the rate of photosynthesis at approximately 50-m depth. The
fluorescence profiles at stations A34 (figure 3C, water mass IV)
and A83 (figure 3D, water mass V) are highest in surface
waters and decrease rapidly with depth in the upper water
column. Station A73 (figure 3B, water mass II) has a small
maximum at 22 m, a maximum that corresponded to the bot-
tom of the upper mixed layer where the chlorophyll-a values
were also slightly higher than at 10 m.

This research was supported by National Oceanic and
Atmospheric Administration (NOAA) cooperative agreement
number NA3717110001-01. We thank the officers and crew of
NOAA ship Surveyor for excellent support during the entire

cruise and also Samuel Hormazabal and Sandra Rivera for help
on board ship. Shipboard personnel included E. Walter Helbling
and Virginia E. Villafafie (11 January to 9 February) and Osmund
Holm-Hansen and Uvio Sala (14 February to 15 March).
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O
ne of the major objectives of the phytoplankton compo-
nent of the Antarctic Marine Living Resources (AMLR)

program is to determine the distribution and abundance of
the food reservoir available to herbivorous zooplankton,
including the antarctic krill Euphausia superba. In this arti-
cle, we report on the distribution and biomass of phyto-
plankton throughout the AMLR study area (see Rosenberg,
Hewitt, and Holt, Antarctic Journal, in this issue) and provide
data on the relative abundance of nanoplankton and
microplankton and the dominant species in the microplank-
ton size category.

Using Niskin bottles mounted on a rosette (General
Oceanics), we collected water samples at 10 standard depths
between 5 and 200 meters (m). In addition to sensors for con-
ductivity, depth, and temperature, the profiling unit, which
was deployed at all stations, had attached to it a 25-centime-
ter (cm) pathlength transmissometer (Sea Tech), a sensor for
photosynthetically available radiation [PAR, 400-700
nanometers (nm)], and a pulsed fluorometer (Sea Tech).
There were 91 stations in the survey grid, all of which were

occupied two times between January and March. The station
positions are given in Rosenberg et al. (Antarctic Journal, in
this issue).

Phytoplankton biomass was estimated by three different
methods:
• determination of chlorophyll-a concentrations,
• direct microscopic counts, with cell measurements, and

subsequent calculation of cellular organic carbon, and
• estimation of particulate organic carbon (POC) from

beam-attenuation coefficients measured with the trans-
missometer.

The total concentration of chlorophyll-a in phytoplank-
ton was determined by filtering 100 milliliters (mL) of
unscreened sample onto a GF/F Whatman glass fiber filter
and extracting the chlorophyll in 10 mL of absolute methanol
(Holm-Hansen and Riemann 1978). The fluorescence of the
extract was then measured in a Turner Designs fluorometer,
model 10-005R (Holm-Hansen et al. 1965). To determine the
chlorophyll-a content of nanoplankton [less than 20 microm-
eters (tm) in diameter], replicate water samples were first fil-
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Figure 1. Chlorophyll-a concentrations (mg rn- 3) at 5 m depth throughout the AMLR study area. Solid lines indicate depth contours in meters. A.Survey A (15 to 31 January 1993). B. Survey E (22 February to 6 March 1993). Note change of scales between A and B.

tered through a 20-itm Nitex mesh and the filtrate treated as
mentioned above for total chlorophyll-a.

Water samples for floristic analyses were preserved in
buffered formalin for the determination of species composition
and cell numbers. Inverted microscope techniques (Utermöhl
1958; Reid 1983) were used to determine cell numbers and vol-
umes on settled aliquots of these samples, from which total cel-
lular carbon can be estimated
(Kovala and Larrance 1966;
Strathmann 1967). To obtain	120
larger samples of the micro-	E
plankton fraction, a net (15-tm
mesh size) was deployed from E 100
the stern of the ship for about 5
minutes, and the concentrated 0
microplankton were preserved
as described above. These net
samples were examined with a
compound microscope on	60
board ship to determine the
dominant species in the micro-

0 40plankton fraction.
Particulate organic carbon

in water samples was estimated	20from the particulate beam coef-
ficient (cr) data obtained from CD

the transmissometer mounted	
0on the rosette, using the equa-	

0tion described in Villafañe, Hel-
bling, and Holm-Hansen (1993).

The distribution of chlo-
rophyll-a at 5 m is shown in
figure 1. During Leg I (figure
1A), chlorophyll-a values were

relatively low [less than 0.5 milligrams of chlorophyll-a per
cubic meter (mg chl-a m- 3)] in the northwestern and south-
eastern portions of the grid and in waters close to Elephant
Island and Clarence Island. Higher concentrations (0.5 to 1.5
mg chl-a m 3) were found in a broad region extending from
King George Island to northeast of Elephant Island. The high-
est chlorophyll-a values (3.5 mg chl-a m- 3) were found over

1	2	3	4	5
Chlorophyll-a at 5 m depth (mg/m3)

Figure 2. Relationship between chlorophyll-a concentrations at 5 rn depth and integrated chlorophyll-a
concentrations (0 to 100 m). Open circles are for Survey A and solid circles are for Survey E. The line rep-
resents the mean square fit (r2=0.67; n=180).
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the shelf slope (1,000 to 3,000 m) in the northeastern corner of
the survey grid. Chlorophyll-a concentrations during Leg II
(figure 1B) were, in general, lower throughout the entire grid
as compared to Leg I, but the distribution pattern was similar
to that of Leg I. The highest values during Leg II (around 1 mg
chl-a m-3) were found near the 1,000-rn depth contour to the
north of King George Island.

Previous studies in antarctic waters (Holm-Hansen and
Mitchell 1991) have shown a good correlation between sur-
face chlorophyll-a values and chlorophyll-a values when inte-
grated to 50 m (r2=0.91) or to 200 m (r2=0.94). The correlation
between chlorophyll-a values at 5 rn and when integrated to
100 m during Legs I and II of the AMLR program is shown in
figure 2. The lower r2 value (0.67) for the AMLR data set may
be due to the fact that various water masses found within the
survey grid often have distinctly different patterns of chloro-
phyll-a with depth; in water types II and III (see Amos,
Antarctic Journal, in this issue), maximal chlorophyll-a values
are generally at or close to the surface, whereas in water type I
there is generally a subsurface maximum at approximately 50
to 80 m (see Holm-Hansen et al., Antarctic Journal, in this

so
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Figure 3. Distribution of particulate organic carbon (in mg C rn-3)
estimated from particulate beam attenuation coefficients. Solid lines
indicate depth contours in meters. A. Survey A. B. Survey E.

issue). The data in figure 2 also show that both surface and
integrated values for chlorophyll-a declined significantly from
Leg Ito Leg II.

The nanoplankton fraction was relatively high (more
than 65 percent) during both Leg I and Leg II and at all
depths, except for some low values ranging from 40 to 60 per-
cent at some stations at 100 m in Drake Passage waters. Pre-
liminary analyses of the net samples (more than 15-m frac-
tion) show the predominance of diatoms at all stations, with
Rhizosolenia antennata f. semispina being characteristic in
water mass I and Corethron criophilum in water masses II and
III. The same pattern of species distribution was observed
during both legs.

The pattern of estimated PUG concentrations (figure 3)
throughout the grid was similar to that of chlorophyll-a values
(figure 1). During Leg I (figure 3A), POC values were highest
[approximately 150 milligrams of carbon per cubic meter (mg
C m 3)] to the northeast of Elephant Island and lowest (25-50
Mg C rn-3) in Drake Passage waters and in shallower waters
around Elephant Island. Higher values (50-100 mg C rn-3)
were found in water masses II and III. A more uniform distrib-
ution of POC was estimated for Leg II (figure 3B), with the
highest values (approximately 100 mg C m- 3) being found
north of King George Island and the lowest values (25-50 mg
C rn-3) in water masses I and V. The phytoplankton carbon to
chlorophyll-a ratios were in the range of 40 to 100, a ratio sim-
ilar to previous reports from this area (Villafane et al. 1993).

This research was supported by National Oceanic and
Atmospheric Administration (NOAA) cooperative agreement
number NA37FR0001-01. We thank the officers and crew of
NOAA ship Surveyor for excellent support during field opera-
tions. Grateful acknowledgment is also made to Aldo Aguilera
(Universidad Austral de Chile), Christian Bonert (Servicio
Hidrografico de la Armada, Chile), Samuel Hormazábal (Uni-
versidad Católica de Valparaiso, Chile), Patricio Moran (Uni-
versidad Nacional del Sur, Argentina), and Livio Sala (Univer-
sidad Nacional de la Patagonia, Argentina) for their generous
help on board ship. Shipboard personnel included E. Walter
Helbling (11 January to 9 February), Virginia E. Villafañe (11
January to 9 February), Sandra G. Rivera (11 January to 9 Feb-
ruary), and Osmund Holm-Hansen (14 February to 15
March).
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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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