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During ARA Islas Orcadas cruise 17/78 (September and
October 1978), we investigated various aspects of phy-
toplankton distribution and metabolism. Data were ob-
tained at 27 of the 39 stations occupied and covered
areas both north and south of the antarctic convergence
(figure 1). In contrast with most of the previous biolog-
ical studies in the Southern Ocean, which have been per-
formed in austral summer or fall, our sampling period
was late winter and early spring. Our data are thus of
particular interest in regard to seasonal aspects of phy-
toplankton distribution and its relationship to water col-
umn density. Investigators from Texas A&M University
studied other aspects of phytoplankton that, when con-
sidered with our data, will furnish a broader perspective
of antarctic phytoplankton ecology.

For the first time in antarctic research, we had the
opportunity to record simultaneously the distribution of
phytoplankton, temperature, and salinity in the upper
200 meters of the water column. We obtained phyto-
plankton distribution by measuring chlorophyll a fluo-
rescence with a submersible fluorometer (SeaMarTec)
placed adjacent to a salinity-temperature-depth (STD)

unit on the conducting cable (see figure 2). We obtained
water samples at desired depths by electrically controlled
closing of Niskin bottles mounted on a rosette unit (fig-
ure 2). These samples were used to measure chlorophyll
a after filtration and extraction into methanol as well as
the in vivo fluorescence in a laboratory fluorometer. Our
results indicate that the submersible fluorometer pro-
vides a reliable semi-quantitative measure of phyto-
plankton biomass. Additional water samples were ob-
tained with 5-liter Niskin bottle casts for measurement
of adenosine triphosphate, nutrients, and particulate
organic carbon and nitrogen.

Profiles of potential density obtained from STD data
indicated that, in most cases, there was a surface layer
of low stability (varying from 50 to 200 meters in thick-
ness), below which the potential density gradually in-
creased. Chlorophyll a fluorescence was generally uni-
form within the upper mixed layer and decreased
sharply with increasing depth (figure 3), suggesting an
important role for physical mixing processes in control-
ling the distribution of phytoplankton and thus rates of
primary production.

Measurements of underwater spectral irradiance and
quantum scalar irradiance (400-700 nanometers) were
taken along the cruise track using prototype submersible
instruments developed at the Scripps Institution of
Oceanography. These data describe the photic environ
ment in the upper 100 meters of the water column. At
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Figure 1. Track of ARA Islas Orcadas cruise 17/78, showing
positions of the 39 stations occupied.
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Figure 2. Instrumentation used for in situ measurement a
chlorophyll and Its relationship to the physical characteris
tics of the water column. Submersible fluorometer mountec
on conducting wire about 1 meter above rosette containinç

Niskin bottles and sm unit.
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Figure 3. Chlorophyll a distribution In water column as
measured by three dIfferent techniques and Its relationship
to potential water density. Chlorophyll concentrations meas-
ured by filtration and extraction Into methanol (•), by the In
situ fluorometer (0), and by In vivo fluorescence of discrete
water samples (A). Values shown for chlorophyll concentra-
tions are In micrograms of chlorophyll a per liter for the
extracted samples; latter two measurements shown In rel-

ative units only.

most stations, the waters were extremely clear, with light
at the 10-percent level between 20 and 40 meters and
at the 1-percent level between 40 and 90 meters. Maxi-
mum transmission typically occurred at 480 nanome-
ters, which is characteristic of clear blue oceanic water.
At station 24, which had a bloom of diatoms (1-percent
light level was at 35 meters), maximum transmission
shifted into the green (513 nanometers), thereby indi-
cating an increase in scattering and absorption of light
by phytoplankton.

The potential of an ecosystem for harvestable pro-
duction depends not only on the rate of primary pro-
duction but also on the extent of new as opposed to
regenerated production. Uptake of NO (new produc-
tion derived from upwelling or mixing from deeper
waters) represents exportable production, while uptake
of NHt (regenerated nitrogen) represents turnover of
nitrogen within the euphotic zone. The ratio of new/
total production thus gives an index of the proportion
of production that is exportable (Dugdale and Goering,
1967; Eppley and Peterson, in press). Results of nitro-
gen-15 tracer experiments using NO and NH indi-
cated that the total productivity was rather low; the
mean was 50 milligrams of nitrogen per square meter
per day, which is equal to approximately 330 milligrams
of carbon per square meter per day. The proportion of
new/total production was high at all stations (about 0.5)
and thus was within the range reported for upwelling
ecosystems.

In contrast with expectations from previous cruises
(e.g., Holm-Hansen et al., 1977), nutrient measurements
(NO and NH) across the antarctic convergence showed
no striking differences. Nitrate was present in surface
waters in high concentrations (about 20 p.M) well to the
north as well as within and south of the convergence.
Chlorophyll a concentrations also showed no dramatic
and consistent difference north or south of the front.
These findings may reflect the fact that this cruise took
place in late winter and early spring rather than in sum-
mer, when most previous measurements have been
made. Although nutrients remained abundant along the
cruise track south of the convergence, chlorophyll a con-
centrations varied over two orders of magnitude, sug-
gesting considerable patchiness of phytoplankton in ant-
arctic waters.
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