
Phytoplankton studies in the
Scotia Sea

CYNTHIA A. PADEN, CHRIS D. HEwEs, AMW NE0RI,
and OSMUND HOLM-HANSEN

Scripps Institution of Oceanography
University of California-San Diego

La Jolla, California 92093

ELLEN WEAVER

San Jose State University
San Jose, California 95192

DALE A. KIEFER

University of Southern California
Los Angeles, California 90007

EGIL SAKSHAUG

Inst it utt for Mann Biokjemi
University of Trondheim

NTH, Trondheim, Norway

Most phytoplankton studies in the southern oceans have
been simple estimates of the magnitude of primary production
and cell counts of the larger algal cells which are sampled by
nets (see Holm-Hansen et al. 1977 for data and other refer-
ences). While considerable information has been obtained on
rates of primary production as related to geographical area and
seasonal effects, our understanding is still relatively poor
regarding such matters as the causes of phytoplankton patch-
iness, the interaction between phytoplankton distribution and
physical mixing processes, and the relationship between phy-
toplankton abundance (and species composition) and zoo-
plankton biomass and species. Our program on board Riv Mel-
ville thus had the following primary objectives: (1) to relate the
distribution, species composition, and metabolic activity of
phytoplankton to the physical and chemical environment; (2)
to determine the chemical and physiological differences in
cells from various depths in the water column and to relate
these differences to the rate of mixing by downwelling or
turbulence; (3) to determine the most important factors gov-
erning growth rates of phytoplankton; and (4) to mesh our
data on phytoplankton with information on the feeding pref-
erences and abundance of zooplankton, especially Euphausia
superba (krill).

Phytoplankton distribution. Surface chlorophyll concentra-
tions were determined during all steaming time by recording
in vivo fluorescence on water pumped from an intake close to
the bow of the ship. During leg 1 the vertical distribution of
chlorophyll was determined at 12 depths (usually to 1,000
meters) on every even-numbered conductivity-temperature-
depth (cm) station; during leg 2 chlorophyll was similarly
measured on 33 of the 35 cm stations occupied. Water samples
were preserved with formalin or iodine solution whenever
extracted chlorophyll measurements were made. These sam-

ples will be examined by inverted microscope techniques for
the enumeration of species and calculation of total organic
carbon as a function of species and phylogenetic group. High
chlorophyll concentrations (above 3 micrograms per liter) were
found at only six locations, all of which were in relatively
shallow areas close to the Scotia Ridge. Net  tow samples (35-
micrometer mesh) of phytoplankton from 26 stations (leg 1)
were preserved with gluteraldehyde and osmium tetroxide for
light and electron microscope studies. Preliminary examina-
tion of net samples revealed marked differences from station
to station regarding relative abundances of major phylogenetic
groups (diatoms, thecate or naked dinoflagellates, nanoplank-
ton, etc.); this heterogeneity was also seen in chlorophyll data
on size-fractioned water samples. The phytoplankton biomass
often seemed to be inversely related to the zooplankton bio-
mass. At station 016 (just west of South Orkney Island) on leg
1, the chlorophyll concentration was over 8 micrograms per
liter, with very low zooplankton biomass; the same station on
leg 2 had relatively low chlorophyll (approximately 0.6 micro-
gram per liter) but much higher zooplankton biomass, includ-
ing larval krill.

Extensive chlorophyll a data were collected during leg 2,
north and northeast of Elephant Island. In addition to the
chlorophyll measurements made in surface waters and in water
samples from the rosette bottles as described previously, con-
tinuous chlorophyll profiles from the surface to 120 meters
were obtained with a pumping system connected to the cm
unit. Examination of the chlorophyll data indicates that water
with high standing stock of phytoplankton (about 3 micro-
grams of chlorophyll a per liter) flowed from the south, around
the east end of the island, and into the area north of Elephant
Island, where the large krill swarms were found. The chloro-
phyll concentrations decreased with increasing krill abun-
dance; to the north and west of the major krill swarms, the
chlorophyll concentrations were reduced to approximately 10
percent of that found "upstream" of the krill. This suggests
that the location of krill swarms may be related to the current
systems, which transport high concentrations of phytoplank-
ton into areas inhabited by the krill.

Phytoplankton growth rates. Our studies concerned with
measuring phytoplankton growth rates were directed at (1)
determining the rate of primary production, which represents
the "base" of the food web and (2) increasing our understand-
ing of the rate of photosynthesis as influenced by light inten-
sity, temperature, and addition of essential inorganic
nutrients, as well as organic compounds and chelators. No
nutrient deficiency could be demonstrated in culture experi-
ments that lasted for 18 days. Temperature seems to be of
major significance in regard to low growth rates, as generation
times of most samples examined were in the range of 3 days
at ambient surface water temperatures (usually between 0° and
1°C). Photosynthetic rates increased markedly when temper-
ature was increased to 8°C, above which the rates decreased
rapidly. On sunny days all phytoplankton samples tested
showed either light saturation at ambient light conditions or
a photoinhibition at the higher light intensities. Incident light
intensity was measured continuously on both legs with a deck-
mounted scalar irradiance quantum meter. Radiometric mea-
surement of attenuation of photosynthetically active light in
the water column was also measured with a submersible quan-
tum meter. Respiration of phytoplankton was estimated by
direct oxygen uptake and also by loss of previously fixed
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radiocarbon during the ensuing dark period. These data will
be used to calculate the quantum efficiency of photosynthesis
and will also be used in attempts to model primary production
in the Antarctic on a seasonal and geographical basis.

Cellular adaptation. The relatively low standing stock of phy-
toplankton in nutrient-rich antarctic waters most likely reflects
grazing pressure as well as loss of cells from the euphotic zone
by physical mixing processes. The ciD data indicated a "mixed
layer" in nearly all vertical profiles. The extent to which cells
have time to adapt, either chemically or physiologically, to
conditions at any depth will be controlled by the rate at which
the water is mixed in the upper layer. If the rate of turbulent
mixing is high, one would not expect to detect chemical or
physiological adaptation in cells as a function of depth. Our
studies with cells from various depths in the euphotic zone
suggest that cells do have time to adapt to conditions existing
at various depths. This is suggested by the following obsei-

vations:
1. In the many radiocarbon incorporation experiments in

which cells from various depths were exposed to a range of
light intensities, cells from deeper water showed photoinhi-
bitory effects much more than did cells from surface waters.

2. Absorption and spectral fluorescence characteristics
showed differences in cells from various depths in the water
column.

Many samples were taken for chemical analyses (carbon,
nitrogen, phosphorus, biogenic silica, adenosine triphos-
phate, lipid, protein, carbohydrate, and photosynthetic pig-
ments) to see if the differences in physiological characteristics
are also reflected in chemical composition of the cells. Data on
the species composition of these samples will also be consid-
ered in regard to interpretation of the physiological and chem-
ical information.

In addition to the study of phytoplankton, a limited number
of water and net samples were obtained at eight stations for
a preliminary examination of the species and numbers of
microzooplankton; these samples will be examined by J . R.
Beers at Scripps Institution of Oceanography.

Authors Paden and Holm-Hansen participated in both legs
of the Melville expedition; Hewes and Weaver participated in
leg 1, and Kiefer, Neon, and Sakshaug participated in leg 2.
This work was supported by National Science Foundation
grant DPP 79-21295.
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Bacterioplankton distributional
patterns and metabolic activities in

the Scotia Sea

F. AzAM, J . W. AMMERMAN, and N. COOPER

growth rates followed chlorophyll a profiles (rather than pri-
mary productivity profiles), suggesting that bacterial growth
was not directly related to the new photosynthate production
(figure). (4) Average population doubling times were 2-4
days. (5) Leucine and glucose pool turnover rates were rapid,
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We carried out a comprehensive study of the distributional
patterns and production rates of bacterioplankton during leg
2 of the Melville cruise. The bacterially mediated turnover of
selected dissolved organic matter (Dom) components was also
measured. These measurements were done at all stations and
generally at 12 depth intervals. The broad objectives of the
study were (1) to quantify the energy and material flow
through the bacterioplankton component of the food web and
(2) to evaluate the role of bacterioplankton in nitrogen and
carbon cycles in the study area.

Results available to date suggest the following general fea-
tures of bacterially mediated processes studied: (1) Bacterial
standing stocks were 200 million to 500 million bacteria per
liter, roughly equal to the standing stocks in southern Califor-
nia offshore water. (2) Bacteria were large; the average bacterial
volume was consistently and significantly (perhaps 50-100
percent) larger than bacteria in southern California water. (3)
The depth distribution of bacterio plankton occurrence and
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Bacterioplankton production rates and light profiles at station 141
(1-A); Bacterioplankton production rates and chiorophylla profiles
at station 142 (B). (Bacterloplankton production rates given in cells
produced per liter per day; chlorophyll  in micrograms per liter.)
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