ponents to determine the magnitude of isotope fractionation, if any, as carbon is transfered from one
trophic level to another.
2. To determine dissolved organic carbon (DOC)
and particulate organic carbon (POC) in the sea,
sea surface slicks, ice, snow, rain, interstitial water in
sediments, and the sediments themselves, since a
knowledge of the amount of carbon transfered
is necessary for understanding changes in isotopic
composition.
3. To collect a suite of gravity cores to apply the
knowledge developed in this study on carbon isotope
variations in the antarctic marine ecosystem for
understanding the paleomarine ecosystem and the
paleodepositional environments as seen in the antarctic marine sediments.
All these programs were largely realized. A summary of the samples collected is given in the table on
page 179.
This work was supported by National Science
Foundation grant GV-24754.

Heterotrophic potential of
antarctic marine microorganisms
R. Y. MORITA, R. P. GRIFFITHS, and S. S. HAYASAKA
Departments of Microbiology and Oceanography
Oregon State University
Our studies during USNS Eltanin Cruise 51 were
a continuation of those made by Morita et al.
(1971) during Cruise 46. Our main objective was
to measure the extent of microbial participation in
the mineralization process in antarctic waters. The
rate at which this process proceeds has important
implications in determining the route of energy flow
through the biosphere as well as determining the potential inorganic nutrient recycling rates associated
with microbial activity.
We used a modification of a technique first described by Wright and Hobbie (1965 and 1966) and
Hobbie and Crawford (1969). This technique involved incubating sea water with various concentrations of uniformly labeled carbon-14 substrates in the
dark at in situ temperatures. By measuring the
amount of label appearing in the evolved carbon
dioxide and in the cell fraction, one can calculate
the time required for the natural microbial population
to turn over the natural substrate concentration.
From these data the maximum rate at which the
microorganisms can take up a given substrate (Vmax)
can also be calculated.
We also isolated bacterial strains from sediments,
benthic organisms, melted ice, and sea water taken
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from all depths. It was hoped that this would give
us the widest possible sampling of microorganisms for
future study. By using pure cultures from these
sources we hope to duplicate, under more stringent
laboratory conditions, the type of data obtained from
the actual sea water samples. Initial studies of
growth-temperature characteristics and substrate
utilization already have given encouraging results.
For example, many of the isolates have maximum
growth temperatures below 15°C.
Because of the extremely low water temperatures
in antarctic surface waters, we were particularly interested in the effect of incubation temperature on
measured heterotrophic potential (V max ). In most
water samples studied, there was a marked increase
in V. with increased incubation temperature within
the — 2.5 0 to 11.0°C. range. In most cases, there
was a significant reduction in substrate uptake above
11°C. These data indicate that, to avoid obtaining
erroneous estimates of heterotrophic potential, in
situ temperatures must be used.
Fourteen different labeled substrates were evaluated for their ability to be taken up by marine
microorganisms. In most water samples tested, serine,
alanine, and glutamate were taken up at the highest
rate. Three of the substrates (ribrose, sucrose, and
glycerol) showed little or no uptake. Even though
the Vmax varied with substrate used, the relative levels
of uptake for all substrates were surprisingly constant
in any given water sample. There was also a relatively high degree of consistency in the measured
percent respired (the measured radioactivity associated with carbon dioxide relative to the total radioactivity taken up by the organisms) for each of the
substrates. In most cases, malate, glutamate, and
aspartate showed the highest respiration percentages.
It is probably significant that all of these substrates
are closely associated with the Krebs cycle.
Heterotrophic potential was measured using glutamate at each of the first 17 stations. In general, the
lowest activities were measured at the stations north
of the Antarctic Convergence; the highest (stations
10, 11, 14, and 15) were at or near the Ross Ice
Shelf. Heterotrophic potentials also were calculated
with depth at several stations. In most cases, the
highest turnover was measured within or just below
the photic zone and little, if any, was measured below
500 meters.
This work was supported by National Science
Foundation grant GV-27057.
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Distribution and composition
of particulate and dissolved
organic matter in antarctic waters
A. F. CARLUCCI, 0. HOLM-HANSEN,
and P. M. WILLIAMS
Institute of Marine Resources
University of California, San Diego
Our program on Eltanin Cruise 51 was concerned
primarily with the distribution and chemical composition of organic materials in the water column and
with the distribution and activity of microbial cells.
Most of our samples were from the upper 250 meters
of the water column, although some water and
benthic samples were taken down to 4,900 meters as
time and water depth permitted. Fourteen stations
were occupied. All samples were frozen and transported back to our laboratories for studies pertaining
to these topics:
Distribution of microbial cells. The total microbial
biomass throughout the water column was estimated
by measurement of adenosine triphosphate concentrations. Phytoplankton biomass will be estimated from
the chlorophyll concentrations (data of El-Sayed) or
from floristic analyses of formalin-preserved samples.
The microbial biomass in the euphotic zone at all
stations ranged from about 25 to 150 micrograms of
organic carbon per liter, with the richest stations
being in the Ross Sea. Samples from depths of 1,000
meters or more had biomass values ranging from
0.02 to 0.5 micrograms of carbon per liter.
.Itrogen assimilation. The rate of nitrate assimilation in phytoplankton was determined by measurement of the rate of incorporation of nitrogen-l5labeled nitrate. Samples also were tested for nitrogen
fixation by use of the acetylene reduction technique,
but no fixation of molecular nitrogen was detected
at any of the stations.
Transfer of organic carbon in the food chain. The
extent to which bomb carbon-14 (from the 1961-1962
tests) has been incorporated into the food chain
throughout the water column is being studied by
measurement of the carbon-14/carbon-12 contents in
September-October 1972

organisms. Samples were obtained by pelagic net
tows at 12 stations from the surface to 3,000 meters
and by a benthic sled at three stations.
Vitamins. Samples throughout the water column
were obtained at all stations for the analysis of the
concentrations of vitamins B 1 , B 12, and biotin in solution or contained in the particulate material. These
are currently being assayed by bio-assay techniques.
Elemental composition of organic material. The
particulate material was concentrated by filtration
through glass fiber filters for analysis of total organic
carbon, nitrogen, and phosphorus. The filtrate was
frozen for subsequent analysis of dissolved organic
carbon, nitrogen, and phosphorus.
Gross chemical composition of particulate material
and plankton. Both filtered and net samples were
obtained for analysis of total protein, carbohydrate,
and lipid contents.
Specific chemical composition of particulate material and plankton. Net samples of phytoplankton
and zooplankton were obtained for analysis of the
molecular constituents of the protein, lipid, and carbohydate fractions. An in situ pump which filters
about 600 liters per hour through a 28-centimeter
glass fiber filter, was used to obtain particulate material from representative depths throughout the
water column. This particulate material will be subjected to hydrolysis and subsequent chromatographic
analysis of the major chemical fractions.
Chlorinated hydrocarbons. Samples for analysis of
pesticide residues and polychlorinated biphenyls were
obtained from marine aerosols (collected between 11
stations by pulling air through glass fiber filters),
from surface films, from snow and ice, from particulate material at representative depths between 100
and 1,000 meters, and from diverse animal species
in the water column or benthic samples.
Distribution of mercury. Samples for analysis of
total mercury content were obtained from water
samples from the surface to 4,900 meters at 14 stations, from snow and ice samples, from marine detritus from 100 to 1,000 meters depth, from sediment cores (0- to 40-centimeter cores taken from
540 to 3,100 meters depth), and from all organisms
collected from the surface to 4,000 meters as well as
from the benthic fauna.
This work was supported by National Science
Foundation grant GV-27 110.

Also participating in investigations during Eltanin Cruise
51 was T. J . Carryer, representing Professor G. A. Knox,
Zoology Department, University of Canterbury, New Zea
land. Mr. Carryer's report will appear in the NovemberDecember 1972 Antarctic Journal.
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