(5) The species distribution and total biomass of phytoplankton cells from the surface to 100 m depth, to
be determined on preserved samples. (6) The natural
radiocarbon activity of phytoplankton, zooplankton,
and bathypelagic Crustacea and fishes. These data will
be assessed to determine the rate of transfer of photosynthetically fixed carbon from sea surface into the
deep ocean.
Most of the above samples are still being analyzed,
but we do have some data on dissolved vitamins, microbial biomass, and particulate nitrogen and carbon.
In 120 samples studied for dissolved vitamins, B 1 was
found in only a few samples, and hence its concentrations in these waters are extremely low or nil. The
concentrations of vitamin B 12 ranged from 0 to 3.2
nanograms per liter, with the higher concentrations
being found in waters between 125 and 250 m and at
approximately 1,000 m. The total microbial biomass
as estimated by ATP determinations was fairly low
north of the Antarctic Convergence (averaging about
20 to 40 jig organic carbon in living cells per liter)
and close to the continent. At stations 4 and 5, which
were in or close to the Convergence, ATP determinations indicated a biomass of 50 to 100 jig carbon per
liter, which represents about 50 to 75 percent of the
total organic carbon concentration. The total particulate organic carbon values in the euphotic zone ranged
from 30 to 200 jig carbon per liter. In all profiles the
particulate organic carbon decreased rapidly at depths
between 200 and 500 m, below which it ranged from
about 2 to 10 jig carbon per liter. The carbon-nitrogen ratios of the particulate matter ranged from about
4 to 10, without any significant variation with depth.
Our data on microbial biomass, chemical composition of the plankton, and chemical composition of the
particulates and dissolved material at various depths
will be correlated with other data (e.g., primary production and respiration rates) when available from
other Cruise 46 investigators.

Absorption of soluble organic
compounds by polar marine
zooplankton
M. A. MCWHINNIE and R. J . URBANSKI

Department of Biological Sciences
DePaul University

Zooplankton species collected from the deep scattering layer in the Indian Ocean sector of the south
circumpolar waters were studied during the antarctic
summer of 1970-1971 on Eltanin Cruise 46. Animals
were collected with a 1-m Isaacs-Kidd midwater trawl
principally from 500 m to the surface; some collec156

tions were made from 1,000 m. In the pack ice vertical
hauls were made with a 1-rn net (502-micron mesh) in deference to the hazards of towing. Members of the
zooplankton populations, representing five phyla and
eight genera, were measured for whole organism respiration and carbon-14 glycine absorption from sea
water.
Considering the possibility that heterotrophic bacteria are mediators in the transfer of soluble organic
compounds from sea water to phytoplankton-feeding
species, animals were treated with antibiotics (streptomycin and penicillin). Respirometric measurements
were made to determine the effect of antibiotics on
the zooplankton species whose absorption of amiho
acid was being studied.
All animals were studied at 1 ° or 3°C. and were
maintained in sea water. Subsequently animals were
incubated in C 14 -glycine-labelled (filtered) sea water
and were passed through several changes of filtered
(Millipore, 0.45ji) sea water before and after each experimental study.
The data show a considerable range in oxygen consumption, with chaetognaths (Eukroh nia hamata)
showing the highest values (11 to 12 jii oxygen per mg
of protein per hour), followed decreasingly by a pteropod mollusc (Clione antarcticus), polychaete annelid
(Tomopteris carpenteri), amphipod crustacean (Parathe7nisto gaudichaudii), and euphausid crustacean
(Euphausia triacantha) (2.4 ji1 oxygen per mg of protein per hour).
Treatment of these animals with 200 mg streptomycin sulfate per liter of sea water or 500,000 units penicillin per liter of sea water resulted in an increase in
oxygen consumption. Any change in respiration induced in an organism as a consequence of exposure to
a pharmacological agent must be explained on the
basis of some physiological effect on the animal. This
action, whether stimulatory or inhibitory, must be recognized when assessing the extent of absorption of soluble organic compounds from environmental sea
water. The increase in oxygen consumption ranged
from small (5 to 10 percent) and not numerically significant, to large, significant increases (80 to 90 percent) depending upon the duration of exposure to the
antibiotic (1 through 48 hours).
As in the case of oxygen consumption, C14-glycine
absorption from sea water varied with the species employed. Ranked from the highest absorption to the
lowest, the following species were studied: Calanoides
acutus (Crustacea; Copepoda), Clione antarcticus
(Mollusca; Gastropoda), Tomopteris carpenteri (Annelida; Polychaeta), Eukrohnia hamata (Chaetognatha), Euphausia triacantha (Crustacea; Euphausiacea), hydrozoan medusa (Coelenterata; Hydroida),
hydrozoan nectophore (Coelenterata; Siphonophora),
and Parathemisto gaudichaudii (Crustacea; Amphipoda). Animals treated with antibiotics showed an' inANTARCTIC JOURNAL

crease (over that of untreated animals) in amino acid
incorporation, which also varied with the duration of
exposure to the antibiotic.
These studies support and extend those reported
earlier (McWhinnie and Johanneck, 1966) and will
be, pursued to ultimately disclose the role of soluble organic compounds in the nutrition of zooplankton species which are adapted to high latitudes and are generally phytoplankton feeders.
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Microbiology of antarctic sea water
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Surface water from the Antarctic is rich in primary
nutrients. The principal means for the regeneration of
primary nutrients (mineralization of organic matter)
in the sea is the metabolic activity of marine bacteria. However, for many years microbiologists
thought that true cold-loving (obligate psychrophilic)
bacteria did not exist. If this were the case, then the
metabolic activities of marine bacteria in the regeneration of primary nutrients in cold waters would be extremely slow (based on the Q i o rule).
We first isolated obligate psychrophiles in 1963
(Morita, 1966). Since that time our investigations on
the physiology of these psychrophiles strongly indicate
that these thermal types of bacteria should receive primary consideration in any microbiological research in
antarctic waters. In addition, we have been employing
a modified kinetic approach (Wright and Hobbie,
1965 and 1966; Hobbie and Crawford, 1969) to determine the rate of in situ microbial activities in an
eutrophic lake (Burnison and Morita, 1971). It is
hoped that as a result of our wide-based approach we
can determine in situ activity of psychrophilic bacteria
during the process of normal mineralization in antarctic waters. Cruise 46 of USNS Eltanin afforded us an
opportunity to test out our ideas and concepts.
Uniformly labelled carbon-14 substrates were used
for measuring uptake and respiration (mineralization). Different concentrations of these substrates
were added to a known volume of a water sample and
incubated at the temperature from which the water
sample was obtained. These results permit us to Undcrtand the activity of natural microbial populations
and their rate of assimilation and utilization of organic substrates. The track of Cruise 46 did not include the extremely productive near-shore waters of
September—October 1971

the Antarctic. Nevertheless, our results indicate that a
significant degree of mineralization takes place in the
ice-laden offshore water. Highest activity was observed near the Antarctic Convergence (station 4)
and the easternmost station near the ice shelf (station
8). The microbial activity at stations north of the
Antarctic Convergence was nearly unmeasurable.
Using water samples taken near the ice shelf (water
temperature was —1°C.) we demonstrated the psychrophilic nature of the microbial flora. Significant microbial activity was observed even at —3°C. (lowest
temperature tested). Activity increased with increasing temperature with maximum activity at 3°C. Temperatures higher than 3°C. depressed the microbial
activity.
Bacterial isolates from Cruise 46 proved to be extremely interesting. The maximum growth temperatures of some of these isolates are the lowest ever recorded. Interestingly, many microbiologists working in
the Arctic as well as the Antarctic never have obtained obligate psychrophilic bacteria because of the
method of isolation employed or by the use of wrong
source material. The importance of correct sampling
and isolation procedures cannot be overemphasized.
Our preliminary investigations definitely indicate
that there is a significant amount of microbial activity
in antarctic waters and that we are dealing with a
unique thermal class of bacteria. These initial investi gations will permit us to design further research on
the microbiology of antarctic waters.
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Observations of net solar radiation
for oceanic biological study
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To determine the spectral distribution of solar radiation made available for primary productivity,
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