
technique and instrumentation used. Isogeochemical plots of
element distribution are similar for those elements, which,
because of the number and arrangement of electrons around
their nuclei, respond similarly to geochemical processes and
environments. For example, one grouping of Fe, Cr, Ni and
Co, and another grouping of Cu, Zn and Pb, have been iden-
tified. This is reflected in the significant correlation coeffi-
cient estimates (at the 99 percent confidence level) between
the elements in each group (table 2).

To highlight some of the subtle distributional trends,
trend surface analyses will be prepared, and subsequent com-
parisons will be made to the sedimentological and
mineralogical trends.

We acknowledge National Science Foundation grant DPP
73-09317 for support of this program.
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Marine biology

Microbial life beneath the Ross Ice
Shelf

0. HOLM -HANSEN, F. AZAM, L. CAMPBELL,
A. F. CARLUCCI, and D. M. KARL

Scripps Institution of Oceanography
University of California, San Diego

LaJolla, California 92093

Biologically, the water column and sediments beneath the
Ross Ice Shelf represent one of the least studied environments
on earth. Due to the 400-600-meter thick ice cover, there is no
sunlight available to the water column and hence no prod-
uctive euphotic zone to serve as the source of reduced carbon
for all deeper living organisms. Our objectives during the
1977-78 field season of the Ross Ice Shelf Project were (a) to
estimate the abundance and biomass of planktonic organisms
in the water column and (b) to estimate the metabolic activity
of the microorganisms in the water column and in the sedi-
ments.

The 237-meter deep water column below the ice shelf was
sampled through an access hole drilled at site J-9, approx-
imately 400 kilometers from the open Ross Sea. Water sam-
ples were obtained by (a) hydrocasts with modified Van Dorn

bottles and (b) pumping with an impeller-type submersible
pump, taking samples at five depths (20, 66, 110, 154, and
200 meters) below the ice. It was not feasible to use our open-
ing-closing plankton nets because of the large amount of
diesel fuel remaining in the access hole from the drilling
operations. Sediment samples were obtained with a sphincter
corer (Ronan et al., 1978).

Bacterial abundance and activity. Bacterial abundance, esti-
mated by epifluorescent microscopy, was between 8.7 and 12
million cells per liter in the seawater samples and between 39
and 160 million bacteria per gram (dry weight) in the upper
10 centimeters of the sediment. The total microbial biomass
in the water samples, as estimated from measurement of
adenosine triphosphate (Karl and Holm-Hansen, 1976), was
between 0.04 and 0.5 nanograms ATP per liter; if a car-
bon/ATP ratio of 250 is used for microbial cells (Holm-
Hansen, 1973), the measured ATP levels would predict ap-
proximately the bacterial concentrations mentioned above.
Confirmation that these microbial cells were alive and
metabolically active was obtained by (a) micro-
auto radiographic studies showing uptake of radiolabelled
organic substrates, (b) respiration of radiolabelled substrates,
with release of labelled carbon dioxide, and (c) assimilation
of tritiated and radiocarbon substrates (glucose, thymidine,
uridine, ATP) and incorporation into the particulate material.

Phytoplankton. Water samples were preserved with buffered
formalin and examined for small microplankters using the
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Utermöhl inverted microscope procedure at 400X magnifica-
tion. Many small (2-10 microns in diameter), unidentified
"Monads" were seen, with the largest number of approx-
imately 10,000 cells per liter being found in the 200-meter
sample. A few naked dinoflagellates were seen. Larger
phytoplankton were counted in the pumped samples which
had been filtered through a 35-micron nytex mesh net. Be-
tween 10 and 200 cells per cubic meter were seen at all depths
sampled, and consisted mostly of pennate diatoms, together
with a few centric diatoms and dinoflagellates.

Zooplanklon. A few nassellarian radiolarians were seen in
the preserved net samples, in addition to the lorica of one tin-
tinnid which still retained the protoplast of the ciliate.
Metazoan forms observed included naupliar and post-
naupliar copepods of the genus Oithona. Several specimens of
another segmented metazoan, probably a polychaete larva,
were seen in the water sample from 20 meters.

The results of this year's field work thus indicates that
there are viable and metabolically active planktonic popula-
tions of organisms in the water column beneath the Ross Ice
Shelf. The data available do not permit us to conclude that
there is an operational food web in this cold and aphotic en-
vironment, as all the organisms seen in our samples might
merely represent the remnants of those populations existing
in the water mass advected from the open Ross Sea to beneath

the ice shelf. Resolution of such questions will depend upon
data on the residence time of water beneath the ice shelf, in
addition to further biological studies on rates of production
and trophic transfer in these populations living beneath the
Ross Ice Shelf. The field party for this work consisted of:
Farooq Azam, Lisa Campbell and David M. Karl.

We thank F. M. H. Reid and J. R. Beers for examination
of phytoplankton and zooplankton samples. This work was
supported by National Science Foundation grant DPP
77-26394.
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Microbial investigations in the
Ross Sea
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Working aboard USCGC Glacier from 19 December 1977 to
16 January 1978, we obtained data on plankton in the Ross
Sea and investigated the distribution, biomass, and metabolic
activity of microbes and plankton between New Zealand and
Antarctica. Eighteen stations were occupied—two north of
the Polar Front and five close to the Ross Ice Shelf between
Ross Island and the Bay of Whales (see map in Et-Sayed et
al., 1978).

Bacteria. The function of bacteria in antarctic waters is not
well understood. Sorokin (1971) and Pomeroy et al. (1969)
suggest that microbial activity is so depressed by low tem-
peratures that bacteria does not have significance in the food
web. Our results in McMurdo Sound, however, suggest that
bacterial biomass and activity in antarctic waters are com-
parable to those measured in temperate waters (Holm-
Hansen et al., 1977a). During the Glacier cruise, we took water
samples between the surface and 1,000 meters to determine
(a) total bacterial numbers as estimated by epifluorescent
microscopy, (b) rates of assimilation and respiration of

radiolabelled organic substrates, (c) bacterial uptake of
organic substrates as demonstrated by micro-autoradiogra-
phy, (d) the species and numbers of luminous bacteria, and
(e) the rates of conversion of nitrate, nitrite, and ammonia by
use of substrates labelled with nitrogen-15.

Nitrite was found at low levels (< 0.1 /AM) throughout the
upper water column, with no strong relationship to either the
nitrate or ammonium concentrations or to the light attenua-
tion profile. Simulated in situ incubations using 15N-labeled
substrates were done to investigate the source of the nitrite
present. The results of three experiments indicate that the
predominant source for nitrite is ammonium and not nitrate.
This finding is similar to that of experiments done off the
coast of southern California.

The numbers and species of luminous bacteria were
determined in water samples obtained between the surface
and 1,000 meters, and also from the guts of marine fish col-
lected in McMurdo Sound. Total numbers of luminous col-
onies grown on media were so low we could not determine
whether one temperature favored the isolation of one species
of luminous bacteria over another. The gut isolations were
done by direct plate smears and dilutions of the gut contents
in sterile sea water and subsequently spread plated onto Sea
Water Complete agar. In all, 96 luminous bacterial isolates
were obtained. Twenty-four of these were obtained in the
warmer waters off New Zealand. Nineteen were isolated from
deep (500-1,000 meter) waters north of the Polar Front. Four
came from the station in the convergence zone; all were
Beneckea harveyi, considered a warm water species. Ten iso-
lates were obtained from McMurdo Sound and along the
Ross Ice Shelf, and 39 came from the guts of the fish Tre-
matomus bernacchhi. P/zotobacterium phosphoreum accounted for 50
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