
12h	16	20	24	04	08	12	16

time dec. 20,1976	dec.21

Figure 7. Daily variations in temperature of air and of
Beacon sandstone rock. Valley between Mount Thor and
Mount Baldr, elevation 1575 meters. "Warm" face of rock
(with cryptoendolithic lichen) facing northwest: (a) surface
of rock, (b) 3 centimeters deep in the rock. "cold" face of
rock facing southwest (no lichen), (c) surface of rock, (d) 3

centimeters deep in rock, (e) air.

Jon 0. Brunson participated in the field work at McMur-
do Station. His constant help and cooperation in collecting
and in meteorological measurements is acknowledged.
Roseli Ocampo- Friedmann helped in preparation of the
manuscript. This research is supported by National Science
Foundation grant DPP 76-15517.
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Figure 8. Daily variations in temperature of air and of
Beacon sandstone rock. Third lateral valley on east side of
Beacon Valley, open to northwest, elevation 1900 meters.
"Warm" face of rock (with cryptoendolithic lichen) facing
southwest (a) surface of rock, (b) 3 centimeters deep in
rock; "cold" face of rock facing southeast (no lichen), (C)

surface of rock, (d) 3 centimeters deep in rock, (e) air.
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Microbial distribution and activity
in and around McMurdo Sound
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Our objectives in 1976-1977 were (a) to evaluate the im-
portance of microbial populations in food chain dynamics in
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Date sampled
(1976-1977)

27 Jan.

14- 15 Jan.

22 Dec.

23 Jan.

26 Dec.
29 Dec.
21 Jan.

22 Jan.
24Jan.
30 Dec.

Site

East side
Cape Evans

Aussie hole

No. 3 hole

White Island

West side
Minna Bluff

Heald Island
(Koettlitz Glacier)

Cape Chocolate

New Harbor

Location

77°38'S. 166°24'E
1 km west of

McMurdo Station
5 km west of

McMurdo Station

78° 15. 167 021 'E

78°30'S. 167°12'E

78 0 13'S. 163054'E

77°57'S. 164°38'E

77 0 38'S. 163050'E

Depths sampled
(m)

2, 10, 15,50
100,200

10, 50, 100,
200, 300, 400

15.50

50
15, 25

50, 75, 150

15, 25, 50

5. 23

antarctic waters and (b) to obtain data relating to the
distribution, abundance, and metabolic activities of under-
ice microbial populations. This latter information will be
useful for devising experiments in conjunction with the Ross
Ice Shelf Project. Water samples were obtained in McMurdo
Sound (see table) and were analyzed for chemical and
microbiological parameters. Our sampling was predicated
on the benthic biological observations of Dayton and Oliver
(personal communication) regarding the differences be-
tween the extremely dense infaunal populations of eastern
McMurdo Sound as contrasted to the low-density western
McMurdo Sound stations. Based on these differences,
Dayton and Oliver (1977) conclude that the waters on the
east side of McMurdo Sound are eutrophic and character-
ized by southward moving currents, whereas the waters on
the west side of McMurdo Sound originate from beneath the
Ross Ice Shelf and are oligotrophic.

Microbial biomass. Figure 1A presents some represen-
tative data for the vertical distribution of dissolved and par-
ticulate adenosine triphosphate (D-ATP and P-ATP) in the
water column at No. 3 hole (table). The PATP data indicate
that the biomass (ATP x 250; Holm-Hansen, 1973) of
microbial cells in these waters ranges from 163 micrograms
of organic carbon per liter in the surface waters to a
minimum value of 6 to 7 micrograms organic carbon per
liter at a depth of 300 meters. These results are comparable
to data obtained from vertical profiles taken in temperate
eutrophic coastal waters (Holm-Hansen, 1969). When dif -
ferential filtration techniques (Azam and Hodson, 1977) are
combined with the ATP methodology, our results suggest
that at least 10 percent of the total biomass in the surface
waters was due to bacterial-sized cells (less than 0.6 micron
in smallest dimension). Bacterial cells were also enumerated
using direct microscopy, and the results indicate that the cell
numbers at most of the sample sites listed in the table were
approximately 100,000 bacteria per milliliter. These
numbers are comparable to the density of bacterial cells
found in fairly eutrophic coastal waters of southern Califor-
nia, and much greater than the concentration of cells in
open ocean ecosystems. Most of the cells were rod shaped
with mean dimensions of 0.5 to 1.0 microns by 1.0 to 3.0

microns, which is larger than the average bacteria collected
off the pier at Scripps Institution of Oceanography.

The total microbial biomass as determined by ATP
analyses indicates a pronounced difference between the east
and west sides of McMurdo Sound. The concentration of
particulate ATP in surface waters at the eastern sites (table)
ranged from 600 to 800 nanograms of ATP per liter except
for White Island where it was about 300 nanograms per
liter; concentrations at Heald Island, Cape Chocolate, and
New Harbor were in the range of 100, 200, and 200 to 400
nanograms of ATP per liter respectively. These results sup-
port the hypothesis proposed by Dayton and Oliver (1977)
suggesting significant differences in planktonic productivity
within McMurdo Sound.

Microbial activity. Figures lB and 1C present some
representative data on the heterotrophic activity of
microbial cells at No. 3 hole. The results indicate that the
relative rates of uptake (percent per hour) of both 3H-
labelled ATP (figure 1B) and 3H-labelled glucose (figure 1C)
are similar throughout the water column. Assuming that
most of the labelled organic substrates will be assimilated by
the bacterial populations rather than by phytoplankton
cells, these data suggest that about 30 to 50 percent of the
heterotrophic activity is associated with cells retained on a
0.6-micron filter.

The rate of uptake of ATP by microbial cells in these
waters can be calculated as we have data on the total dis-
solved ATP (figure 1A) and the rate of assimilation of la-
belled ATP. When expressed as nanograms of ATP per liter
per hour, these absolute rates ranged from 139 (No. 3 hole)
and 105 (Aussie hole) to 7 (Heald Island) and 15 (Cape
Chocolate). These data demonstrate the marked differences
in heterotrophic activity between the two sides of McMurdo
Sound.

Micro- radioautographic studies of water samples revealed
that approximately 50 percent of the total bacterial cells
were metabolically active with respect to the added
substrates.

Figure 2 shows the temperature dependence of the
assimilation of 3 H-labelled ATP by the microbial populations

Location of McMurdo Sound sites where water was obtained for microbiological studies.
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within surface water samples collected at a variety of
McMurdo Sound stations. These results indicate that be-
tween 0 0 and 8°C the microbial populations maintain a
maximal level of metabolism; at temperatures higher than
8°C rates of assimilation are dramatically decreased. The
absolute rates of ATP assimilation at 0°C in the waters of the
east side of McMurdo Sound (105 to 139 nanograms per 100
million bacteria per hour) are similar to rates observed at
15-20°C in the moderately eutrophic temperate coastal
waters off La Jolla, California. These data suggest that
temperature is not one of the factors limiting growth of
heterotrophic microbial populations in antarctic waters.

Other measurements. We used aliquots of the same water
samples for determination of chlorophyll, inorganic
nutrients, dissolved organic carbon, nitrogen, and
phosphorus, and photosynthetic potential. Samples were
preserved for floristic analyses. Preliminary data from these
preserved samples indicate that the phytoplankton crop was
very high at the Aussie hole (76 micrograms of cellular
organic carbon per liter) as compared to the low density of
cells within the surface waters at Heald Island (7.3
micrograms of carbon per liter). The species composition of
the phytoplankton also varied dramatically between these
two sample sites; at the Aussie hole the phytoplankton were
dominated by diatoms, thecate flagellates, and the silico-
flagellate Distephanus speculum, whereas at Heald Island
naked dinoflagellates, flagellates, and monads accounted
for most of the phytoplankton crop.

Concomitant with our microbiological studies, R. L.
Michel obtained water samples at most of the sites listed in
the table for analysis of tritium, carbon-14, and humic
acids. These studies, under the direction of P.M. Williams
and R.L. Michel, will be informative in regard to flow pat-
terns in eastern and western McMurdo Sound. They also
constitute components of long-term chemical studies in ant-
arctic waters (Michel and Suess, 1975; Williams and Linick,
1975).

Figure 1. Distribution of
dissolved and particulate
ATP and heterotrophic
microbial activity as a
function of depth at No. 3
hole. (A) Dissolved ATP
(nanograms per liter) A ;
total particulate ATP
(nanograms per liter) 0. (B
and C) Relative rates of
assimilation of 3 H-ATP and
3 H-D•glucose (percent per
hour) respectively, by total
microbial populations
(particles greater than 0.2
micron in lesser diameter)
0; and by cells greater
than 0.6 micron in lesser

diameter .

Figure 2. Temperature
dependence of 3H(2,8)
ATP uptake by natural
microbial populations.
Each data point repre
sents the mean value for
surface water collected at
the following five sample
locations: Aussie hole,
Cape Chocolate, White
Island, Heald Island, New
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Ross Ice Shelf Project—benthic
biology, 1976-1977

JERE H. Lis and TED E. DELACA

Department of Geology and Institute of Ecology
University of California, Davis, California 95616

A chief objective of the Ross Ice Shelf Project since its in-
ception has been to determine whether or not life exists
under the shelf far from the open ocean, and if so its nature
and interrelationships. Four possibilities have been pro-
posed: (1) no life exists at all because the ice cover prevents
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surface productivity necessary for a biota to exist
(Zumberge, 1971), (2) a biota uniquely specialized to life
under the Shelf exists (Zumberge, 1971), (3) a biota is pres-
ent that is similar to those found at the same depths in ice-
free waters of Antarctica (Arnaud, 1975), and (4) a high
diversity, low standing crop assemblage exists in the possibly
low-nutrient conditions under the ice. There is no evidence
as yet to support any of these views (Lipps et al., 1977). We
anticipated that either 3 or 4 was most probable, hence de-
signed a sampling program specifically with those
possibilities in mind.

During the 1976-1977 season, our plan was to sample
through the RISP access hole with television and photo
cameras, traps, hook and line, and a specially designed
sphincter sampler. Before arriving in the field, we were in-
formed of the possible failure to attain an access hole; thus
we embarked on our alternative objective of studying the
benthic biota near McMurdo Station for later comparison to
samples obtained at the RISP drill site. We especially concen-
trated our studies on smaller organisms, such as
foraminifera and isopods. On 8 December 1976, T.E.
DeLaca and N.K. Temnikow of the University of California,
Davis, and R.R. Hessler and G. Wilson of Scripps Institu-
tion of Oceanography arrived at McMurdo Station to begin
work, andJ.H. Lipps of Davis arrived on 20 December.

Collections and observations were made using both scuba
and remote samplers from six areas near McMurdo Station:
Cape Bird, Cape Royds, Cape Evans, a central area of
McMurdo Sound, New Harbor, and from ice cracks at Min-
na Bluff (figure 1). Work was concentrated at New Harbor
because semipermanent sea ice covers relatively shallow bot-
toms of sediment derived chiefly from glacial activity, and
the water column appears to have a lower organic content
than open sea water. The western side of McMurdo Sound
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SOUND	 ISLAND

Taylor
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McMurdo
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Figure 1. Map of McMurdo Sound showing the locations of our sampling program, with enlargement of the New Harbor
locality adjacent to Taylor Valley where a more intensive study was undertaken. 1 = Cape Bird, 2 = Cape Royds, 3 = Cape
Evans, 4 = central area of McMurdo Sound, and 5 = New Harbor. An additional location was the ice cracks near Minna Bluff

(78-30'S. 1670E.).
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