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Because of the relatively low light levels which exist in and
beneath the annual sea ice of McMurdo Sound, we postulated
that chemosynthesis may have an important role in the overall
primary production of this region. Chemosynthesis uses re-
duced compounds, including ammonium, nitrite, methane,
and hydrogen sulfide. The energy generated from the oxidation
of these reduced compounds, is used by certain bacteria to
assimilate carbon dioxide into cellular material. Because am-
monium is the most likely of these substrates to exist in the well
oxygenated waters of McMurdo Sound (Littlepage 1965), nitri-
fication, i.e. the oxidation of ammonium to nitrate ion, should
be the predominate chemosynthetic pathway in these waters.

Nitrification measurements were made on ice and pelagic
communities at 4 sites in McMurdo Sound: (1) near the tip of the
Erebus Ice Tongue, (2) the western portion of Wohlschlag Bay,
(3)10 kilometers east of Marble Point and (4) approximately 200
meters off Cape Armitage. Nitrification rates were determined
by measuring dark carbon-14/bicarbonate fixation with and
without the specific nitrifier inhibitor nitrapyrin (2-chloro-6-
trichioromethyl pyridine) (Billen 1976; Priscu and Downes
1985).

Pelagic nitrification under annual ice between 20-27 De-
cember 1985 ranged from below detection to greater than I
micromole of carbon per cubic meter per hour (table). The
highest rates were obtained just beneath the sea ice. Taking 300
meters as the average depth of McMurdo Sound, and assuming
that nitrification rates in the upper 25-50 meters are representa-
tive of deeper water, we estimate that nitrifying bacteria can
contribute between 40.8 and 135.0 (mean = 84.4) micromoles of

carbon per square meter per hour of new carbon to this region.
Palmisano et al. (in press) estimated phytoplankton production
under the annual ice in the eastern portion of McMurdo Sound
to be about 2,000 micromoles of carbon per square meter per
hour (assuming a 3 meter deep euphotic zone). Using their
carbon dioxide uptake per unit chlorophyll a ratio in conjunc-
tion with the chlorophyll a values we measured on the western
side of McMurdo Sound, phytoplankton productivity in the
latter region can be estimated at 225 micromoles of carbon per
square meter per hour. The depth-integrated (0-300 meters)
nitrification rates computed in the present study represent
about 21 percent of total hourly phytoplankton primary pro-
duction in McMurdo Sound. The largest contribution by nitri-
fiers (approximately 37 percent) occurred on the western side of
the Sound where phytoplankton photosynthesis was lowest.
These proportions can be expected to change seasonally; the
greatest contribution by nitrifying bacteria should occur during
winter, spring and early summer when photoautotrophic pro-
duction is low (Palmisano et al. in press).

Horrigan (1981) concluded that carbon dioxide fixed by chem-
oautotrophic nitrifying bacteria under the Ross Ice Shelf (site J9)
may be an important contributor to the overall primary produc-

Nitrifying activity measured in and under annual sea ice in
McMurdo Sound, Antarctica, 20-27 December 1985. ("WB"

denotes "Wohlschlag Bay"; "MP" denotes "Marble Point"; "EIT"
denotes "Erebus Ice Tongue"; "CA" denotes "Cape Armitage";

"ND" denotes "not detectable"; dashes denote no data
available.)

	

WB	MP	EIT	CA

Micromoles of carbon

Pelagic	 per cubic meter per hour

Depth
(in meters)

0	 0.80	1.02	0.38	-
12	 -	-	0.04	-
25	 0.05	ND	0.10	-
50	 0.05	0.01	-	-

Micromoles of carbon
per square meter per hour

Integrated
(0-300
meters)	135.0	77.4	40.8

Micromoles of carbon
per square meter per hour

Sea ice	0.01	1.61	2.03	2.20
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tion there. Our results indicate that nitrifier activity may also be
an important pathway of carbon dioxide fixation in the water
under annual sea ice at certain times of the year.

Carbon dioxide fixed by nitrifiers in the bottom 20 cen-
timeters of congelation ice averaged 1.5 micromoles of carbon
per square meter per hour (table). The rate of carbon dioxide
fixation by nitrifiers in congelation ice was less than 0.05 percent
of the primary productivity by congelation ice microalgae (ap-
proximately 3,796 micromoles of carbon per square meter per
hour (Palmisano et al. 1985). However, nitrification in sea ice
may play an important role in the nitrogen cycle within the ice
which deserves further attention.

In conclusion, carbon dioxide fixation by nitrifying bacteria
during our study period was an important component of pel-
agic primary production under the annual ice of McMurdo
Sound but was a small component of primary production with-
in the sea ice. Because nitrifying activity is not light mediated,
this avenue of primary production can predominate during the
austral winter when photoautotrophic production is minimal.
Therefore, on an annual basis, chemoautotrophic nitrifying
bacteria may supply a significant amount of new organic carbon
to the region which can provide basal support to higher trophic
levels when photoautotrophs are absent or inactive. A seasonal
and spatial study would be required to test this hypothesis
thoroughly.
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Sea-ice pressure ridge microbial
communities
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Significant biological material has been found within ant-
arctic sea ice and, because of the unique ecological setting, this
material has been called sea-ice microbial communities (e.g.,
Ackley, Buck, and Taguchi 1979; Garrison, Ackley, and Buck
1983; Sullivan and Palmisano 1984). Depending on the ice for-
mation mechanisms, season, and particular region, these com-
munities have differing characteristics. We have broadly classi-
fied the communities into surface, interior, and bottom depend-
ing upon where within the ice the community is found. Within
this broad framework, there is high variability that appears to be
more directly linked with variations in ice structure and overall
morphology of the ice cover (Clarke and Ackley 1984).

Pressure ridges—the ice pileups above and below the ice
surface that result from pack ice deformation—apparently con-
tribute unique environments for the development of ice micro-
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bial communities. The significance of pressure-ridge commu-
nities to the total productivity of the pack ice is linked to the
level of deformation resulting in increased ridge density of one
region compared to another.

In this article, two mechanisms are described which can lead
to the development of microbial communities near pressure
ridges. The first mechanism is associated with the initial ridge
formation process which occurs during deformation periods in
the interior regions of the pack ice. The second effect arises after
the ridges have formed and is related to floe breakup processes
near the ice edge in the decay phase of the pack ice cycle.

The first mechanism is illustrated in figures la and lb. The
pressure-ridge building causes ice blocks to be loaded onto one
of the two overriding ice sheets. As the sheet is loaded, it cracks
at some radial distance from the loading and the edge of the
sheet between the blocks, and the crack is deflected below sea
level. Surface flooding occurs which leads to the gray-white
appearance of the snow cover just adjacent to the ridge. If an
appropriate seed population is available in the water column
and appropriate temperatures and light levels are present, a
bloom of phytoplankton can occur in the flooded areas on the
ice floes. These would then be called "surface communities" in
our previous classification. During the 1981 joint U.S-U.S.S.R.
Weddell Polynya Expedition, we obtained a sample of one of the
communities apparently formed by this process. We found a
chlorophyll a concentration of 43 milligrams per cubic meter,
which was about 10 times that found in ice cores from adjacent
flat areas of the ice floe (Clarke and Ackley 1984). The species
composition of the ridge samples was dominated numerically
by Tropidoneis glacialis (more that 90 percent) while the cores
contained T. glacialis but in much lower percentages. Oxygen
isotope analysis determined how much of the ice sample was
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