in a skuary near Cape Crozier, one was south of
Miers Valley (about 500 rn above Lake Miers), and
two were on the Kar Plateau near Granite Harbor.
A 400-rn2 quadrat was laid out for detailed investigation at each site. Small ponds, one each near three
of the quadrats, were included in the studies because
they contained lush growths of blue-green algae.
Soil and water samples were taken and preliminary
analyses made of them. Nitrate and ammonium were
detected in a very wide range of concentrations.
Large quantities of urea were found in guano taken
from the Cape Crozier Adélie penguin rookery.
Air, soil (surface and subsurface), and rock-surface
temperatures, relative humidity, soil moisture, wind
speed and direction, light intensity, and total sky
radiation were measured. Maximum and minimum
temperatures were recorded near the soil surface at
various intervals of time during the summer; such
readings for the winter will be determined early next
season by thermometers presently in the field. In the
1968-1969 field season, all observations will be continued on a more intensive basis and additional
parameters will be monitored.
Preliminary results suggest that moisture and type
of nitrogen source are the primary determinants of
plant distribution, with moisture probably being the
more significant because it enables biological activity
to occur in the first place and because the presence
of moisture modifies a number of other soil and
microclimatic factors, including the quantity and type
of nitrogen source. Related to soil moisture, and to a
large extent influencing it, are the soil's orientation
with respect to the noon sun and exposure to wind.
Small topographic features, such as knolls, can combine with the last two factors to determine the availability of soil moisture and thus the distribution of
plants. Numerous examples of such environmental
interactions were observed in various permutations
and combinations at Cape Royds, Cape Crozier, and
Kar Plateau.
Lichens, algae, and mosses were collected at each
site. When they have been identified and enough
observational data have been obtained, their distributions will be correlated with the environmental factors studied in the field. A number of species from
each area will be isolated into pure culture to determine their nitrogen-source preferences, temperature
requirements, and ability to fix atmospheric nitrogen.
Observations made during the first season indicate
that there are definite associations of lichen, algae,
and moss species. Laboratory and field studies will be
undertaken to detect interactions among these plants.
Next season, most work will be done in the field.
As much weather and microclimatic data as possible
will be collected to permit a comparison of the climates of the study areas. Additional soil, water, and
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plant collections will be made for the correlation
analyses. Radioisotopes will be employed to study ion
and nutrient uptake. The acetylene-reduction technique will be used to detect nitrogen-fixing systems in
soil and water samples, and the plants themselves will
be tested for nitrogenase activity.
Mr. Paul R. Theaker assisted in all phases of the
field and laboratory studies.

Sub-Ice Observations of
Ross Sea Benthic Marine Algae
JACQUES S. ZANEVELD
Institute of Oceanography
Old Dominion College
Sub-ice and submarine studies carried out during
the austral summers of 1963-1964 and 1964-1965
revealed the presence of benthic marine algae with
both stenobathic and eurybathic sublittoral and elittoral distributions (Zaneveld, 1966a, b. c, and 1968).
In these papers, the author suggested that at least
some of the Ross Sea algae might continue their
growth throughout the year.
In order to check this theory, new investigations
were made during the austral winter of 1967. Transportation to McMurdo Station was provided aboard
the first regularly scheduled antarctic midwinter
flight (Abbot, 1967). Sub-ice observations and collections made near Hut Point (77°51'S. 166°38'E.)
showed that at least two species of Rhodophyta, i.e.
Phyllophora antarctica A. et E. S. Gepp (Fig. 1) and
Iridaea obovata Kutzing (Fig. 2), continued to grow
during the period of total darkness. All specimens
collected not only had their natural color and shape,
but were actively growing (some individuals even
fructificating). These algae thus demonstrated that
they are able to tolerate the stresses of such an extreme biotope as the Antarctic during the australwinter months. Some as yet unidentified crustose and
corallinaceous algae were also collected, similarly
indicating adaptation to these extreme conditions.
All collections were made by means of scuba diving,
carried out with the regular ',4-inch neoprene suit.
The divers, students L. L. Nero and D. M. Bresnahan
of Old Dominion College, used a 1,000-w, 115-v
AC light of 65,000 centerbeam candlepower, which
was found to give an excellent output in the total
darkness under the ice. The duration of the dives
was from 38 to 10 minutes at depths of 7 to 36 m,
respectively. (See Fig. 3.)
The collection of algae in the winter confirmed the
earlier assumption (Zaneveld, 1966c) that benthic
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(Photo by L. L. Nero)
Figure 1. Midwinter (July 25, 1967) sub-ice flora and
fauna at 30-m depth in McMurdo Sound.
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Figure 2. An immature specimen
of Iridaea obovata Kiitzing collected on July 14, 1967, near Hut
Point.
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(Photo by L. L. Nero)

marine algae are present in the Ross Sea throughout
the year and are able to tolerate extreme environmental stresses of temperature and light. However,
certain unforeseen limitations were placed upon the
study. As fast ice did not form in the Ross Sea until
the end of August, access was denied to the large
beds of algae that had been found near Capes Royds
and Evans during the austral summers of 1963-1964
and 1964-1965. Also, complete darkness was observed
only between June 12 (the time of arrival) and July
22.
Apart from the limitations imposed by the various
substrates, the main ecological parameters (low
light intensity and temperature) decrease the rate
of algal metabolism in the Ross Sea, particularly dur128

(Photo by W. J. Boggs)
Figure 3. Dr. Zaneveld hands the sub-ice light to Mr. Nero.
Mr. Bresnahan is in the "water."

ing the winter. During the summer months, when
photosynthesis continues 24 hours per day, the algae
must store a large amount of reserve substances.
Though heterotrophic feeding of macroscopic deepsea algae is not impossible, the more probable sources
of energy for growth come from reserves accumulated
the previous summer and possibly through reduced
photosynthesis during the semi-darkness of winter.
Certainly the balance of the metabolic processes is
such that growth can continue throughout the year.
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