tures of two species of Notothenia and one species
of Trematonius were also measured.
Preliminary analyses of the data from serum freezing-point measurements and freezing experiments indicate that Notothenia coriiceps and N. gibberifrons
are as resistant to freezing as the species of Trematomus living in McMurdo Sound. Notothenia larseni
and N. nudif ions are slightly less resistant to freezing
compared to N. coriiceps. In spite of the higher temperature of the Peninsula waters, no difference could
be found in the level of freezing resistance when T.
bernacchii from the Peninsula waters were compared
to those of McMurdo Sound. Studies on 12 Chaenocephalus aceratus, 2 Cliarnpsocep/ialus gunnari, and 2
Pseudochaenichthys georgianus indicate that these
chaenichthyid fishes are only moderately resistant to
freezing; the 3 species had serum freezing points of
about —1.2°C. Experiments in which fishes were subjected to freezing conditions showed that there was
good agreement between the freezing temperature of
all fishes and the freezing point of their serum. Body
temperature measurements using a thermistor showed
that the body temperature in both resting and moderately active fishes are only 0.02° to 0.05°C. higher
than the temperature of the surrounding water, regardless of the water temperature. This finding indicates that freezing resistance in antarctic fishes cannot
be attributed to thermnogenesis as has been suggested
by some investigators (Potts and Morris, 1968).
As in the fishes of McMurdo Sound, there is only
sufficient sodium chloride in the blood of the Notot henia species to account for half of the serum freezing-point depression. Dialysis experiments showed
that a nondialyzable freezing-point depressant was
present in the serurn of all the fishes studied, although
in the chaenichthyids it was present in low concentration. Electrophoretic observations and amino-acid
analyses indicate that the freezing-point depressant is
the same glycoprotein which has been identified in
the blood of the McMurdo Sound fish Trematornus
borchgrevinki (DeVries and Wohlschlag, 1969). A
detailed characterization of this substance is now in
progress.
This work was supported by National Science
Foundation grant GA-3919 and by a National Institutes of health postdoctoral fellowship to A. L. DeVries.
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Benthic Zonation on Submarine Cliffs in
the Vicinity of Arthur Harbor, Antarctica'
JOHN C. McCAJN'

and

WILLIAM E. STOUT

Marine Science Center
Oregon State University

For an examination of the zonation of benthos on
vertical rock faces, two sampling transect stations
were established in the vicinity of Arthur Harbor.
Station A, in an area of low surf activity, was located
on the rocky point adjacent to Palmer Station; station
B, in an area of high surf activity, was established on
the low-lying rocks southeast of Outcast Islands.
At both stations, 0.25 m 2 samples were scraped
from the rocks by the authors while scuba diving and
placed in a 1-mm mesh net bag with a 50-cm
opening. By using the opening of the bag as a guide,
we were able to estimate the size of the sampled area.
The rock face at station A was nearly vertical and
extended to a depth of approximately 45 m. Here the
rocky face met a gently sloping mud bottom. Down to
15 m the water was murky due to surf action, but it
cleared below this depth. The water temperature at
station A increased with depth, ranging from 0.4°C.
at the surface to 0.8°C. at 38 m. Between 12 and 15
m the water temperature increased 0.2°C., probably
indicating the lower limit of extreme surf mixing.
At station A, samples were collected at 1.5-rn intervals to a depth of 15 m, and at 3-rn intervals from 15
to 30 m. The limpet Patinigera polaris and encrusting
algae were practically the only organisms present on
the fiat surfaces from the surface to a depth of 8 m,
Patinigera reaching a maximum of 50 per 0.25 m' at
1.5 m and extending well below the limits of our
survey. The cracks and crevices from the surface to 8
m were generally filled with gravel and shell fragments and free of mud and silt. Several large organisms occupied these areas, notably the sea urchin Sterechinus neumayeri and a species of the alga Desmarestia.

The rock from 8 to 15 in had only a slight silt cover
and the kelp Phyllogigas grandifolius dominated. This
kelp lies flat on the rock, providing cover for numerous large invertebrates, such as brachiopods, sea
stars, and the isopod Glyptonotus antarcticus, along
with a multitude of smaller invertebrates.
Below 15 m, the rock was heavily silted. Here the
organisms of the overlying kelp zone merged with
1 This work was supported by grant GA-1217 from the
National Science Foundation, Office of Antarctic Programs.
Now at the Smithsonian Oceanographic Sorting Center,
Smithsonian Institution.
105

those of the mud bottom in a transitional zone. Gorgonians, glass sponges, and nernerteans, together with
the kelp zone organisms, extended into this region.
Station B had a different zonation in the upper
levels. As at station A, limpets, algae, and sea urchins
dominated the upper 8 m; however, the cover of Desinarestia was markedly denser. The density of limpets
at this station dropped rapidly from 44 per 0.25 rn2
near the surface to 10 per 0.25 m 2 at 14 m. On the
single dive that we were able to accomplish at station
B because of the heavy surf, we took 0.25 m 2 samples
at 3-rn intervals to a depth of 15 m and made counts
of limpets at 1.5-rn intervals to the same depth.
A few general results are apparent from the sorting
and identification of the organisms from the quantitative samples, begun at the Smithsonian Oceanographic Sorting Center. There are three distinct
zones between the surface and 30 m on the submarine rock faces around Arthur Harbor: an upper
surf zone, a middle kelp zone, and a lower transitional
zone between the kelp zone and the mud bottom. The
surf zone probably is a direct result of ice-scouring
during the winter and is maintained by surf action
during the summer. The upper limit of the kelp zone
apparently represents the lower limit of ice scouring,
with its lower limit corresponding to the lower
limit of extreme summer surf action. Below the kelp
zone, currents and turbulence are weak and allow
silting of the rocks and the formation of the transitional zone.

Smithsonian Institution Collections from
the First Antarctic Cruise of Hero
JOHN C. McCAIN*
Marine Science Center
Oregon State University

During the latter part of February 1969, collections
of benthic invertebrates were made by the author
aboard Hero for the Smithsonian Oceanographic
Sorting Center (SOSC). These collections from Adelaide, Brabant, Low, Deception, and Hoseason Islands
should provide valuable information on the benthos
in the shallow waters of the Antarctic Peninsula, supplementing the deep-sea collections of USNS Eltanin.
In addition to Blake trawl, Petersen grab, and trynet samples from these islands, 10 bottom-camera stations were occupied in Port Foster, Deception Island.
*Now at the Smithsonian Oceanographic Sorting Center,
Smithsonian Institution.
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These camera stations, taken before the February 21
erupt;on, will provide information for the scientists of
the Instituto Central de Biologla of the Universidad
de Concepcion, Chile, who are currently carrying
out research on the effects of the eruptions on the
benthos of Port Foster.
Because of the irregular, rocky bottom of iiiuch of
the Antarctic Peninsula, benthic sampling is difficult;
however, besides the camera stations, 13 sampling stations were successfully occupied. From these stations,
over 200 gallons of henthic invertebrates were removed and shipped to SOSC for processing.
A collection of fishes used by Dr. Arthur I)eVries,
of the University of California at Davis, for his study
of freezing resistance in fishes, was preserved for shipment to SOSC. The 50 gallons of fishes included numerous specimens of hemoglobin-free fishes and several rare skates.

Preliminary Observations of Life
Between Tidemarks at Palmer Station,
64 0 45'S. 64°05'W.
JOEL W. HEDGPETII
Marine Science Center
Oregon State University

The ice-worn granite shore at Palmer Station appears, at first glance, to be barren at low tide, although the tidal range is about five feet. The tides are
of the mixed semidaily and daily types; the lowest
intertidal level may at times be exposed for several
hours. During the summer months, a well-defined
band of filamentous green algae, including such
genera as En te ron o rp ha, Uloth rix, and Cladop Ii ora,
gives a green tint to the lower foot of the intertidal
region. Here and there are small thalli of various red
algae, including Leptosomia simplex, Curdiea racowitzae, and Iridaea sp., sparingly scattered in

crevices and sheltered places up to at least mid-tide
level. These red algae sometimes form patches in
shallow pools well above low tide. There is a sparse
population of small amphipods, worms, etc. among
the algae. The most conspicuous feature of the tidal
region is the grayish-pink covering of the crustose red
alga Hildenbrandia, which occurs in permanent tide
pools at mid-tide levels and forms an even line
marking the limit of tide zero in some places. Interspersed in the filamentous algal belt, but more characteristically in standing water, are diatom colonies
forming a brown, slimy, fur-like growth, made up of
such species as Achnanthes subsessilis, Licmophora
belgicae var. minor, Fragilaria planctonica, F. islanANTARCTIC JOURNAL

