
dispersion from skua or penguin rookeries to satisfy
their nitrate requirements. It has been demonstrated
that nitrogen-fixing blue-green algae abound in the
dry valleys, so it would seem more logical that the
algae are the source of the nitrates.

Several thousand specimens of S. mollis were col-
lected in the areas we investigated. Those which oc-
curred at the limits of the known range of the sp.
cies in these areas are being subjected to a statistic
analysis to test for intraspecific variability.

Approximately 50 live, adult Adelie penguins
were examined at Cape Royds, Ross Island. Only
one Mallophaga was found on these specimens.
mites were not present. At Cape Crozier, Ross Is-
land, 25 young and 10 adult Adélies that had died
of natural causes were inspected. From these, only
five specimens of the nasal mite Rhinonyssus
sphenisci ssp. shelli Fain and Hyland were found.
From one dead emperor penguin examined at this
locality, one Mallophaga was obtained.

From 51 live skuas inspected at Cape Royds, two
species of Mallophaga and three species of feather
mites were collected. Of the feather mites, one species
may be new to science. Fifteen dead birds were ex-
amined for nasal mites, but none was found.

We examined the heads of 12 Weddell seals of
various ages, but no mites were found on them.

Adélie Penguin Orientation
RICHARD L. PENNEY

Institute for Research in Animal Behavior,
New York Zoological Society

and
Rockefeller University, New York

Experiments on Adélie penguins, conducted on
the Ross Ice Shelf and in other relatively featureless
areas of Antarctica, have shown that penguins rely
upon the azimuth position of the sun and a sense of
time in choosing and maintaining a constant direc-
tion of travel. This ability is thought to have survival
value in steering lost birds to their offshore feeding
grounds, and it may also help them to perform the
remarkable homing feats for which they are noted.
One intriguing question derived from field studies
concerns the source of variability in direction selec-
tion between individuals released at the same unfa-
miliar location: A 30-degree difference has been ob-
served in the departure direction taken by some
birds. Is this difference due to errors the birds
make in determining horizontal angles from the sun,
or is it due to errors they make in estimating

(Photo by New York Zoological Society)

Two of three A délie penguins that were hatched and reared
in captivity.

time? An attempt is being made to answer questions
of this nature through studies of captive penguins.

On November 5, 1966, 14 pairs of Adélie pen-
guins were captured at Cape Crozier. With the as-
sistance of field and flight support personnel, these
birds were returned to the United States for housing
in a specially constructed room which partially sim-
ulates the natural environment of the species. The
majority of the penguins continued to display nor-
mal breeding behavior, and three pairs were success-
ful in rearing three chicks. The behavior and physi-
ology of these captives are being monitored in an
effort to discover rhythms related to their sense of
time. Adults are being trained to perform certain
tasks for food rewards before being tested for direc-
tion orientation in a 21 -m-diameter sun simulator.

Thermal-Metabolic Relationships
in Stenothermal Fishes

ROBERT W. MORRIS

Department of Biology
University of Oregon

A collection of fishes was obtained at McMurdo
Station during the past austral summer. Preliminary
studies of the specimens were conducted at the
McMurdo biological laboratory, and more detailed
analyses are now under way.

What appears to be a major result of this research
is the discovery that the saccular otoliths of Trema-
tomus bernacchii are piezoelectric. Hence, at least in
theory, the otolith constitutes a mechanism that the
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animal may use in depth (pressure) perception
and/or frequency analysis of sound waves.

Other studies in progress or completed include re-
search on the respiratory properties of the blood of
four species of fishes, the metabolism of a chaenich-
thid, Pagetopsis macropterus, and the fatty acids of
the central nervous system and some characteristics
of the urine of T. bernacchii.

A calorimeter for measuring heat production by
aquatic animals has been constructed around a
Hewlett-Packard two-probe quartz crystal thermom-
eter.

GEOLOGY

Late Paleozoic Glacial Rocks in the
Sentinel and Queen Alexandra Ranges

JERRY L. MATTHEWS, JOHN C. CROWELL,
DONALD A. COATES, IRVING R. NEDER, and

LAWRENCE A. FRAKES

Department of Geology
University of California (Los Angeles)

The Pagoda Tillite of Permian (?) age at the
head of Tillite Glacier in the Queen Alexandra
Range is approximately 180 m thick and of three
distinct lithologies: (1) gray, dense diamictite that
contains striated stones up to 1 m in diameter; (2)
channel sandstone that is crossbedded and iron-
stained; and (3) gray, massive siltstone containing
scattered stones that are generally less than 15 cm in
diameter. Although the direction of ice movement is
uncertain, measurements of boulder pavements in
the lower half of the section indicate that the ice
movement had a northwest-southeast sense. The
sandstone beds, which comprise 10-25 percent of
the thickness, occur throughout the diamictite as
lenses and stringers 0.2-10 m thick. The sandstone
beds generally display evidence of deformation prior
to lithification. Laminae are as a rule only slightly
warped, but in places beds 6 m thick have been
overturned. At one outcrop below Pagoda Peak, a
sandstone bed is displaced vertically 50 m by fault-
ing that occurred before lithification of the sediment.
The direction of dip of the crossbeds ranges through
300 degrees, but the frequency of dip determi-
nations is highest in the southeast quadrant and in -
dicates that most currents flowed in this direction.
These sandstone beds are interpreted as representing
a fluvioglacial phase of sedimentation. The siltstone

beds, which are restricted to the upper half of the
section and commonly contain plant fragments,
probably are of glacial-lacustrine origin.

In the Sentinel Range, the Whiteout Conglomer-
ate, a diamictite of Late Paleozoic (?) age, rests con-
formably on strata of the Crashsite Quartzite. Be-
cause the diamictite is folded and faulted, the total
accumulation is difficult to determine, but it appears
to be between 650 and 1,000 m thick. At its top,
the Whiteout Conglomerate grades into thin-bedded
shale. The transition zone is 3 m thick and contains
sparsely scattered pebbles 2-4 cm in diameter. The
contact is sharp, but it appears to be conformable.
The diamictite forms a monotonous sequence from
top to bottom that is broken at one horizon on the
north flank of Mount Lymburner by an 11-rn-thick
unit of alternating siltstone and very fine grained
sandstone that displays load forms at its base.
Graded beds and exotic stones up to 20 cm in diam-
eter are present, and in places the diameter of the
stones is from six to eight times greater than the thick-
ness of the beds. These stones are interpreted as hav-
ing been dropped by floating ice. Balls of rolled
sandstone up to 3 m in diameter that are scattered
sporadically in the diamictite indicate deformation of
sand beds before lithification. We interpret the White-
out Conglomerate as being composed of glacially
derived sediments deposited subaqueously, all or in
part on a slope where slumping was common. Struc-
tures that reveal current directions are not found in
the Whiteout Conglomerate, but on the basis of
measurements of ripples in the immediately underly-
ing Crashsite Quartzite and the immediately overly-
ing Polarstar Formation, the paleoslope is inferred
to have been inclined to the north.

Petrology of the Upper Division of the
Beacon Sandstone

PAUL R. PINET, DAVID B. MATZ, and
MILES 0. HAYES

Department of Geology
University of Massachusetts

Field work carried out by University of Massa-
chusetts geologists during the 1966-1967 season was
a continuation of the petrologic study of the Beacon
Sandstone begun in southern Victoria Land during
the previous season (Matz and Hayes, 1966). Fos-
sits collected during the first field season enabled
dating of the lower part of the section as Devonian
and the upper part as Permian-Triassic. These two
units are separated by a major Carboniferous un-
conformity.
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