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In response to an invitation from the National Science
Foundation, this Argentine scientific group, based at
Palmer Station from January 11 to February 15, 1973,
undertook the BIOANTAR II program of the Dirección
Nacional del Antártico, giving so far the results discussed
below.

Observations on the olfactory system function in the
icefish Chaneocephalus aceratus and antarctic cod Noto-
thenia neglecta were made. Male and female ice fishes are
macrosmatic, while this character is only present in male
bathypelagic fishes. The olfactory organ and nerve are
more developed in this species than in Notothenia ne-
glecta; the olfactory epithelium shows parallel folds on
both sides of a median furrow.

It was observed that in each nasal sac water goes in
and out through the nare in accordance with oral pump-
ing movements. The central nervous system of these

Figure 1. Partial view of on ice fish in on acute experiment

fishes is protected by a richly irrigated fatty tissue that
was partially removed for placing electrodes on the ol-
factory nerves and bulbs, and the thelencephalon. Re-
frigerated seawater was run through the nare with and
without odorous substances dissolved in it. The bio-
electrical activity recorded will be described in a further
paper (fig. 1).

During acute experiments the fishes were kept alive
out of the water for almost 12 hours without significant
changes in the respiratory rhythm, the branchial arches
and middle part of the body being irrigated with cooled
seawater at controlled temperature similar to that of
their habitat ranging from —1 0 to 2°C.

The bioelectrical activity of the olfactory bulbs and
cerebral cortex in two giant petrels (Macronectes gigan-
teus) also was recorded while the specimens were awake
and in slow-wave and paradoxal sleep states. These were
scored by simultaneously observing petrel behavior and
polygraphic records (fig. 2). The induced electrical
activity of the olfactory bulbs showed two components.
The first one is a sinusoidal variation of about 50 hertz
that normally defines a spindle followed by another of
approximately 20 hertz. Its rhythm was that of the
respiratory cycle and twice this when the bird was very
alert. The spindle amplitude was maximum when awake,
lower during slow-wave sleep and minimum during para.

Figure 2. A giant petrel in the Faraday cage during recording.
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doxal sleep. When the olfactory system of the bird was
stimulated with an intense odor like tobacco smoke, the
50 hertz component disappeared and the spindles were
limited to a 25 hertz wave burst, and simultaneously its
rhythm increased to several times that of respiration.

We also found that this bird has the largest olfactory
bulbs ever described among birds excepting the Austra-
lian kiwi (Apterix australia). A better knowledge of
avian olfactory bulb activity would be useful for com-
parisons with that of mammals and reptiles.

Twelve specimens of the blue-eyed shag (Phalacroco-
rax atriceps) were observed in wakefulness, slow wave,
and paradoxal sleep; 24-hour observations were made on
behavior and the EEG, EMG, EOG, and EKG records
(fig. 3).

The electrical activity of the hiperstriatum accessorium
during the slow sleep covered the 1.5 to 6 hertz range
with a 400 microvolt amplitude, although in the neo-
striatum at the same state it was 5 to 9 hertz and 300
microvolts, always presenting greater frequencies than in
the hiperstriatum. The activity during wakefulness and
paradoxal sleep was irregular and of minor amplitude in
both structures. The neck EMG showed the greatest
amplitude in wakefulness and the lowest in paradoxal
sleep. The EOG allowed detection of nictitant mem-
brane rhythmic movements in both slow-wave sleep and
paradoxal sleep, and eye movements in wakefulness and

Figure 3. Superficial and deep electrode implantation of a blue-
eyed shag.

paradoxal sleep. During paradoxal sleep, head, beak, and
tail movements were observed and also cardiac arhythmia.
During sleep the EKG showed an increase of the ampli-
tude of the cardiac frequency rhythmic oscillation that is
simultaneous with respiration cycle. We noted that the
beginning of the paradoxal sleep phase occurred during
the low frequency phase of such oscillation.

Irregular electrical activity in paradoxal sleep fre-
quently lasted more in the neostriaturn than in the hiper-
striatum accessorium. This verifies the same fact previ-
ously observed by Affanni, Panizza, and Tomo in the
falconid Poliborus plancus, presented at the Asociación
Argentina de Ciencias Naturales, Revista Physis, Decem-
ber 15, 1972.

The capture of specimens was facilitated by the sup-
port of RV Hero and the ecological richness of the area.
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Physiological studies on hemoglobin-free icefishes
(family Chaenichthyidae) were continued at Palmer Sta-
tion during the 1972-1973 austral summer. Previously,
we had carried out extensive studies on Chaenocephalus
aceratus, the icefish most readily obtained in the area
(Hemmingsen and Douglas, 1972; Hemmingsen et al,
1972). Last season, an adequate supply of Pseudo-
chaenichthys georgianus was also obtained. The two
species were collected in otter trawls at various locations
around Anvers Island. A few specimens of C. aceratus
were caught on baited long lines in Arthur Harbor and
its vicinity.

Preliminary analysis of the experimental data has
shown that the two species of icefish have some sig-
nificant physiological differences. For example, the rate
of oxygen consumption by P. georgianus, about
0.013 milliliter oxygen per gram per hour was mark-
edly lower than that of C. aceratus, about 0.020
milliliter oxygen per gram per hour; these rates were
obtained at 1°C. on resting specimens of comparable
size. Both rates are substantially lower than those of
fishes that have hemoglobin. Several specimens of C.
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