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 Australian kiwi (Apterix australia). A better knowledge of
avian olfactory bulb activity would be useful for comparisons with that of mammals and reptiles.
Twelve specimens of the blue-eyed shag (Phalacrocorax 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 neostriatum 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 membrane rhythmic movements in both slow-wave sleep and
paradoxal sleep, and eye movements in wakefulness and

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 amplitude 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 frequently lasted more in the neostriaturn than in the hiperstriatum accessorium. This verifies the same fact previously observed by Affanni, Panizza, and Tomo in the
falconid Poliborus plancus, presented at the Asociación
Argentina de Ciencias Naturales, Revista Physis, December 15, 1972.
The capture of specimens was facilitated by the support of RV Hero and the ecological richness of the area.
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Figure 3. Superficial and deep electrode implantation of a blueeyed shag.

July-August 1973

Physiological studies on hemoglobin-free icefishes
(family Chaenichthyidae) were continued at Palmer Station 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 Pseudochaenichthys 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 significant physiological differences. For example, the rate
of oxygen consumption by P. georgianus, about
0.013 milliliter oxygen per gram per hour was markedly 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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aceratus were acclimated to temperatures up to 13 0 C.,
and the oxygen consumption by these was determined
at temperatures up to 10°C.
Simultaneous measurements of blood gases, blood pressures, and blood flow in unrestrained specimens were
made by chronically implanted catheters and flow probes.
Usually, each animal was used for experiments over a
period of 1 to 2 weeks.
The cardiac output was obtained by direct measurements using an electromagnetic flow probe placed around
the ventral aorta near the bulbus arteriosus. Typical mean
ventral flow rates for C. aceratus at rest ranged from 75
to 100 milliliters per kilogram per minute. The flow
rates for P. georgianus were somewhat lower. These
values compare favorably with our estimates of cardiac
output made by means of Ficks principle, using the rate
of oxygen uptake and arterial and venous oxygen tensions. The flow rates obtained for the icefishes are severalfold higher than rates obtained for any other fishes.
The blood pressures, in general, were very low compared to those of other fishes. Thus, in C. aceratus, the
mean ventral and dorsal aortic pressures were about 18
and 14 mm Hg, respectively. In P. georgianus, the corresponding blood pressures were even lower, namely
about 16 and 13 mm Hg. These low pressures are maintained in spite of a greatly elevated blood flow, which,
among other things, indicates that the icefishes have
exceptionally low vascular resistances to facilitate the
blood flow with minimum energy expenditures.
The responses in blood flow and pressure to hyperoxia
and hypoxic conditions were determined for several
specimens of each species. During hyperoxia, the heart
rate, blood flow, and systolic and diastolic blood pressures decreased slightly, but significantly, in all cases.
During hypoxia, the systolic pressures increased, and
the diastolic pressures decreased, i.e., the pulse pressures
increased substantially. In P. georgianus, the heart rate
and the mean ventral aortic blood flow increased during
hypoxia. In C. aceratus, however, the heart rate decreased, and the blood flow was maintained by increase
of the stroke volume. Substantial differences were observed also between the two species in the pattern of
recovery from hypoxia. Thus, there appear to be basic
differences in the mechanisms of circulatory regulation.
More information will be gained on analysis of the data
obtained using cardio- and vasoactive drugs. Further
analysis and computations also will provide values for
the stroke volume and the work performed by the heart.
In addition to the physiological studies, preliminary
anatomical observations were made (Stewart and Douglas, 1973), and blood and tissue samples were prepared
and preserved for various studies in the home laboratories.
We thank Captain Pieter J . Lenie and his able crew
of the RV Hero for their excellent support and cooperation in the collecting of the fishes. These studies were
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Physiological studies of antarctic icefishes, family
Chaenichthyidae, have shown that these fishes have
increased greatly their rate of circulation to compensate
for the absence of a respiratory pigment in their blood.
The cardiac output and the blood volume are severalfold
larger than those of other fishes. It was, therefore, of
interest to examine the circulatory anatomy in two species of icefish, Chaenocephalus aceratus and Pseudochaenichthys georgianus, that we collected near Palmer
Station, Antarctica, during the 1972-1973 austral summer. We observed that the icefishes possess a well
developed hypobranchial artery that carries a portion of
the oxygenated blood ventrally from the efferent vessels
of the gills.
The study of the vascular anatomy was aided by latex
perfusion of the vessels. The latex was introduced at
different sites on dead and anesthetized fish weighing
1.5 to 2.5 kilograms. A satisfactory method utilized
perfusion through the dorsal aorta followed by a second
perfusion of a different color latex from the heart in the
direction of blood flow to the gill arches. The latex
perfusion was essential as even the larger arteries full
of colorless blood are transparent and easily torn on
dissection.
In brief, the circulatory anatomy is characterized by a
comparatively large heart loosely situated in a large pericardial cavity. The heart consists of a transparent thinwalled atrium that pulsates to deliver collected blood
from the sinous venosus to the ventricle. From the
ventricle, blood is pumped through the elongated elastic
thick-walled bulbus arteriosus. From the bulbus the blood
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