
has been known for many years, only recently have
some in vivo studies been performed. The purpose of
our study during the past austral summer was to
assess the respiratory responses of the fish to changes
in its environmental temperature and gas tensions
and to elucidate the respiratory compensations made
in response to the lack of an oxygen-carrying pigment.
The study was carried out utilizing Palmer Station
and R/V Alpha Helix laboratory facilities. R/V Hero
provided support in collecting the material.

The rate of resting oxygen consumption was de-
termined on Chaenocephalus aceratus acclimated to
temperatures ranging from 10 to 10°C. The rate,
which averaged 0.020 ml oxygen/g/hr at 1°C., in-
creased linearly (about 10 percent per °C.) in this
temperature range. The environmental critical oxy-
gen tension exhibited no consistent change with in-
creasing temperatures, but remained at about 40 torr.
In some cases, it even decreased with increasing
temperatures. This indicates that the oxygen content
of the water per se was not the controlling or limiting
factor for the oxygen uptake.

Arterial and venous oxygen (pO2) and carbon
dioxide (pCO 2 ) tension from the dorsal aorta and
the caudal vein were simultaneously monitored in
catheterized fishes at rest and in those exposed to
various experimental situations. Blood pressures were
also recorded and blood samples taken, prepared, and
frozen for analysis of their lactic acid content. The
preliminary results show that resting arterial P02

ranged from about 80 to 100 torr and that venous
0 2 ranged from about 30 to 60 torr. Resting arterial

pCO2 was about 2 torr, with venous pCO 2 just per-
ceptibly higher. Under conditions of decreasing P02

in the sea water, venous P02 dropped to near zero,
with only a slight increase in pCO 2 . The arterial
P02, however, decreased at a slower rate than the
environmental P02, thus showing that the fish pos-
sesses a compensatory mechanism that enables it to
maintain a favorably high oxygen gradient from
blood to tissue. Even when the oxygen gradient from
water to arterial blood decreased to only 5 to 10
torr, the arterial P02 remained as high as 50 torr.
Although the blood pressure data have yet to be
examined in detail, they clearly show that the mean
arterial pressures in C. aceratus are substantially
lower than those in other fishes. Typically, the values
obtained for the dorsal aorta were 12 to 15 torr. This
indicates a low flow resistance in the vascular bed,
which may come about either by an increase in the
number of capillaries per unit cross-sectional area or
by an increase in the size of the capillaries. Tissue
samples were preserved for later studies of the cu-
taneous and deep muscle vascularization. Microfil
perfusions were also performed to aid these studies.

Two main points emerge from our study: the ice-
fishes can tolerate a substantial increase in environ-
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mental temperature, and they have a circulatory sys-
tem that, even lacking hemoglobin, is surprisingly
efficient in the transport and exchange of both oxy-
gen and carbon dioxide. This efficiency results from
increased flow through the gills and the tissues. Since
we found the blood to have low viscosity, about 3
centistokes at 0°C., the fish could maintain a high
flow with only moderate energy expenditure.

In collaboration with K. Johansen and R. W.
Millard, participants in the Alpha Helix antarctic
expedition, the ventral aortic blood flow was deter-
mined by use of permanently implanted magnetic
flow probes for a variety of experimental conditions in
unrestrained icefishes. The cardiac output was ob-
tained by applying Fick's principle to the simultane-
ously measured ventral and dorsal aortic p0 2 . Evalua-
tions of these data are not yet available.

Respiration rates of larval icef'ush
and spawning time of adults

EVERETT L. DOUGLAS
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In Arthur Harbor at Palmer Station, we had an
opportunity to observe previously unknown aspects of
the spawning behavior of the icefish Chaenocephalus
aceratus and to measure the rate of oxygen consump-
tion in its larva.

On February 19, 1971, large masses of icefish larvae
were observed near the shore in Arthur Harbor. The
rate of oxygen consumption was determined for 16
specimens (20 to 40 mg wet weight) over time inter-
vals ranging from 3 to 6 hours. This rate was 15 to
20 times greater per unit weight than that df the adult
icefish, and it was in good agreement with the weight-
rate regression coefficient of 0.78 that we have found
for the adults.

Spawning of C. aceratus appeared to begin in early
February and to take place over 1 or 2 weeks. This
was indicated by several observations. During the
present and previous years, attempts to catch speci-
mens in the period December 23 to January 26, with
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long lines or trawls, at depths of less than 75 m were
relatively unsuccessful. However, fishes were caught
at about 100 to 200 m. All these specimens were ripe,
unspawned females. This year it was possible to ex-
tend the fishing to later in the summer. From January
26 to February 8, eight unspawned females were
caught on lines in shallow water (10 to 25 m) in or
near Arthur Harbor. In the same area from February
15 to 19 four spawned-out female specimens were
caught. No unspawned specimens were taken during
this latter period. These observations tend to indicate
that C. aceratus migrates to shallower in-shore waters
f  spawning during the late summer. The fact that
thales were never caught on baited lines indicates that
tiey may show nesting and/or territorial behavior.

Effects of deep dives
on penguins and blue-eyed shags
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Observations and measurements on diving depth of
birds are uncommon. It has been determined that the
emperor penguin and some species of duck and loon
dive deeply (Kooyman et al., in press; Schorger,
1947). Because the respiratory system of birds is quite
different from that of mammals, consisting of a pro-
portionately larger gas volume due to the presence of
air sacs, the effect of hydrostatic pressure on gas cavity
equilibration and blood gas tension is of particular
interest.

Adélie and gentoo penguins, Pygoscelis adeliae and
P. papua, and blue-eyed shags, Phalacrocorax atriceps
(see cover), were observed in the field and studied in
the laboratory to determine certain behavioral and
physiological characteristics of their, dives. Since

Adélie penguins appear to feed far offshore, diving
observations were limited. Gentoo penguins commonly
feed near shore in the vicinity of the Port Lockroy
rookery, and observations on diving times and type
of food were possible. Similarly, shags feed near
Palmer Station and Cormorant Island, and observa-
tions were made in both places on food, dive times,
and depths. The gentoo appeared to be feeding on
a type of amphipod occurring in shallow water. The
shag was taking mostly fish, many of which are bottom
dwelling species.

In the laboratory a diving chamber was used to
simulate both surface dives and deep dives. Hydro-
static pressures equivalent to nearly 70 m depth were
reached in some dives. During the dives heart rate
was recorded continuously, arterial blood samples
were collected intermittently at various pressures, and,
from one bird, air sac samples were obtained. Oxygen,
carbon dioxide, and nitrogen gas tensions of the blood
were measured as well as pH and lactic acid. Pre-
liminary interpretation of the data suggests that there
is continuous gas exchange between the blood and
lungs during all dives and at all depths. In fact, pre-
dive ventilation on pure oxygen greatly extended the
breath-hold ability of the birds due to continuous
diffusion of oxygen from the air sacs and lungs to the
blood.
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Limnological investigations
at Palmer Station
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During the austral summer of 1970-1971, several
meltwater lakes and ponds in the vicinity of Palmer
Station, Anvers Island, were revisited to resume
limnological research begun the previous summer sea-
son by Bruce C. Parker and Gene L. Samsel and con-
tinued in the laboratory at home. Emphasis was given
to the effects of limiting nutrient factors upon algal
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