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The capacity for sensing and reacting to changes
in the environmental temperature was investigated in
two species of antarctic fish: Notothenia coriiceps
and the hemoglobin-free icefish Chaenocephalus
ceratus. The importance of peripheral and dience-

phalic temperature in the control of this regulatory
mechanism was evaluated in several specimens of
N. coriiceps.

The apparatus used to test temperature selection
consisted of two chambers 60 by 56 cm filled to a
depth of 25 cm with sea water. The chambers were
connected by an opening 6.5 cm wide. A clear plexi-
glas door prevented water of the two sides from mix-
ing. When a fish approached the opening, the door
was rotated out of the way and the fish allowed to
swim into the other chamber. One chamber (the pre-
ferred side) was kept at the temperature to which the
fish was adapted (1.5 0 to 3.0°C.). The other chamber
(the adverse side) was maintained at a higher tem-
perature (3.0° to 10.5°C.). The water in both cham-
bers was continuously circulated and aerated. In each
trial, the fish was guided into the adverse side, and
the time necessary for it to return to the preferred
side (escape latency) was recorded.

The escape latency of N. coriiceps was inversely
related to the temperature difference between the
preferred side and the adverse side. The response ap-
peared to be as rapid as possible when the tempera-
ture difference was about 6°C. The escape latency of
C. aceratus was also inversely related to the tempera-
tiire difference between the two sides, but maximally
rapid responses were effected with a temperature dif-
ference of about 4.5°C.

To assess the importance of diencephalic tempera-
ture in thermal selection behavior, thermodes were
implanted astraddle the rostral brainstem in a num-
ber of N. coriiceps. By circulating water of the appro-
priate temperature through the thermodes, the imme-
diately surrounding area could be kept at 1°C. or
11°C. Cooling the rostral brainstem to 1'C. increased
the escape latency, while warming the brainstem to
11°C. reduced the escape latency. Even when the
bainstem was clamped at 1°C. or 11°C., the escape
la1tencies were inversely related to the temperature
dfference between the two chambers. This indicated
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that the peripheral temperature still affected the
escape response although the diencephalon was held
at a constant temperature.

The greater sensitivity of behavioral thermoregula-
tion in C. aceratus may reflect, among other factors,
a greater dependence on the high oxygen content of
the cold water near Antarctica. The critical oxygen
tensions for C. aceratus (40 to 50 mm Hg) were
found to be considerably above those for N. coriiceps
(less than 20 mm Hg) (Hemmingsen, Douglas, and
Grigg, 1969; Hemmingsen and Douglas, 1970).

The importance of peripheral and brain tempera-
tures in the activation of behavioral thermoregulatory
responses has been demonstrated in both reptiles and
mammals (Hammel, 1968). This study shows that
peripheral and brain temperatures are also capable
of eliciting behavioral thermoregulatory responses
in the teleost fish N. coriiceps.

The study was supported by NSF grants GV-25401
(to E. A. Hemmingsen) and GB-24816 (to R/V
Alpha Helix).
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The antarctic hemoglobin-free icefishes of the fam-
ily Chaenichthyidae offer many striking problems with
regard to the transport of oxygen and carbon dioxide,
since these gases are carried in the blood only in
physical solution. Although this feature of icefishes
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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.
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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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