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at temperatures up to 10°C.

Simultaneous measurements of blood gases, blood pres-
sures, 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 measure-
ments 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 ten-
sions. The flow rates obtained for the icefishes are sev-
eralfold higher than rates obtained for any other fishes.

The blood pressures, in general, were very low com-
pared 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 cor-
responding blood pressures were even lower, namely
about 16 and 13 mm Hg. These low pressures are main-
tained 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 pres-
sures 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 de-
creased, and the blood flow was maintained by increase
of the stroke volume. Substantial differences were ob-
served 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 Doug-
las, 1973), and blood and tissue samples were prepared
and preserved for various studies in the home labora-
tories.

We thank Captain Pieter J . Lenie and his able crew
of the RV Hero for their excellent support and coopera-
tion in the collecting of the fishes. These studies were
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Circulatory anatomy in the icefish,
family Chaenichthyidae

JOHN B. STEWART and EVERETT L. DOUGLAS

Dalton Research Center
University of Missouri, Columbia

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 spe-
cies of icefish, Chaenocephalus aceratus and Pseudo-
chaenichthys georgianus, that we collected near Palmer
Station, Antarctica, during the 1972-1973 austral sum-
mer. 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 peri-
cardial cavity. The heart consists of a transparent thin-
walled 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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A, atrium; V, ventricle; BA,
bulbus arteriosus; HA, hypo-
bronchial artery; VA, ventral
aorta; DA, dorsal aorta; MA,
mesenteric artery; afv, affer-
ent flow; efv, efferent flow;
arrows denote direction of

blood flow.

flows through the ventral aorta to the branches of the
four large gill arches characterized by long creamy white
gill filaments. The unoxygenated blood flows up the
gill arches in the afferent vessel, crosses over the capil-
laries of the filaments where respiratory exchange occurs,
and collects in the efferent vessel. In the efferent vessel
the blood flows dorsally to the dorsal aorta and ventrally
to the hypobranchial artery.

Of interest was the capacity and functional develop-
ment of the hypobranchial artery. The hypobranchial
artery was observed to be well supplied by the first, sec-
ond, and third arches. As the dorsal aorta delivers blood
to the upper head and body regions the hypobranchial
artery delivers blood specifically to the throat region and
heart and predominantly to the pectoral muscles (fig.).

In one specimen of C. aceratus, blood pressure re-
cordings were made in the hypobranchial artery. This
revealed pulsations and pressures in the arterial range.
Also, the blood oxygen tension was of arterial value.
Using an electromagnetic flow meter, it was found that
the flow in the hypobranchial artery may represent up to
30 percent of the cardiac output.

Thus, it appears that the hypobranchial artery is of
particular importance for the icefishes. It is noted in these
fishes that the pectoral fins are large, and aquaria obser-
vations show that these fins are used extensively in
swimming. To meet the oxygen requirements of these
muscular activities, and especially those of the heart
which are much increased because of the large cardiac
output, a large blood flow must be available for this
function. The hypobranchial artery has been well de-
veloped to satisfy this demand.

This study was supported by National Science Foun-
dation grant GV-25401.
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In 1971-1972, this project undertook a multidiscipli-
nary investigation of shallow-water foraminifera along
the Antarctic Peninsula (Lipps et al., 1972; Lipps,
1973), supported by National Science Foundation grant
GV-31 162. During this preliminary investigation, sur-
veys provided samples for understanding the zoogeo-
graphic and depth distributions, as well as information
on the general ecology and biology of shallow-water
benthic foraminifera and associated organisms. As an
extension of that summer's field operations, Krebs and
Stockton remained at Palmer Station over the winter to
follow seasonal population fluctuations and to perform
various physiological and behavioral experiments. The
results of these studies, along with the material collected
during the summer of 1971-1972, established the foun-
dation for the second year of our investigation. This
year's program consisted of the completion of our origi-
nal zoogeographic study, recollection at selected sample
stations, investigations of the general ecology and popu-
lation dynamics in areas near Palmer Station, predation
and feeding experiments, habitat ecology, and micro-
distribution of foraminifera.

Our 1972-1973 program began when Krebs (phy-
cology) and Stockton (invertebrate zoology) at Palmer
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