
When tissue hydrolysates were examined for the presence of
radioactive AFGP's, the results indicate that all tissues except
brain contain all of the AFGP's in the extracellular space. How-
ever, the results also showed that only small amounts of the low
molecular weight AFGP's were able to permeate into the intra-
cellular fluid. None of the higher molecular weight AFGP's en-
tered the cells. The intracellular concentration of AFGP was not
measured, so the freezing point of the intracellular fluid cannot
be ascertained. However, it appears that the intracellular fluid is
also undercooled when fish are in freezing seawater. Cell mem-
branes are apparently barriers to ice propagation at tem-
peratures as low as - 10°C (Mazur 1977); therefore it is likely
that the intracellular compartment of polar fish would not have
a requirement for antifreeze.

We conclude from these and previous studies that the role of
AFGP in the prevention of freezing is to provide a barrier to the
inward propagation of environmental ice into any undercooled
body fluid. These fluids include the aqueous and vitreous
humor, endolymph, and urine. In a separate series of experi-
ments, it was shown that the cornea as well as the corneal
epithelium are effective barriers to ice propagation. Therefore,

it appears that the undercooled ocular fluids cannot be seeded
by environmental ice (Turner, Schrag, and DeVries in prepara-
tion). It may be that the extracellular spaces of the integument of
antarctic fish contain high levels of GPAF and that their role is to
prevent ice from entering the undercooled fluids by stopping
propagation through the extracellular spaces of the skin.

This research was supported by National Science Foundation
grant DPP 81-16917.
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The Weddell seal (Leptonychotes weddelli) can dive to depths in
excess of 500 meters and remain submerged for more than an
hour. Bradycardia in Weddell seals has been measured in the
laboratory during forced head immersion (Zapol et al. 1979),
and while free diving beneath the 3-meter thick annual ice
using 80-meter break-off electrocardiogram leads (Kooyman
and Campbell 1972), which examined the first few minutes of
the seal's dives. To monitor the seals while free diving, Hill
designed and constructed a microprocessor-controlled monitor
which could be attached to freely diving seals to measure and
store frequent records of their average heart rate, seawater
depth, velocity, and core temperature.

We had to overcome a number of difficulties in designing a
microcomputer monitor of heart rate and depth for the Weddell
seal. First, the monitor had to be able to withstand high pres-
sure (50 atmospheres) and low temperatures. Second, the
monitor had to conserve power to extend the life of its batteries.
This was achieved by using low-power semiconductor tech-
nology which consumed only 10 milliamperes average. The
microprocessor-controlled monitor and 64 kilobytes of memory
were assembled onto three circuit boards each measuring 10
centimeters x 10 centimeters. The three boards were sand-
wiched and cast into a block of rigid epoxy. The computer was
powered by two epoxy-encapsulated lithium "C" cells which
provide 7.8 volts at 7 ampere-hours.

One of the experimental protocols that we followed was de-
veloped by Kooyman et al. 1980. An adult male seal was se-
lected at one of the colonies near McMurdo Station on Ross
Island, Antarctica and sledged to a previously surveyed field
site at which two holes, 20 meters apart, were drilled through
the annual ice on McMurdo Sound. The field site was chosen to
be at least 6 kilometers from the nearest natural ice crack so that
when a computer-monitored seal was released at this site, it
could not surface to breathe elsewhere. A fish hut, acting as a
field laboratory, with a hole in its floor was placed over one of
these holes and the other entry and exit hole was blocked
during an experiment so that the seal would be obliged to
surface in the field laboratory between dives. The field laborato-
ry contained a Zenith Z90 minicomputer, to which heart rate,
velocity, and depth data were transmitted at 57.6 K baud (57,600
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Figure 1. Sample tracing of heart rate (Measured in beats per min-
ute), velocity (measured in meters per second), and depth (meas-
ured in meters) during free diving.

bits per second) via a fiber-optic lead which we connected for a
few seconds when the seal surfaced. Figure 1 provides a sample
tracing of heart rate, velocity, and depth during free diving.

The microcomputer monitor and battery pack were fastened
to the seal in an indirect manner. A neoprene sheet, through
which some stainless steel bolts had been previously mounted,
was glued to the dorsal fur of the seal using cyano-acrylate glue
(Loctite 422). This glue was fast setting and created a very strong
bond. The computer and batteries were then bolted onto the
neoprene sheet. At the conclusion of an experiment the outside
hole was re-opened and after the seal hauled out, the computer
and batteries were unbolted; the neoprene sheet was left at-
tached to the seal. The seal was then returned to its capture site.
When the glue degraded sufficiently or the seal moulted, the
neoprene sheet fell off.

Depth, heart rate, velocity, and/or core temperature were
recorded on four male seals in 1983. Figure 2 provides a sample
of heart rate, core temperature, and depth during free diving.
With each submersion a bradycardia is evident and the core
temperature is maintained at a lower level during diving. We
also used the diving computer to initiate and control an aortic
blood sampling roller pump. We obtained hundreds of single

Time (hours)

Figure 2. Sample of heart rate (measured in beats per minute), core
temperature, and depth (measured in meters) during free diving.

arterial blood samples drawn during undersea free diving at
depths up to 350 meters. A serial sampler to obtain up to 8
sequential blood samples during a single dive was also de-
signed and successfully tested in metabolic studies of free
diving.
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