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RECOVERY FROM LACTIC ACIDOSIS- DISSOSTICHUS MAWSONI AT-19C (F837)
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Changes in pH, P50, and in
traerythrocytic nucleotid
triphosphatein the blood
one Dissostichus mawson
during recovery from lacti
acidosis. The fish was ver
acidotic due to prolonga

cannulation procedures.

blood cells). Only trace amounts of 2,3-diphospho-
glycerate, the chemical modulator in all mammal
red blood cells, were present. Chromatographic
separation of red cell nucleotides is under way.
Rapid decreases in red cell NTP concentrations com-
pensating for decreased oxyhemoglobin affinity
occurred either after temperature increases or lac-
tic acidosis. As lactic acid was slowly metabolized
there was a progressive increase in cell NTP levels.
The time course of these changes (P50 , NTP, pH,
and lactate) is documented in the figure.

Our collaborative research on this low tempera-
ture vertebrate has advanced our understanding of
the modulation of oxyhemoglobin dissociation in a
species that does not employ 2,3-diphosphogly-
cerate as a modulator. We have also confirmed
Rahn's concepts of pH regulation in marine fishes,
and have suggested future arterial pH modifica-
tions that might be used during clinical therapy
with induced hypothermic states. Our research also
indicates that experiments should be done with
humans to ascertain whether 2,3-diphosphogly-
cerate is active in modulating oxyhemoglobin dis-
sociation in clinical hypothermia (to our knowledge
this has not been explored in humans). It would be
most valuable to learn if such adaptive capacities
exist in humans during hypothermia.

This research was supported by the Arvid Nilsson
Foundation, Denmark, and by National Science
Foundation grant oPP 74-0797.
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Low temperature nerve function
in antarctic marine poikilotherms

JOHN A. MACDONALD
Department of Zoology

DONALD R. ENSOR
Department of Anatomy
University of Auckland

Auckland, New Zealand

Cold-blooded animals in antarctic seas live under
a stable low temperature regime, which contrasts
sharply with the seasonal fluctuations of temperate
waters. The long evolutionary time of physiological
cold adaption in antarctic animals may be expected
to produce compensatory changes incompatible
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with short-term, reversible adaptation. Since the
nervous system is profoundly affected by tempera-
ture changes, the degree of neural cold compensa-
tion and the mechanisms for such compensation
are of interest.

During the austral summer of 1974-1975, the
authors examined the function of peripheral nerves
in fishes and invertebrates from McMurdo Sound.
Two species of Nototheniid fish, Trematomus borch-
grevinki and Dissostichus mawsoni, were caught
through the sea ice by handline and winched set-
line, respectively. Large isopods, Glyptonotus antarc-
ticus, and a large pycnogonid (sea spider), Colossen-
deis robusta, were captured by hand by scuba divers.
Animals were held until use at about — 1.5°C. in
running seawater. Whole nerves were excised from
freshly killed animals packed in ice, and placed over
electrodes in a refrigerated copper chamber filled
with an appropriate physiological solution. For each
species of fish, solutions were made up to reproduce
the major cationic constituents of fresh serum
(Dobbs and DeVries, 1974). Fresh seawater was
used for the invertebrate preparations. Chamber
temperature was regulated by varying the flow of
coolant through coils in the chamber. Nerves were
timulated at one pair of electrodes with brief
quare-wave electrical pulses, and compound action

tentials were recorded from a second pair with
n oscilloscope. Determinations of threshold, re-
ractory period, and conduction velocity were made
ver a range of temperatures between —5° and
0°C Due to space limitations, only conduction

'velocity is reported here.
The most consistent preparations were made with

ong lengths of lateral line nerve and fourth spinal
erve from the antarctic cod, D. mawsoni. Both
erves had conduction velocities of 12 to 15 meters
er second at their normal ambient temperature of
1.9°C. (figure 1). The velocity/temperature plots

xtrapolate to zero conduction velocity near a tem-
rature of — 15°C. (range: — 11° to —23°), whereas

erve conduction in temperate fishes normally falls
jvery close to 0°C. As in most other animals, conduc-
ion velocity increases linearly with temperature;
iowever, the rate of increase in antarctic fish is less
han that found in temperate animals. The tern-
erature coefficient (Qio, — 2 0 to 80) for D. mawsoni

nerves has a mean value of approximately 1.7 (stan-
dard deviation = 0.28). A decreased slope (clock-
wise rotation) of the velocity/temperature curve also
occurs in other cases of cold adaptation (figure 1.).

With the smaller fish, T. borchgrevinki, only the
fourth spinal nerve was used. Results were much
the same as for D. nawsoni, but were more variable.

A particularly interesting feature of nerves from
both species of fish is that the fish themselves die
at temperatures above 5° or 6°C., while their peri-
pheral nerves continue to function up to about

- TEMPERATURE (oc)

Figure 1. Neural conduction velocity as a function of
temperature. Heavy regression lines represent data from a
single specimen of antarctic cod (Dissostichus mawsoni):
fourth spinal nerve (circles), V = 15.94 + 0.93T; lateral line
nerve (triangles), V = 12.99 + 0.70T. For comparison, three
additional regression lines are shown, recalculated from data
in the literature. Catfish spinal cord (- -), V = 1.11 + 1.43T
(Bass, 1971). Beaver tibial nerve (- ), V = 2.08 + 1.20T
(Miller, 1970). Rat tibial nerve (-), V = 3.72T - 36.38
(Chatfield et al., 1948). Note clockwise rotation of plots for
cold-adapted animals: D. mawsoni versus catfish; beaver

versus rat. (V = velocity, m/sec; T = temperature, °C.).

30°C., then fail suddenly and do not recover.
Failure of conduction of peripheral nerves thus
may be ruled out as a direct cause of heat death
in antarctic fishes.

Conduction velocity plots for isopods and a pyc-
nogonid are illustrated in figure 2. Both arthropods
have low conduction velocities. The velocity for the
slowest fibers in the pycnogonid leg, at its normal
ambient temperature, is close to the rate of propa-
gation through a coelentrate nerve net: approxi-
mately 0. 03 meter per second (or about 110 meters
per hour, in contrast to fast mammalian fibers, which
conduct at about 120 meters per second). Isopod
and pycnogonid velocity/temperature plots seem to
be linear, with low slopes, and extrapolate to zero
velocity over a wide range from 7° to 23°C. Qio
values (-2° to 8°C.) range between 1.5 and 3.2, with
higher values appearing in slower fibers (a mathe-
matical consequence of linear functions).

The upper temperature limit for one pycnogonid
leg nerve was 28°C., while isopod nerves functioned
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Figure 2. Arthropod nerve,
conduction velocity versus
temperature. Combined re-
gression for isopod (Glyp-
tonotus ant arcticus) leg
nerves (circles) and ventral
nerve cord (hexagons): V
1.06 + 0.063T. Pycnogonld
(Colossendels robusta) leg
nerves show extremely loi
velocities: fast flber$
(squares), V = 0.33 + 0.0141;
slow fibers (triangles), V

0.04 + 0.007T.

up to 34° (leg nerve) and 3 8°C. (ventral nerve cord).
Isopod nerves showed some recovery on cooling,
particularly in the ventral nerve cord. As leg nerves
were very fragile, the observed limits may be too
low. Following failure at high temperatures, both
fish and invertebrate nerves contract and become
relatively stiff and inelastic, suggesting collagen
denaturation.

This work was funded partially by a grant from
the Auckland University Research Council. Trans-
portation and accommodation in the Antarctic were
furnished by the National Science Foundation. The
Antarctic Division, N.Z. Department of Scientific
and industrial Research, helped to plan and coordi-
nate the project. The authors are especially grate-
ful for assistance and advice freely given by A.L.
DeVries, Scripps Institution of Oceanography.
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Foraminiferal ecology: R/V Hero
cruise 75-1a

NIcoLAs K. TEMNIKOw and JERE H. Lis
Department of Geology

Institute of Ecology
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Davis, California 95616

The main goals of our program aboard k/V Herc
during the 1974-1975 austral summer were to com-
plete a sampling program for zoogeographk
studies of benthic shallow-water foraminifera along
the western coast of the Antarctic Peninsula, to
ascertain the relationship between the shallow-
water and deep-water assemblages, and to deter-
mine the spatial and vertical distribution of living
foraminifera found in soft-bottom communities.
These goals were accomplished by scuba diving
and bottom sampling with van Veen, orange peel,
and Dietz-Lafond grabs.

During the season our group participated in
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