
It is evident that the two profiles in the Pacific
sector (115° and 90°W.) and the one in the west-
ernmost Atlantic sector show highly convoluted
patterns with values ranging from 0.1026
to 0.1318—a difference of 30 percent. On the
other hand, the profile at 15°W. is almost homo-
geneous in specific alkalinity.

Along the 115'W. profile, a marked change in
specific alkalinity appears to occur at the south-
ern extension of the Albatross Cordillera between
antarctic and Pacific waters. This discontinuity is
seen not only in the level of strontium but also
in that of the trace elements silver, cobalt, and
nickel (Schutz and Turekian, 1965).

Any interpretations we make at the present time
are tenuous, but they do show the desirable paths
for future studies:

(1) On the basis that the water mass surround-
ing Antarctica has a net westward movement, it
appears that it becomes highly textured with re-
spect to specific alkalinity as the result of biologi-
cal removal of calcium carbonate from the surface
waters and its resolution at depth.

(2) Where prominent physical barriers exist,
such as the southern portion of the Albatross Cor-
dillera, the chemical properties of the antarctic
waters are distinct from those north of the bar-
riers. This is true with respect to specific alkalinity
and concentrations of strontium, silver, cobalt, and
nickel.

(3) The concentration of strontium in the east-
ern Pacific sector of Antarctica varies—notably,
the average concentration is lower along the 90°W.
profile than along the 115°W. profile.

(4) There is no clear correlation between the
amounts of barium (Turekian and Johnson, 1966)
and strontium and specific alkalinity.

(5) Data on specific alkalinity and strontium
levels might be useful as indicators of the history
of the antarctic water masses.
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Zoogeography of Antarctic and
Subantarctic Planktonic Foraminifera

in the Atlantic and Pacific Ocean Sectors

ALLAN W. H. B1

Lamont Geological Observatory
Columbia University

One antarctic, two antarctic-subantarctic, and six
subantarctic species of planktonic Foramini-
fera have been observed in the two major faunis-
tic regions that are separated by the Antarctic
Convergence (Antarctic Polar Front). The only
prolific antarctic species south of the Convergence
is Globigerina pachyderma. Six species occur gen-
erally north of the Antarctic Convergence in sub-
antarctic waters, namely Globigerina bulloides,
Globorotalia inflata, Globorotalia truncatulinoides,
Globorotalia scitula, Globigerinita glutinata, and
a yet-unnamed new species of Globorotalia. Globi-
gerina quinqueloba and Globigerinita uvula are
found more frequently in the antarctic region than
the other species referred to, but they are also
commonly encountered in subantarctic waters.

All species show widely overlapping distribu-
tions, but the centers of maximum concentration
of each species are clearly delineated and are gen-
erally located either in antarctic or subantarctic
waters. The subantarctic species can cross
the Antarctic Convergence and exist over an aver-
age distance of 300 miles southward before they
completely disappear.

The preferred seasonal occurrence of G. trun-
catulinoides is between early May and late Octo-
ber, while G. inflata proliferates between early
August and late December.

In the austral winter (June-September), the upper
100 in of water around Antarctica is comparatively
barren of plankton (including Foraminifera), as the
bulk of the planktonic populations inhabit waters
between 250 and 1,000 m during this period.

In comparing the fossil assemblages in bottom
sediments studied by Blair (1965) with living
populations from the same regions, we have noted
the following facts: The largest populations of
fossil representatives of G. pachyderma (20 per-
cent isopleth), G. bulloides (20 percent isopleth),
G. truncatulinoides (5 percent isopleth), and G.
inflata (10 percent isopleth) are all north of the
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mean position of the Antarctic Convergence,
whereas equivalent populations of living members
of these species are located south of the Conver-
gence. The southward retreat of the antarctic G.
pachyderma and the southward advance of the
three subantarctic species are clear indications of
the extent of a warming trend since the most re-
cent deposition of sediments and skeletal remains
of the species mentioned.

These findings agree with Hays' (1965) obser-
vations that the boundary between antarctic and
subantarctic Radiolaria in bottom sediments is
located 3°10° north of the mean position of the
Antarctic Convergence. He noted also that, north
of the Convergence, the radiolarian species in the
thin top layer of cores are indicative of a warming
period during the past few thousand years.

References

Blair, Donald. 1965. The study of planktonic Foraminif era
in antarctic deep-sea cores. In: Florida State University.
Sedimentology Research Laboratory. Contribution No.
11: Marine Geology, USNS Eltanin Cruises 9-15, p. 36-41.

Flays, James D. 1965. Radiolaria and Late Tertiary and
Quaternary history of antarctic seas. Antarctic Research
Series, 5: 125-184.

Physiological and Biochemical
Mechanisms of Cold Adaptation in

Fishes of McMurdo Sound
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Fishes of McMurdo Sound constantly experi-
ence near-freezing temperatures. The stability of
the temperature of the Trematomus fishes' habitat
is reflected in the lethal temperature limits
of these species: the upper incipient lethal tem-
perature is a markedly low 6°C. (Sornero and
DeVries, 1967).

The whole-organism metabolism of the Trema-
tomus fishes is highly cold-adapted (Wohlschlag,
1964). Tissues of these fishes were studied in
vitro to determine whether this high metabolic
rate was due to a similarly high level of metabo-
lism fixed in the tissues or whether metabolic adap-
tation was controlled by serum-transported factors,
as is the case in certain temperate-zone euryther-
mal fishes (Precht, 1964, 1965). The in vitro
metabolism of tissues of the antarctic fishes was
extremely high, indicating that a high rate of met-

abolic (enzymic) activity has been fixed in the
tissues through the course of evolution.

The factors responsible for metabolic adapta-
tion to low temperature are only now becoming
well understood. Increased levels of rate-limiting
enzymes may be induced during exposure to low
temperature (Ekberg, 1962). Modulation of enzy-
mic activity through alteration of the cellular en-
vironment in which the enzymes operate may also
be important, as Precht's studies suggest. A fur-
ther type of enzymic change which would pro-
mote high levels of enzymic activity at low tem-
perature is the development of enzymes of higher
catalytic efficiency. Some investigators have re-
ported a positive correlation between the body
temperature of organisms and the activation ener-
gies of their enzymic reactions (Vroman
and Brown, 1963). Thus, organisms with lower
body temperatures have enzymes with higher cat-
alytic efficiencies. Data on the succinic dehydro-
genase of T. bernacchii support this hypothesis.

Metabolic compensation to temperature change
has been shown to involve alterations in the rela-
tive activities of the metabolic pathways as well
as in the total rate of metabolism. A commonly
reported change is an increased participation of
the pentose shunt in glucose catabolism (Ekberg,
1958; Hochachka and Hayes, 1962; Kanungo and
Prosser, 1960). A high level of pentose shunt ac-
tivity appears to have been fixed in T. bernacchii.
In addition, the acclimation of T. bernacchii to
a "warm" temperature of 4°C. led to decreased
pentose shunt participation. This change was ob-
served in the absence of a change in the total rate
of tissue oxygen consumption, indicating that met-
abolic reorganization can occur without a concom-
itant alteration in the total metabolic rate.

Acclimation to "warm" temperature led also to
significant changes in tissue water content and
metabolic sensitivity to cyanide poisoning.
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