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The National Marine Fisheries Service (NMFS) of the National
Oceanic and Atmospheric Administration (N0AA) was active in
the Antarctic for the 1985-1986 season. Scientists from NMFS

participated in the National Science Foundation sponsored Ant-
arctic Marine Ecosystems Research at the Ice-Edge Zone
(AMERIEZ). They were on board the RIv Melville and the U.S.
Coast Guard icebreaker Glacier, conducting research on krill
population dynamics in relation to southern-ocean circulation
variability. The studies, part of the U.S. Antarctic Marine Living
Resources (AMLR) program, were carried out in support of U.S.
participation in the Commission and Scientific Committee of
the Convention for the Conservation of Antarctic Marine Living
Resources (CCAMLR). The convention has established a system
for managing the living resources of the antarctic ecosystem
through international cooperation. United States participation
is aimed at realization of the convention's objective relating to
the conservation of antarctic marine living resources from an
ecosystem perspective. The AMLR program complements the
U.S. Antarctic Research Program (USARP) of basic research and
contributes to the overall U.S. science effort in Antarctica.

As part of the 1985-1986 AMERIEZ program funded by the
National Science Foundation, research was undertaken on krill
hydroacoustics and net sampling, as well as physical
oceanography along the sea-ice/open-water interface. In addi-
tion, studies were made on the feeding ecology of pack-ice seals
in the Weddell Sea including pilot studies to monitor seals using
satellite-linked telemetry.

Net sampling and hydroacoustic assessment of krill con-
ducted as part of the AMERIEZ program indicated that large
concentrations of krill were absent throughout the area sur-
veyed. Micronekton biomass was an order of magnitude less
than levels that have been encountered in previous seasons.

Field research on the feeding ecology of crabeater, leopard,
and Ross seals produced the first information available on the
diving profiles of crabeater seals. Preliminary studies using
satellite-linked telemetry on pack-ice seals were also initiated
along the Antarctic Peninsula. An analysis of antarctic fur seal
teeth is underway and is expected to shed light on the interan-
nual variability of prey resources (krill) in the South Georgia
area over a 25-year period.

They physical oceanographic data from the November 1983
AMERIEZ cruises have been processed and initial analysis com-
pleted. The measurements on both the i1v Melville and the U.S.
Coast Guard icebreaker Wesiwind were accomplished with con-
ductivity-temperature-depth (cTD) instruments to provide tem-
perature and salinity profiles to a depth of 500 meters. The
instrument on the Melville was also equipped with a fluo-

rometer to measure the vertical distribution of chlorophyll in
the water column. Copies of the initially processed data from
the Melville were provided to all investigators in the program.
The data were analyzed to look for any influence of the location
of the ice edge or its meltwater remnant on the vertical density
stratification and subsequently on the vertical distribution of
chlorophyll. No relationship was found. Areas of high chlo-
rophyll concentration on the west side of the survey area did not
exhibit significant stratification or any other sign of an ice-edge
effect. An analysis of the temperature, salinity, and nutrient
properties did suggest that the higher chlorophyll water may
have been advected into the survey area from the west. These
results were presented at the American Society of Limnology
and Oceanography/American Geophysical Union Ocean Sci-
ences meeting in New Orleans in January, 1986.

During the 7-27 March 1986 AMERIEZ cruise, a total of 49 CTD

casts were accomplished aboard the Rlv Melville in the western
Weddell Sea in the area bounded by latitudes 65-39.7° and
64-35.4°S and by longitudes 42-21.1° and 49-51.3°W. These
casts were made in open water with the exceotion of two which
were made at or just within the edge of the ice. Fourteen casts
were made to a depth of 1,500 meters and the remainder to a
depth of 500 meters.

The objectives of the CTD program were: (1) to provide real-
time information on the vertical density structure in the photic
zone for the biological program components, (2) to characterize
the physical oceanographic regime in the marginal ice-edge
zone during the autumnal ice advance period, and (3) to investi-
gate the regional physical oceanography of the western Weddell
Sea in sufficient detail to define the mesoscale circulation.

The principal water masses observed in the survey area con-
sisted of the surface water, the Weddell winter water, and the
warm deep water. The surface water has the well-mixed upper
layer which ranged in depth from 25 to 40 meters. Temperatures
ranged from -0.2°C at stations distant from the ice edge to near
-1.8°C at the ice edge. Salinities in the surface water, away from
the ice edge, ranged from 33.6-33.8 parts per trillion on the
southern transect to 33.7-33.9 parts per trillion on the northern
transect.

Beneath the surface water there was a persistent halocline/
pycnocline in the layer from 40 to 50 meters in depth. The
Weddell winter water was found beneath the sharp pycnocline
between 50 to 100 meters in depth. This water mass represent
the remnant of the previous winter's upper cold convective
layer. The temperature of the winter water was relatively con-
stant between -1.6° and -1.7°C with salinities of approximately
34.5 parts per trillion.

The Weddell warm deep water is characterized by tem-
peratures between 0°C and 0.5°C and salinities between 34.65
and 34.69 parts per trillion. This water mass is found between
the depths of 250 and 1,500 meters over much of the Weddell
Sea away from the continental slope. The depths between the
lower boundary of the winter water and the upper boundary of
the warm deep water were characterized by a monotonic in-
crease with depth of both temperature and salinity. Well-de-
fined thermal step structures were observed in this boundary
between the two water masses at several stations within 60-90
kilometers of the ice edge. These step structures were usually
found in the 200- to 300-meter depth range.

The vertical structure of the water masses described above
was persistent throughout the survey area except at stations
37-38 and 43-45 which showed the influence of active cooling
and ice formation in the surface layer. Surface layer salinities at
these stations were from 33.2 to 33.4 parts per trillion, which
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were low, probably due to ice melt during the summer
1985-1986.

During the survey a rapid transect and slow transect were
accomplished along two lines separated by approximately 30
kilometers. In addition, four stations were occupied a third time
along the southern transect. These data will allow an examina-
tion of time-dependent changes in the water structure and
geostrophic flow across these transects. Preliminary inspection
of the CTD data reveals that the mixed layer depths increased
from about 25 meters on the southern rapid transect to about 40
meters on the northern rapid transect. It is not clear whether

this difference is related to temporal or spatial changes in wind-
mixing and cooling or to horizontal gradients in the mass dis-
tribution. These two transects were occupied 2 weeks apart in
time. Isopycnal surfaces were relatively flat along all transects,
indicating little geostrophic flow.

Calibration corrections and numerical smoothing to reduce
spiking have yet to be performed on the CTD data. Further work
will include the preparation of final cross sections of salinity,
density, and geostrophic velocity.

This research was funded by the U.S. Department of
Commerce.

Functional properties of hemoglobin
from antarctic fishes
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The project on hemoglobins, isolated from several antarctic
fish species, was developed between February and April 1985 at
Palmer Station.

The hemolysates from 10 species, belonging to four families,
were electrophoretically characterized during the 1983-1984
austral summer; two additional species were observed during
1985. One, belonging to the family of Nototheniidae (Notothenia
larseni), had an electrophoretic pattern qualitatively similar to
that of the other nototheniids, with a major component and a
second, more anodal one (5-10 percent of the total); the other, of
the family of Rajidae (Raja georgiana), had a single, highly anodal
hemoglobin.

A major effort was devoted to the investigation of the func-
tional properties of hemoglobin. Regulatory effects on oxygen
binding in erythrocytes, whole hemolysates, and purified he-
moglobins were studied in three nototheniid species (N. cor-
iiceps neglecta, N. rossii, and N. gibberifrons) and in a fourth one
(Parachaenichthys charcoti) of the family of Bathydraconidae.
Blood was drawn from the caudal vein of unaesthetized fishes
by means of heparinized syringes; EDTA was used to avoid
coagulation. Following lysis and high-speed centrifugation of
the washed erythrocytes, hemoglobins were purified by ion-
exchange chromatography (D'Avino and di Prisco 1985).

It is well known that the oxygen affinity of hemoglobin of
many teleost fish species becomes so low at slightly acidic pH
(5.5-6.0), that the protein is only partially oxygenated, even at
oxygen pressures of several atmospheres. This special type of
Bohr effect is referred to as "Root effect" (Root 1931). An inves-
tigation in the pH range of 5.5-8.5 showed that hemoglobin in
intact erythrocytes, in "stripped" hemolysates, and in the pure
state was characterized by a marked Root effect in all four fish
species, as indicated by a 65-75 percent decrease in oxygena-
tion, observed at lower pH values even in the presence of the
ligand at atmospheric pressure. Figure 1 shows a representative

set of results. The modulating effect of the allosteric effector
inositol hexakis (phosphate) (IHP), which induces the decrease
in oxygenation at higher pH values, is also evident. Other
organic phosphates, like ATP, produced the same effect. The
level of endogenous ATP was measured in the blood (table). Its
presence accounted for the shift toward a higher pH of the

6.0	7.0	8.0	9.0

pH

Figure 1. Oxygenation of N. corliceps neglecta hemoglobin as a
function of pH. Buffers were 100 millimolar Tris-CI, pH 8.5-7.5, and
bis-Tris-CI, pH 7.0-6.0. Each plotted value was obtained spec-
trophotometrically at 20°C by calculating the average of the absor-
bance difference at three wavelengths (540, 560, and 575
nanometers) between the spectrum observed at a given pH and the
spectrum obtained after addition of a few crystals of sodium di-
thionite, which caused complete deoxygenation of the hemoglobin.
(A) Erythrocytes (A); "stripped" hemolysate (A) and hemoglobin 1
(B), in the absence (.) and presence (a) of 3 millimolar IHP.
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