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son in the southern Scotia Sea. At the same time, Salpa thorn psoni
continued to be at densities near 1,000 cubic centimeters per
1,000 cubic meters of water in most places sampled near the
South Shetlands. Thus, consistent amounts of salps were ob-
served across the region of occurrence of the species during
spring and summer. Peak and average densities differed by a
factor of only about two, suggesting maximum use of available
resources. Numbers of krill, on the other hand, were variable
and spatially spotty, both during 1981, when salps were rare,
and during 1983-1984, when salps were abundant.

This research was supported by National Science Foundation
grant DPP 82-19147.
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Figure 2. Mean size-frequency distributions of Euphausia superba,
A. Summer 1981 (after Brinton and Antezana 1984). B. Spring 1983.
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We used hydroacoustic methods to survey and assess the
abundance and distribution of micronekton and nekton in rela-
tion to the ice-edge zone in the Weddell Sea. We made real-time

observations to detect regions of biological interest and to coor-
dinate net catches (Brinton, Antarctic Journal, this issue) and
underwater stereo photography observations made by J. Step-
ien Lamont-Doherty Geological Observatory (Stepien, un-
published data) for target identification and target-strength es-
timations. We used three frequencies to provide the basis for
discriminating between sizes and identities of many target or-
ganisms. The analyzed acoustic data will be used to provide net-
independent estimates of abundance and to estimate net avoid-
ance, particularly by larger krill. In conjunction with net sam-
ples, these observations will be used to relate the abundance
and distribution of target organisms to the physical, chemical,
and biological observations of the other projects aboard the RIv
Melville.

We made acoustic observations in open water aboard the RIv
Melville, both underway and at fixed stations. (See figure.) We
made acoustic observations and collected net samples at the ice
edge and in the pack ice aboard the USCGC Westwind at fixed
stations. The Melville and the Westwind began the field study
with a joint calibration station on 10 November 1983 near the ice
edge at 60°33.7'S 37°0.4.6'W. The Westwind completed its sam-
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Acoustic echogram from 105 kilohertz system showing patches of
krill in the upper 110 meters of water column underneath the pack
Ice.

pling program on 2 December 1983 at 59'41.5'S 400 09.4'W. The
Melville continued its acoustic program until 4 December 1983
near South Georgia Island.

Three downward-looking frequencies (50 kilohertz, 120 kilo-
hertz, and 200 kilohertz) were used aboard the Melville. The
transducers were mounted in a 4-foot V-fin (Endeco) depressor
and towed behind the ship. Echos from the face of the trans-
ducer to a depth of 400-700 meters were stored as envelope-
detected voltage in frequency-modulated form on an instru-
ment recorder. We recorded data from each frequency on sepa-
rate channels, and in addition, we recorded a bottom detection
signal, synchronizing (transmit) signal and time of day (in hour-
minute-second plus day number) on the tape. A single down-
ward-directed frequency (105 kilohertz) was used aboard the
Westwind. On station, we lowered a transducer 1 meter below
the surface. We recorded the signal on analog magnetic tape.

In conjunction with the acoustics program on the Westwind,
the so-called "Plummet" net was towed vertically at every sta-
tion. The Plummet net is a 1-meter square net that I found to be
accurate for comparisons with acoustic measurements (Mac-
aulay 1977). The mesh size used was 560 micrometers. Haul
depth was generally determined by the depth of the acoustic
targets. We took some day/night tows and subtractive depth
tows for vertical stratification.

For our detailed analysis of the acoustic data, we are using the
methods recommended in BIOMASS Handbook 7 (SCAR 1981)
and Johannesson and Mitson (1983). Echo-integration analysis
will produce estimates of biomass (where acoustic targets can be
identified) or mean-volume-backscattenng-strength (where un-
certain or unknown targets are present). The estimates will be
by 1 meter depth strata down to 400 meters or bottom, which-
ever occurs first. The net samples collected aboard the Westwind
have been analyzed for euphausiid identification, sexual matu -
rity and length-frequency composition. Jeanne Stepien of La-
mont-Doherty will conduct further analysis to determine gut
contents of euphausiids and for species identification of other
zooplankton taxa.

Acoustic observations made in open water indicated very few
occurrences of krill in patches (as compared to our observations
in 1981, Macaulay 1981), instead large concentrations of salps
were found. Other investigators on the Melville confirmed the
acoustic observations; their net catches did not contain large

concentrations of krill and there were few krill patches observed
by Stepien's camera system (Antarctic Journal, this issue). The
small patches of krill that we observed acoustically were found
in the near proximity (less than 1/2 nautical mile) to the ice edge
with a rapid decrease in occurrence away from the ice edge.
These patches were usually Thysanoessa macrura rather than
Euphausia superba. We observed euphausiids acoustically on all
three frequencies (50 kilohertz, 120 kilohertz, and 200
kilohertz).

Preliminary analysis of the acoustic data collected aboard the
Melville indicates that the 200 kilohertz system was very effec-
tive in detecting the presence of salps down to 400 meters. Salps
were less visible on the 120 kilohertz system and not visible on
the 50 kilohertz system, indicating a strong frequency depen-
dency of scattering from these targets. This pattern was distinct
from that associated with krill. Salps were detected acoustically
across the Scotia Sea to within a few miles of the Scotia trench.
They were observed to be a nearly continuous scattering layer
varying in thickness between 15 and 20 meters to as deep as 100
meters.

The camera and net sampling on the Melville strongly corre-
lated the presence/absence of acoustic targets of zooplankton
and micronekton in the water column. Various species of am-
phipods were found to be a major component of the occasional
patches observed at the ice edge. Also the presence of certain
types of targets on the chart records strongly correlated with the
occurrence of some species of birds feeding at the surface. The
general lack of patches of krill in the more open water might be
attributed to the survey being conducted early in the seasonal
cycle; however, the Melville passed through this area in March
1984 and found the occurrence of patches was still low.

Preliminary analyses of acoustic and net data collected
aboard the Westwind revealed some clear differences in zoo-
plankton abundance and diversity between the ice-edge and
pack-ice zones. Acoustic chart records from the 105-kilohertz
system show concentrations of saips at the ice edge but not
within the pack ice. This observation was substantiated by the
vertical net samples. Patches of krill were not observed at the ice
edge. However, three species of krill of several life stages were
collected; late furcilia and juvenile E. superba, and adult and
larval E. frigida and T. macrura. Adult T. macrura were found in
November and December while the larval stages were found
only in early December. Some adults and larval E. frigida were
also collected in early December. Larval T. macrura and adult
and larval E. frigida were not observed in the pack ice.

Chart records from the pack ice are characterized by small
scattered patches of krill present at all stations in the upper 100
meters of the water column. The net samples, in conjunction
with the acoustic observations, indicate that juvenile E. superba
and juvenile and adult T. macrura were present throughout the
pack ice. Adult E. superba were found in bird and seal stomachs
(Ainley and Fraser, Antarctic Journal, this issue; Erickson, Ant-
arctic Journal, this issue) at a number of locations including the
station of maximum penetration, 200 kilometers into the ice. T.
macrura appeared to maintain a low population density
throughout the water column sampled, while E. superba ap-
peared to concentrate into small dense patches of juveniles or
adults and were more likely to occur near the surface in associa-
tion with ice floes. Divers observed juvenile E. superba in brine
channels inside an ice floe. Investigators taking ice cores found
them coming up in the hole left after removal of the core.
Juvenile E. superba were also observed being thrown up onto the
surface of ice floes as the icebreaker churned up the broken ice.

M. Macaulay and G. Bishop participated aboard the RJv
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Melville and K. Daly participated aboard the icebreaker West-
wind. This work was supported by National Science Foundation
grant DPP 82-18784 with contributions of equipment and re-
sources from the Northwest and Alaska Fisheries Center and
National Oceanic and Atmospheric Administration.
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As part of the AMERIEZ (Antarctic Marine Ecosystem Research
at the Ice Edge Zone, see Sullivan and Ainley, Antarctic Journal,
this issue) expedition to the Scotia Sea, we investigated the
distribution, abundance, and metabolism of zooplankton and
micronekton in the top 1,000 meters of the open water north of
the marginal ice zone (figure 1). Our research program was
designed to assess latitudinal variation in species composition
and biomass as related to the marginal ice zone and to describe
for the first time the vertical distributions of mesopelagic fauna
in the Scotia Sea. Frozen and preserved specimens were re-
turned to our home laboratories for analysis of diet, proximate
and elemental compositions, growth, reproductive state, and
intermediary metabolic enzyme activities. Metabolic rates of
dominant micronektonic species were determined at sea and
are reported in a separate article (Torres, Weigle, and Lancraft,
Antarctic Journal, this issue).

All references to study area in this paper refer only to the
cruise track of the iIv Melville (figure 1). Twenty-nine midwater
trawl samples (including a complete day-night vertical series
and several 0-1,000 meter oblique tows) were taken going away
from most of the Melville hydrostations. Sampling was done

with a 9-square-meter-mouth-area, mouth-closing Tucker trawl
made of 6 millimeter knotless nylon mesh with a nested 0.75
meter, 163-micron, plankton net in the mouth. A thermal-tur-
bulence protecting cod end (Childress et al. 1978) was used to
enhance survival of captured specimens for respiration
measurements.

The considerable saip biomass encountered in the study area
usually (90 percent of all trawls) necessitated taking a volume
measurement then subsampling the catch. We used the volume
measurements of the total catch to estimate saip biomass by
assuming that the total volume consisted of salps and that 1 liter
of saips weighed 1,050 grams. All fishes were removed from
each catch. We have identified and measured 99 percent of
captured fishes. We calculated fish biomass from size/weight
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Figure 1. Location of midwatertra 's taken on the A/V Mel vllleduring
AMERIEZ 1983. Dashed line is cruise track; solid lines indicate loca-
tion and duration of trawls. Numbers refer to trawls only and not to
hydrostations.
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