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As part of the Antarctic Marine Ecosystem Research at the
Ice-Edge Zone (AMERIEZ), 41 scientists on two ships collaborated
in an interdisciplinary oceanographic project in the southern
Scotia and northwestern Weddell Seas. Studies focused on two
major hypotheses: (1) the pack-ice edge is associated with a
major oceanographic front where, due to little-understood pro-
cesses, enhanced biomass and productivity occur and (2) the
seasonal advance and retreat of the ice margin, which is an
ecological interface between two communities, strongly affects
the natural history of most organisms residing in the vicinity. I/
V Melville, from Scripps Institution of Oceanography, provided
a research platform in open waters. Simultaneously, on a com-
plementary track, USCGC Westwind provided a research platform
in the pack ice (figure 1). Scientists on both ships communicated
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Figure 1. Study area during the AMERIEZ experiment In the western Weddell Sea in November and December 1983. Squares represent R/V.
Melville stations taken In open water. Circles are USCGC Westwlnd stations in the pack ice. (See figure 2.) Solid symbols indicate eastern and
western transacts from which data for oceanographic sections are taken to evaluate gradients in physical, chemical, and biological properties
of the marginal Ice zone. iWenty-one sea-ice core samples were collected at nine Westwindstatlons: 6,7,8,13,14,15,16,18, and 19. (See other
AMERIEZ papers— Antarctic Journal, this Issue—by Individual Investigators for data.)
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daily to maintain coordination and to transfer information. The
ships departed Punta Arenas, Chile, on 5 November, arrived in
the study area 4 days later, and departed the study area on 3
December 1983. The Melville then steamed to Cape Town, arriv-
ing on 13 December, and the Westwind returned to Punta
Arenas, arriving on 5 December.

The first activity was a joint hydrographic station where in-
struments were intercalibrated between the two ships. This
station was located in the southeast corner of Melville's study
area and the northeast corner of the Westwind's study area (1-3
in figure 1). Before following the station track illustrated in
figure 2, the Melville steamed rapidly along a track designed to
gain an overview of the open-water portion of the study area.
During the preview, along a 100-nautical-mile front (ice edge),
six transects roughly perpendicular to the front and 60-120
nautical miles long were made. Six types of data were gathered
underway on a continuous or repetitive basis (see table).

While the Melville conducted its rapid survey, the Westwind
penetrated the pack ice southward (figure 1). The marginal ice
zone was found to be a broad expanse, including a series of
longitudinal bands of ice in the open ocean to ten-tenths ice
coverage 120 to 190 kilometers south (figure 2). Stations were
occupied 10-20 nautical miles apart, a spacing deemed appro-
priate to resolve mesoscale physical, chemical, and biological
features. On 16 November, the Westwind steamed from loose
pack into an area of ten-tenths coverage, 120 kilometers from
the northern edge of the marginal ice zone. At this position (6 in
figure 1) a 36-hour "superstation" study was conducted includ-

ing scuba diving operations from nearby ice floes. "Winter"
water conditions were observed in this region. The ship then
returned to the ice edge for a 20 November rendezvous with the
Melville, where scientific personnel, equipment, and samples
were transferred. Next, the Westwind made an even deeper
penetration of the pack ice, occupying stations at regular inter-
vals as before.

The Melville completed the preview in 2.8 days and began the
station plan (4 of figure 1). The track started with a long ex-
tended excursion from the marginal pack northeasterly across
the edge of the Scotia-Weddell confluence and then south-
easterly, along the first preview leg, to the position of the
calibration station and the marginal pack ice. Within the south-
ern third of this large triangle, the Melville followed an M-
shaped track, making two 60-nautical-mile-long excursions
away from the two returns toward the ice. Stations were spaced
20-30 nautical miles apart. This brought the ship back to where
the station plan had begun 2 weeks earlier (4 and 31). After a
third rendezvous with the Westwind, the Melville repeated the
western leg of the triangle, occupying stations at the same
positions as on the earlier pass. This track was extended two
station intervals farther north into water that had remained ice-
free during the previous winter.

These tracks allowed us to investigate (1) spatial phenomena
relative to the pack-ice edge, the region of maximal winter
extent of the ice, and the region where "winter" conditions still
existed, and (2) temporal phenomena relative to the retreat of
the marginal ice zone. In all, the Melville and the Westwind

Figure 2. Observations of sea-ice characteristics and concentrations (in tenths) In the marginal Ice zone of the western Weddell Sea during the
AMERIEZ experiment in November and December 1983. Note that the northernmost Ice bands occurred just south of Westwlndstations 2 and 20.
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Additional station
activities, Melville

Micronekton species com-
position, biomass, and
metabolic rates by mid-
water trawl (surface to
1,000 meters) and by
respirometry.

Macrozooplankton com-
position/abundance by
stereophotography.

Additional station
activities, Westwind

Stratification of sea-ice
structure, nutrients,
chlorophyll, microflora,
and fauna by analysis of
ice cores.

Species composition and
abundance of birds by
stationary count.

Underway sampling

Species composition,
abundance, and dis-
tribution of macronekton
(birds and mammals) by
strip census.

Species composition and
abundance of macro-
zooplankton by hydro-
acoustic assessment.

Species composition,	Fluorometric determination
abundance, and dis-	of surface chlorophyll
tribution of mammals by	concentration.
helicopter survey.

Scuba diving for sampling	Expendable bathythermo-
and under-ice photogra-	graph profiling of tem-
phy.	 perature structure of the

upper 200 meters.
Weather and ice condi-

tions.

Oceanographic observations made during AMERIEZ 1983

Standard stations,
both vessels

Temperature/salinity/density structure in the
upper 400 meters by conductivity-
temperature-depth measurements.

Dissolved nutrients in the upper 150 meters by
chemical analysis.

Spectroradiometric measurement of surface
downwelling irradiance and spectral
composition with depth (to 150 meters).

High-pressure liquid chromatographic analysis
of surface dissolved/free amino acid.

Analysis of chlorophyll, biogenic silica
concentration, phytoplankton floristics, and
primary production in the upper 150 meters.

Microscopic analysis of bacterioplankton
biomass and radiochemical estimates of
macromolecular synthesis in the upper 150
meters.

Microfloral and faunal composition and division
rates in the upper 100 meters by vertical
tow.

Macrozooplankton composition in the upper
200 meters by downward fishing net on the
Westwind and by bongo tow on the Melville.

Macrozooplankton abundance by
hydroacoustic assessment.

Presence/absence of squid by automatic
jigging.

Seabird diet by collections and stomach
contents analysis.

completed 43 and 22 stations, respectively (see figure 1). In-
cluded were several "superstations" up to 30 hours long during
which finer resolution time series observations were
conducted.

We are now in the early stages of data analysis. Some trends,
however, are already emerging. At all trophic levels, gradients
of increasing or decreasing abundance/activity were present (1)
along the edge of the marginal pack ice, east to west (upstream
in the Weddell Gyre), and (2) perpendicular to the ice edge,
from the winter water and consolidated pack, to the marginal
ice, to adjacent open water, to water that had been covered by ice
some time earlier, and finally, to water that is always ice free.
Nutrient concentrations (ammonia was not examined) were
abundant at all stations and could not be responsible for the
observed gradients of distribution of phytoplankton blooms.
Not only were spatial changes in biological activity/conditions
evident, but seasonal changes precipitated by the retreating ice
were apparent as well. So rapid was the retreat of the ice edge

that it left behind a biological "vacuum" in recently uncovered
waters which was subsequently colonized in 1-2 weeks, from
northern water.

A second large-scale pattern beginning to emerge involves
the contrast between "winter" conditions in the water column
beneath consolidated pack and "summer" conditions in the
water without ice or covered by loose ice. "Winter" conditions in
pelagic waters of the Antarctic have rarely been investigated in
detail. We were surprised to discover in the "winter" under-ice
community, several micronektonic organisms previously
known to exist only below 300 meters depth in ice-free, "sum-
mer" waters. More detailed analysis should provide insight into
the interaction of light, food availability, and predation in the
vertical migration of these deep-living creatures.

We are gaining an appreciation for the importance of decay-
ing ice floes as faunal and floral refugia. We have observed the
luxuriant growth of algal, bacterial, and protozoan commu-
nities at the surface, interior, and bottom regions of floes which
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are honeycombed with interconnecting pores and channels.
There appears to be a labyrinthine system in some floes which is
freely connected to the underlying water column. Krill (Eupha-
usia superba) and large decapods (Gennados pp.) were observed
to enter the interior regions of the ice through those channels.
This behavior by pelagic invertebrates may relate both to use of
the ice as a refugium and as a grazing area where food is
abundant. These floes may act as small island-like ecosystems
where the biological activities of all trophic levels—algae, bacte-

ria, protozoans, amphipods, decapods, krill, birds, and seals—
are concentrated within the pack ice.

We would like to thank Captain Haines and crew on the
Melville, Captain Honke and the crew on the Westwind, and ITT

Antarctic Services for their support. The direct field assistance
and untiring efforts of Robert Wilson and Lt. J. Leonard were
particularly valuable. Support was provided by National Sci-
ence Foundation grant DPP 82-18752 and by the National Marine
Fisheries Service.
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The overall hypothesis of the Antarctic Marine Ecosystem
Research at the Ice-Edge Zone (AMERIEZ) project is that the
marginal ice zone is associated with an oceanographic front
where biomass and biological productivity are enhanced. Our
specific goal was to examine the hypothesis that bacterial pro-
duction contributes significantly to enhanced productivity and
biological activity in the marginal ice zone. To test our hypoth-
esis, data were collected on board the iIv Melville and USCGC
Westwind from 5 November through 2 December 1983 at 59
stations in a 70,000-square-kilometer region of the Weddell and
Scotia Seas (See Ainley and Sullivan, Antarctic Journal, this is-
sue). The vertical and horizontal distribution, activity and
growth rates (u) of bacteria were examined in the sea ice and
water column. In addition, cores of sea ice were obtained at
selected Westwind stations for analysis of nutrients, biomass,
and metabolic activities of the sea-ice microbial community. To
assess the levels of potential heterotrophic substrates present,
we made measurements of naturally occurring dissolved free
amino acids (DFAA) using newly developed techniques involv-
ing high-performance liquid chromatography (HPLC).

The coupling between primary and secondary (bacterial) pro-
duction was also examined.

We looked for a correlation between water column fluores-
cence and bacterial biomass. In vivo fluorescence at the surface
was measured during a 3-day synoptic presurvey of the region
to the north of the ice edge. A Turner Designs flow-through
fluorometer calibrated with extracts of discrete phytoplankton
samples (Strickland and Parsons 1972) taken every 20 kilo-
meters along the cruise track was used to generate a chlorophyll
a surface map of the study area. Surface chlorophyll a con-
centrations ranged from 0.03 to 7.49 milligrams per cubic meter

being greater to the west, as well as toward the ice edge to the
south, as anticipated.

At each station, Niskin bottles were used to obtain discrete
samples through the upper 200 meters of the water column for
fluorometric analysis of chlorophyll a (See Nelson, Smith, and
Gordon, Antarctic Journal, this issue). Simultaneously, replicate
samples were taken and preserved for epifluorescence micro-
scopy (Hobbie, Daley, and Jasper 1977) to obtain corresponding
bacterial cell number and biomass distribution. A four-fold
increase in both bacterial cell numbers and biomass was ob-
served along a combined Melville and Westwind transect which
extended from 120 nautical miles into the pack ice to 160 nautical
miles north of the ice edge. Bacterial cell numbers and biomass
integrated through the water column to a depth of 150 meters
ranged from an average of 7 x 1012 cells per square meter (100
milligrams of carbon per square meter) at the southernmost
Westwind stations to an average of 33 x 1012 cells per square (400
milligrams of carbon per square meter) to the north.

Along this same transect 3 tritiated-thymidine incorporation
rates suggested maximum bacterial growth rates (Fuhrman and
Azam 1980, 1982) in the upper 50 meters of the water column in
the region most recently uncovered by the receding ice, just
north of the ice-edge zone (figure 1). The thymidine incorpora-
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Figure 1. Oceanographic section of western transect in AMERIEZ
study area. Isopleths indicate bacterial cell production rates in units
of 106 cells per liter per day. Distance is along the combined West-
wind/Melvilecruise track north of 62°43.0". (See Ainley and Sullivan,
Antarctic Journal, this issue, for station map.) ("M" denotes meter;
"KM" denotes kilometer.)
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