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Scope. The project known as Antarctic Marine Ecosystem
Research at the Ice-Edge Zone (AMERIEZ) is a multidimen-
sional investigation of the structure and processes of antarctic
pelagic communities and, more specifically, the way in which
structure and function are affected by the temporal dynamics
of pack ice. Depending on season and, on a smaller scale,
weather, pack ice may be forming or melting and the ice edge
may be stationary, advancing, or retreating. The first of four
planned AMERIEZ cruises took place at a seasonally retreating
edge in the Weddell/Scotia seas during spring 1983 (see charts
in Ainley and Sullivan 1984 and Sullivan and Ainley 1987); the
second took place at a stationary edge when the pack was at
its annual minimum in areal extent in fall 1986; and the most
recent cruise occurred during mid- to late winter 1988 when
the edge was at first advancing as the ice pack expanded to
reach its seasonal maximum. The edge then oscillated around
its "stationary" position. In a future cruise, we hope to conduct
investigations during the height of summer when the rate of
ice retreat and production of meltwater should be at its max-
imum.

Two major hypotheses focus the program objectives:

• The pack-ice edge is a major oceanographic feature where
biomass and biological productivity are enhanced in the water
column. These processes are more fully understood now
than they were at the outset of our study.

• 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
antarctic seas. Indeed, we are finding this to be the case.

In addition to these unifying hypotheses, individual inves-
tigators have been testing more specific hypotheses which per-
tain to their particular interests and disciplines. These hypotheses
are described in the other articles in this chapter.

Logistics. On our first two cruises we had the opportunity
to use two ships (one an ice breaker) simultaneously so that
one group of investigators could work within the pack ice,
including deep penetrations (more than 200 kilometers), while
the other was working in the adjacent open ocean. During the
just-finished winter cruise, however, only one ship was avail-
able, WV Polar Duke, and therefore we changed plans so that
within-the-pack activities were emphasized on leg I while off-
the-pack activities dominated leg II; overlap of each region was
maintained on both legs. Leg I included more long-lasting
stations where time-series experimentation was important; leg
II included mostly rapid stations that provided a more synoptic
view of conditions; both legs included complementary ele-
ments. To keep both legs within Weddell Sea Water and Wed-
dell-Scotia Confluence Water as much as possible and because
Polar Duke is a vessel with limited ice capability (relative to an
icebreaker), as it turned out, we worked primarily in open
water and within the outer 100 kilometers of the ice pack (fig-
ures 1 and 2). Because of weather patterns and the end of
seasonal growth, the pack ice extended farther north on leg II
than it generally did on leg I. See Husby, Muench, and Gunn
(1989) for more complete description of physical conditions.

The two legs started and terminated at Punta Arenas, Chile.
Leg I took place 6 June to 8 July (9 June to 5 July in the study
area), and leg II took place 15 July to 16 August (18 July to 13
August in study area). On leg II, we experienced the remark-
able dynamism of the ice edge brought about by storm fronts.
Sea-surface temperatures south of the Scotia-Weddell Conflu-
ence were always near freezing, but depending on wind di-
rection (a function of the location of barometric lows moving
along the Confluence), the sea surface froze or thawed for
distances of as much as 200 kilometers (and to a thickness of
0.5 meter or more) on time scales of days. Southerly winds
brought freezes followed a few days later by warm, northerly
winds that brought complete thaws. The thawing moved the
ice edge southward until the next front, and concommitant
winds moved it northward. Thus, the second leg actually pro-
vided a look at an advancing/retreating edge at the mesoscale
of both time and space, compared to the first leg when the
entire ice pack was growing northward on the large scale. The
highly dynamic "stationary" ice edge of leg II also contrasted
with the little-changing, highly compacted and truly stationary
ice edge of the second AMERIEZ cruise in 1986 (Sullivan and
Ainley 1987).

Science program. The activities accomplished on the two legs
were mostly the same, with an emphasis on longer stations
for the first leg and an emphasis on synoptic coverage for the
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Figure 1. The cruise track and pack ice position during leg I of AMERIEZ 1988 (after Husby et al. 1989, by permission). (km denotes kilometer.)

second. The program consisted of studies treating the follow-
ing areas; many of the activities treating the lower trophic
levels included studies both in the water column and in the
sea ice:
• physical/chemical characteristics of the ice;
• photosynthetically available irradiance and spectral com-

position of light;
• physical/chemical structure of the upper water column;
• nutrient chemistry;
• bacterioplankton biomass and growth rates;
• primary production and chlorophyll a distribution;
• phytoplankton/microheterotroph biomass, species compo-

sition, and activity;
• hydroacoustic-, trawl-, net-, and bottle-sampling of micro-

nekton biomass and species composition;
• metabolic rates of macrozooplankton and micronekton;
• determination by census of biomass and composition of ma-

cronekton;
• food-web structure, including all trophic levels. Participating

principal investigators and their disciplines are listed in the
table.
Significance of observations. The 1988 AMERIEZ cruise was by

far the most complete biological investigation of pelagic com-
munities in the Antarctic ever attempted during winter. The
first wintertime physical oceanographic data were collected for
the Scotia-Weddell Confluence, including deployment of drifter
drogues that provided insight into water and ice movements.

Due to the severe winter conditions, the low abundance of
diatoms and of chlorophyll in the water column was no sur-
prise, yet the ice-edge region contained slightly elevated levels
of biogenic particulate materials. Bacterioplankton biomass and
growth rates were low as might be expected for coupled au-
totrophic and heterotrophic processes. It was interesting,
though, to see how closely the vertical and spatial distribution
of chlorophyll was tied to the physical environment: the phys-
ics clearly drove the biology. The peaks of chlorophyll and
particulate matter in the water were strongly associated with
the marginal ice zone but probably because of release of bio-
genic materials from continually degrading ice—most of the
observed primary and secondary production occurred within
the pack ice itself. Detrital material clearly predominated in
the water column, and this had a strong influence on the
optical properties of the water in the ice-edge zone.

In spite of the low water-column activity at the base of the
food web, the upper food web was by no means dormant.
Antarctic, pelagic apex predators had rarely been observed to
be in such good condition, dominant fishes were full of eggs,
and krill of various species showed signs of growth and im-
minent reproduction. We were able to generate one of the most
complete depth-discrete samples of meso- and epipelagic zoo-
plankton and nekton in the Weddell Sea and the Scotia-Wed-
dell Confluence ever before collected. Intensive sampling of
macronekton in and out of the ice during winter was a unique
accomplishment as well. Becoming obvious were the lags in
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Figure 2. The cruise track and pack ice position during leg It of AMERIEZ 1988 (after Husby, Muench, and Gunn 1989, by permission). (km
denotes kilometer.)

generation times associated with each higher trophic level, and
the differing degrees to which summer and winter production
are coupled upward in the food web and used over differing
time scales. These results clearly point toward the need to
complete seasonal time-series studies in the marginal sea-ice
zone. Because this region is now known to be both physically
and biologically dynamic and productive during the three sea-
sons it was studied, the remaining summer study is recognized
as a keystone necessary for a more complete understanding
of the ecology of the region.
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Principal investigators and their areas of specialty during the 1988 AMERIEZ cruise.

Investigator
	 Institution

	 Specialty

D. Ainley

J. Bengtson

J. Comiso

K. Daly (M. Macaulay)

G. Fryxell

D. Garrison

L. Gordon

M. Gowing

T. Hopkins

D. Husby

A. Muench

D. Nelson

C. Sullivan

W. Smith

J. Torres

Point Reyes Bird Observatory

National Oceanic and Atmospheric
Administration, National Marine Mammal
Laboratory

National Aeronautic and Space
Administration, Goddard Space Flight Center

University of Washington

Texas A & M University

University of California Santa Cruz

Oregon State University

University of California Santa Cruz

University of South Florida

National Oceanic and Atmospheric
Administration, Pacific Fisheries
Environmental Group

Science Applications, Inc.

Oregon State University

University of Southern California

University of Tennessee

University of South Florida

Macronekton ecology/distribution

Pinniped ecology

Satellite remote sensing

Microzooplankton distribution and abundance
using hydroacoustics

Microalgae ecology/distribution

Microheterotroph production/ecology

Nutrient dynamics

Microheterotroph ecology

Micronekton and zooplankton ecology

Physical oceanography

Physical oceanography

Phytoplankton and nutrient dynamics

Microbial growth and metabolism; biogenic
particulate concentrations; spectral irradiance

Phytoplankton dynamics, primary productivity,
and chlorophyll a distribution

Micronekton and zooplankton physiology
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