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Scope. The project known as Antarctic Marine Ecosystem
Research at the Ice-Edge Zone (AMERIEZ) is a multidisciplinary
investigation of pelagic ecosystem structure and processes
which result from the presence and dynamics of the marginal
ice zone. Depending on season, pack ice may be forming or
melting and the ice edge may be stationary, advancing, or re-
treating. The first of four planned AMERIEZ cruises took place at a
retreating edge in the Weddell/Scotia Sea during spring 1983
[figure—block a; see Ainley and Sullivan (1984) and Ainley et al.
(1986)]. During the second cruise 46 scientists (table) on two
ships studied the physics, chemistry, and biology of the autumn
ice edge in the western Weddell Sea (figure—block b). Two
major hypotheses focus the program objectives:

1. The pack-ice edge is a major oceanographic feature where,
due to little understood processes, enhanced biomass and bio-
logical productivity occur.

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.

In addition, individual investigators are testing more specific
hypotheses which pertain to their particular interests. These
are described in their individual reports, also contained in Ant-
arctic Journal, this issue.

Logistics. USCGC Glacier departed Punta Arenas, Chile, on 27
February and arrived in the AMERIEZ study area on 4 March; RIV
Melville departed on 2 March and arrived on 7 March. Both
ships remained in the main ice-edge study area until 27 March.
Melville arrived back in Punta Arenas on 4 April, followed by
Glacier on 8 April, after a call at Palmer Station. Melville, from
Scripps Institution of Oceanography, operated in the open wa-

ters east of the ice edge and was complemented by Glacier,
which operated in the pack ice west of the ice edge (figure—
block b). During 25 days in the study area, 104 stations were
occupied. After an initial station at the ice edge, when instru-
ments on board the two ships were intercalibrated, each ship

0°

5

61

6!

70

64

26
51	52.27

37 
364647 48	31 30.. •	53

	

282223 38	-. % I ••	• 29 28 25
21 000 0 4 35 34 33 32 50 21	4140.

1 4 17 5• 
442	

•22 24
26 19

	

15 0	1b a 16	
2

Weddell	
18 19

Sea )
	

7go1 

i34
Edge	 oGlac.r

Melville

520 W	500	480	460	440	420

a. Study areas during spring AMERIEZ I, November and December
1983, and autumn AMERIEZ II, March 1986. Hatched portion of study
areas were covered by pack ice; these were sampled from USCGC
icebreakers. Melville stations were taken in open water. Nimbus-7
satellite sensors for AVHRR, czcs, and SMMR collected data in the
region during the AMERIEZ II investigation for synoptic interpreta-
tions of ice-edge features. b. Enlargement of AMERIE? II study area
showing station locations. Symbols indicate locations along east-
west transects along which data for oceanographic sections were
taken to evaluate gradients in physical, chemical, and biological
features of the marginal sea-ice zone. Ten sets of ice-core samples
were collected at Glacier stations: 1, 9, 11, 13, 15, 16, 18, and 19 for
evaluation of geophysical, chemical, and biological properties.
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Senior scientists participating in AMERIEZ 1986

Investigator
	 Home institution	 Research specialty

Arne V. Aarset
	

University of Trondheim

David G. Ainley	 Point Reyes Bird Observatory

John L. Bengston	 National Marine Mammal Laboratory

Josefino C. Comiso	 National Aeronautics and Space Administration,
Goddard Space Flight Center

Greta Fryxell	 Texas A&M Research Foundation

Freezing tolerance

Sea bird ecology

Ecology of pinnipeds

Satellite remote sensing,
SMMR and AVHRR

Microalgae of the sea
ice and the water
column

David Garrison

Louis I. Gordon

Thomas L. Hopkins

David Husby

Michael Macaulay

Chuck McClain

Robin D. Muench

David M. Nelson

Greg Rau

Walker 0. Smith, Jr.

Janice B. SooHoo

Cornelius W. Sullivan

Erik Syvertsen

Jose Torres

University of California, anta Cruz

Oregon State University

University of South Florida

Pacific Environmental Group, National Marine
Fisheries Services/National Oceanic and
Atmospheric Administration

University of Washington

National Aeronautics and pace Administration,
Goddard Space Flight Center

Science Applications, Inc.

Oregon State University

National Aeronautics and Space Administration,
Ames Research Center

University of Tennessee

University of Southern California

University of Southern California

University of Oslo

University of South Florida

Microheterotrophsqa

Phytoplankton and
nutrient dynamics

Micronekton and
zooplankton ecology

Physical oceanography

Hydroacoustics of krill

Satellite remote sensing,
czcs

Physical oceanography

Phytoplankton and
nutrient dynamics

Biogeochemistry

Phytoplankton and
nutrient dynamics

Photobiology, optical
oceanography

Microbial growth and
metabolism

Ice algal ecology

Micronekton and
zooplankton physiology

began station tracks perpendicular to the ice edge. Melville
stations extended 200 kilometers away from the ice edge while
Glacier stations extended 80-100 kilometers into the pack (fig-
ure—block b). After reaching its maximum penetration into the
ice pack, Glacier's helicopters were deployed to points 50 kilo-
meters farther into the heavy pack for purposes of sea-ice sam-
pling and video reconnaissance, seal and bird surveys, and on
one occasion scuba diving operations adjacent to an iceberg.

In all, four transects were made perpendicular to the ice-edge
zone: two in the southern and two in the northern portions of
the study area. In each portion, one transect designated "fast"
was made in 2-3 days while the other, designated "slow," re-
quired 5-7 days to complete. Fast transects attempted synoptic
coverage and concentrated on hydrostation sampling of water-
column features. Slow transects permitted longer time on sta-
tion for all sampling activities. On Glacier the following samples!

activities were conducted when on station, including samples
from both the water column and ice:
• ice physical/chemical characteristics;
• downwelling irradiance profiles of photosynthetically avail-

able irradiance, and spectral composition,
• nutrient chemistry,
• bacterioplankton growth rates;
• primary productivity;
• photosynthetic pigments by high-performance liquid

chromatography,
• absorption, and fluorescence excitation spectra of phy-

toplankton!ice algae,
• phytoplankton!microheterotroph biomass, species composi-

tion, and settling rates;
• hydroacoustic, trawl, net, and scuba-diver sampling of mi-

cronekton; and
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• diet analysis of birds and seals.
During two 24-36-hour stations, day-night comparisons and

extensive off-ship activities, such as scuba surveys, ice sam-
pling, and the study of seal activity patterns and diving be-
havior, were made. When the ship was underway the following
data were gathered: meteorological information, ice charac-
teristics, sea-surface temperature and salinity, surface irra-
diance, in vivo chlorophyll fluorescence, and seabird and mam -
mal densities. On Melville, the same suite of activities was
carried out except for scuba surveys and studies of ice fauna and
seal diving behavior.

Observations. The marginal ice zone was exceedingly narrow;
the transition from open water to consolidated pack took place
over a distance of only 1-5 kilometers. The pack ice was found to
be extremely consolidated, with considerable amounts of multi-
year ice. Air temperatures were below freezing for all but 4 days;
three major freezing events occurred when air temperatures as
cold as - 13°C were reached. During these events, frazil ice
formed over leads in the pack ice and in areas of open water
seaward of the ice edge as evidenced by a vast expanse of
pancake ice covering the sea surface. Two major off-ice wind
events occurred during the cruise, one each during the second
and fourth weeks. Winds out of the west spread the pack ice
5-25 kilometers toward the east, opening semi-protected leads
and small polynyas where new ice formed rapidly. Otherwise,
on-ice winds continually consolidated the pack, as observed by
helicopter video camera reconnaissance. Meteorological,
geophysical, and biological information collected during
AMERIEZ 1986 will be compared with images obtained by AVHRR,

SMMR, and czcs sensors on the Nimbus-7 satellite. This interac-
tion with personnel from the National Aeronautics and Space
Administration's Oceans and Ice Branch will help to provide a
more synoptic view of the ice-edge region than would other-
wise be possible.

The hydrographic regime in the vicinity of the ice was also
well defined. Surface temperatures were at the freezing point in
the ice and increased to - 0.5°C 150-250 kilometers seaward of
the edge. The density structure, as determined by conductivity-
temperature-depth profiles, showed a relatively fresh upper
mixed layer with a strong pycnocline at a depth of 20 to 30
meters, but generally decreasing in depth with distance both
seaward and iceward of the ice edge. The physical regimen
indicated that the ice pack had not yet begun a major expansion
through freezing. This was confirmed by SMMR imagery for the
western Weddell region generally.

We found the general productivity of the region, at least as
evidenced in the lower trophic levels, to be well below that
observed during the spring 1983 AMERIEZ cruise. This, however,
was not the case in the highest trophic levels. If a major ice-edge
related bloom had occurred in the region, as observed on our
spring cruise, traditional indicators of phytoplankton standing
crops, such as chlorophyll a, indicated that its effects had abated
prior to our arrival. Inorganic nutrients such as nitrate, silicic
acid, and phosphate were typically high (nonlimiting)
throughout the study area and substantial concentrations of
ammonium ion were observed in the surface layer, especially
near the ice edge and just under the outer pack ice. Limitation of
primary production by low surface irradiance and grazing of
zooplankton may have contributed to the state of the system as
observed during our studies. The photophysiological charac-
teristics of phytoplankton/ice algae and the optical properties of

seawater in the region further support the possibility of a light-
limited system.

In contrast, heterotrophic microbial production was remark-
ably high compared to autotrophic production, and rates of
macromolecular synthesis by bacterioplankton were quite sub-
stantial. Microzooplankton under the ice were in low abun-
dance but moderately high levels were found in the open ocean
and even higher concentrations in the sea ice. Total zooplankton
biomass was almost equally divided between micro-
zooplankton and macrozooplankton at approximately 200-300
grams of carbon per square meter each. It was estimated that
most of the particulate matter in the upper 200 meters could be
grazed out in 30-60 days. The ice-edge system in autumn ap-
peared to be dominated by heterotrophic process rather than
autotrophic process.

Most biological activity in the water column was confined to
the upper 40 meters compared to spring when it extended to
150 meters; within the ice pack itself, as in spring, the highest
concentrations of biomass and biological activity were confined
to ice floes. Unlike the water column, both autotrophic and
heterotrophic production in ice floes was substantial. This pro-
duction included microbes such as bacteria; ice algae, hetero-
trophic protists, and zooplankton such as larval/juvenile krill;
and amphipods which were feeding within a variety of sea-ice
microhabitats (Kottmeier and Sullivan 1987).

In highest trophic levels, the system appeared to be at a level
comparable to the spring. Bird and mammal densities were
equivalent during the two periods. The physiological condition
of avian predators indicated that they had been feeding heartily.

Within all trophic levels, we observed the distributions of
organisms, their behaviors and physiologies which reflected
ways in which they prepare for the advance of the pack ice and
advent of winter conditions. This AMERIEZ cruise thus offered an
instructive contrast to the spring 1983 cruise. Through this
contrast, and that anticipated from future cruises in winter and
summer, much will be learned concerning the seasonal vari-
ability and dynamics of the ice-edge ecosystem.

We wish to thank Captain Haines and the crew of the Melville,
Captain Hewel and the crew of USCGC Glacier, and ITT Antarctic
Services for their excellent support. The direct field assistance
and untiring efforts of Robert Wilson and Lt. Jay Ellis were
especially valuable. We thank our colleagues for sharing un-
published information for the preparation of this program over-
view. Support was provided by National Science Foundation
grant DPP 84-44783, National Marine Fisheries Services, and the
National Aeronautics and Space Administration.
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