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Epipelagic communities in the northwestern Weddell Sea:
Results from acoustic, trawl, and trapping surveys
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U
ntil recently, little was known about the community
inhabiting the underside of seasonal sea ice in the

Antarctic. Increasing understanding of this unique environ-
ment has given rise to a number of questions about the
under-ice community and its interactions with other portions
of the antarctic fauna, especially those of the underlying
water column and the above-ice community, including
seabirds and marine mammals. In particular, the discovery of
mesopelagic species in the guts of surface-feeding seabirds
foraging in areas of open water (for example, leads and
polynyas) amidst heavy pack ice (Ainley et al. 1986; Ainley,
Fraser, and Daly 1988) has presented the startling possibility
of trophic coupling between two apparently disjunct commu-
nities. Although many of the mesopelagic species found in
bird guts are known to migrate vertically on a daily basis (Tor-
res et al. 1985; Torres and Somero 1988), most have not been
caught at depths of less than 100 meters (m) in open water
(Lancraft, Torres, and Hopkins 1989); whereas the seabird
species sampled are not known to forage deeper than 5 m
(Ainley et al. 1986).

There are numerous difficulties in examining the ecology
of under-ice fauna, including the logistic intractability of the
environment and the distribution and behavior of the animals
themselves. The animals, most commonly krill (Euphausia
superba), tend to be found in close association with the
under-ice surface and are known to actively avoid sampling
gear (O'Brien 1987; Marschall 1988). As part of a short-term
feasibility study to evaluate the possibility of using free-vehi-
cle (independent of a ship or any surface mooring) acoustic

instruments to monitor the abundance, vertical distribution,
and size distribution of animals in the upper 100 m of the
water column beneath seasonal pack ice, two upward-look-
ing, split-beam acoustic arrays were deployed at each of two
locations (four deployments total) in the northwestern Wed-
dell Sea during early October 1992: in ice-covered water at
61 032.54'S 41 054.28'W and 61°30.62'S 41°39.44'W and in open
water at 600 14.96'S 49047.74'W and 60 0 13.13'S 49050.62'W (fig-
ure 1). These instruments were moored on the bottom and
positioned approximately 100 m beneath the sea surface in
areas with bottom depths of 1,050-1,100 m. Each instrument
operated at a frequency of 72 kilohertz and was programmed
to ensonify an 8,600-cubic-meter conical section of the water
column [100 m vertically upward from the transducer with
20-centimeter (cm) vertical resolution and a beam angle of 501
every 5 seconds for 1 minute, with intervals of 6 minutes
between 12-ping groups over a deployment duration of 2
days. In the ice-covered area, two lines of baited minnow
traps (for the collection of scavenging animals) were deployed
concurrently at depths of 0, 10, 50, 100, and 200 m through
holes drilled in the ice. A similar trap array was deployed from
a floating buoy at the open-water site. In both the ice-covered
and open-water areas, the upper 250 m of the water column
was also sampled during the day and at night using an open -
ing-closing Tucker trawl (two nets with a 10-square-meter
mouth opening). The Tucker trawl was successfully employed
11 times in the pack ice and three times in open water.

Acoustic targets were more abundant at the open-water
location than at the ice-covered site, 10.0 and 7.6 targets per
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Figure 1. Study site in the northwestern Weddell Sea (bounded by solid lines). Areas examined in previ-
ous studies (AMERIEZ and EPOS) are enclosed by dashed lines. Locations of vertically profiling acoustic
array moorings are labeled (stations 115S and 120S beneath pack ice and stations 140N and 141N in
open water).

hour of sampling, respectively. A portion of the open-water
acoustic record spanning approximately 1.75 h contained an
unusually large surface target, most probably an iceberg.
Acoustic targets were nearly twice as abundant beneath this
feature as in the surrounding water column (21.4 vs. 10.0 tar-
gets per hour of sampling). The abundance of acoustic targets
exhibited temporal variability at both sites, with more targets
identified at night than during the day (figure 2). In addition,
a greater percentage of targets was recorded in the upper 50
m of the ensonified field in the ice-covered area than at the
open-water site.

Target strengths for individual targets were used to gen-
erate estimates of animal body length, using the relationships

TS = 10 log(-JL)

and

(Q-1 =0.02 1(ETL
2) kAJ

Figure 2. Hourly total numbers of targets (animals) detected acousti- where TS is the target strength in decibels (dB), o is the

cally with two upward-looking, vertically profiling acoustic arrays	acoustic cross-section, X is the wavelength of the acoustic sig-
during 2-day deployments in ice-covered and open-water areas of	nal (in this case 2.00 cm), and ETL is the estimated target
the northwestern Weddell Sea.	 length in meters (Love 1977).
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Targets detected in the open-water area were significant-
ly larger than those under the ice (mean estimated length 13.3
vs. 9.2 cm; Mann-Whitney U-test, Pcz0.001), though the largest
target detected (target strength = -40.1 dB; estimated length =
28.7 cm) was observed beneath the ice (figure 3A). Targets
beneath the "iceberg" were not significantly larger than those
in the ice-covered area (mean estimated length 11.6 vs. 9.2
cm; Mann-Whitney U-test, 0.05<P<0.10) or in open water.
The greater size of acoustic targets observed in open water,
relative to those recorded under the ice, is consistent with
reports of smaller prey being taken by seabirds foraging in or
near pack ice, compared to those feeding in open water (Mn-
leyetal. 1988).

A temporal pattern in target size was apparent at the ice-
covered site; targets larger than 10 cm were observed only at
night (figure 3B). In contrast, no such temporal variation in
target size was recorded at the open-water station (figure 3B).
Temporal patterns in species distributions were also evident
in the Tucker trawl samples. Fishes, hill (Euphausia superba),
and salps were substantially more abundant in night trawls
than in those taken during the day. During the time these sta-
tions were occupied, sunrise occurred between 0430 and 0530
h (ship time) and sunset between 1730 and 1830 h, thus trawls
were conducted between 1100 and 1600 h (day) and between
2100 and 0400 h (night).

The most abundant fishes collected by the Tucker trawl
in the ice-covered area were the myctophid Electrona antarc-
tica and the antarctic silverfish Pleuragramma antarcticum,
with a number of juvenile Notolepis sp. taken as well. By far
the most abundant invertebrates were the euphausiids
Euphausia superba and Thysanoessa macrura, with lesser
numbers of hyperiid amphipods (Themisto sp.), pteropods
(Clio sp.), calycophoran siphonophores and chaetognaths.

The greater abundances of larger organisms, particularly fish-
es, in the night trawls correlate well with the observation of
nightly peaks in acoustic target abundance (see above). Size
distributions for net-collected zooplankton were comparable
to those measured acoustically; the largest captured fish mea-
sured 25.4 cm (Notolepis coatsi) compared to 28.7 cm for the
largest acoustic target recorded.

All baited traps from the open-water station were empty
upon recovery, but each of the surface traps from the baited
trap arrays within the pack ice contained hundreds of rela-
tively large (up to 3 cm in length) scavenging amphipods
Orchamene rossi. This observation suggests that these
amphipods may be present in large numbers just beneath the
ice surface, as has been noted for krill (see, for example,
O'Brien 1987; Marschall 1988; Stretch et al. 1988). We believe
this to be the first record of scavenging amphipods occupying
this microhabitat.

The epipelagic community in this area of the northwest-
ern Weddell Sea appears to be affected by the presence of sea-
sonal pack ice. These effects are reflected in the presence of
significantly fewer and smaller targets beneath the ice, rela-
tive to nearby open-water areas. In addition, diel patterns in
acoustic target size were observed beneath the ice but not in
open water, and targets were detected closer to the surface
beneath the ice than in open water. These patterns, along
with the presence of large numbers of scavenging crustaceans
in apparent association with the undersurface of the pack ice,
suggest that the under-ice environment may be an important
portion of the antarctic ecosystem, particularly as an overlap
zone for surface-feeding predators and their pelagic prey.

We are grateful to J. Edelman, R. Wilson, K. Wood, and J.
Scott as well as the captain and crew of the R/V Nathaniel B.
Palmer for their invaluable assistance at sea. This research
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Figure 3. A. Frequencies of 2-cm size classes of targets (animals) detected acoustically with during 2-day deployments in ice-covered and
open-water areas of the northwestern Weddell Sea. B. Estimated lengths and times of occurrence for acoustic targets (animals) in ice-cov-
ered and open-water areas of the northwestern Weddell Sea. LjI=ice-covered area, +=open-water area, X=open-water area while iceberg
was passing over.
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Biogenic production of dimethyl sulfide: Krill grazing
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D
imethyl sulfide (DMS), a dominant sulfur compound in
sea water, is a possible precursor for cloud condensation

nuclei in the atmosphere and, consequently, may influence
global climate (Charison et al. 1987). The primary source of
DMS is dimethylsulfoniopropionate (DMSP) in phytoplank-
ton, but the mechanisms governing DMSP decomposition to
DMS remain uncertain. DMS concentrations in the ocean
vary spatially and temporally depending on phytoplankton
species and abundance; in particular, dinoflagellates and
prymnesiophytes (for example, Phaeocystis pouchetii) pro-
duce significant amounts of DMS during cell senescence
(Turner et al. 1988). In addition, laboratory studies suggest
that zooplankton grazing may be an important process lead-
ing to the formation of DMS in the ocean (Dacey and Wake-
ham 1986) but little is known about this production pathway
in the natural environment.

In the Antarctic, high DMS concentrations [more than 50
nanomolar (nM)] occur during the spring and summer sea-
Sons in coastal regions (Gibson et al. 1990) with lower concen-
trations found in open water (McTaggart and Burton 1992).
During winter, most of the southern oceans area is covered by
ice, and primary production in the water column is extremely
low. Ice algae, however, are abundant in ice floes during all
seasons. Recently, ice algae were shown to have high concen-
trations of DMSP (62 to 687 nM; Kirst et al. 1991). The antarctic
krill, Euphausia superba, feeds on ice algae (Marschall 1988;
Daly 1990; Daly and Macaulay 1991) in addition to phyto-
plankton, suggesting to us that grazing by krill may be a signifi-
cant source for DMS production in the antarctic coastal region.

During austral spring, we participated on a cruise to the
Antarctic Peninsula on board the R/V Polar Duke during

November 1992. Sea ice covered much of the surface water in
coastal embayments and primary production in the water
column was very low (Smith, Antarctic Journal, in this issue).
In Charlotte Bay and Paradise Harbor, juvenile bill were col-
lected by an Isaacs-Kidd Midwater Trawl, primarily near sur-
face among ice floes where many individuals were observed
feeding on the edge of floes. In general, DMS concentrations
in the water column were spatially variable (range of 0.05 to
10 nM), a finding that reflected the patchy nature of the envi-
ronment (DiTullio and Smith, Antarctic Journal, in this issue).

To test whether krill grazing on phytoplankton and ice
algae could lead to enhanced DMS production, two separate
experiments were performed. In the first experiment, three
bill were added to duplicate 4-liter (L) polycarbonate bottles
containing sea water with phytoplankton from Charlotte Bay.
The control treatment consisted of sea water incubated with-
out bill. The bottles were incubated with zero headspace at
0°C in large darkened aquaria for 48 hours (h). The addition of
krill resulted in a greater than threefold increase in DMS pro-
duction relative to both the initial and final (incubated) con-
trol treatment (figure 1).

The second test performed was a time-series experiment
in Paradise Harbor. Initial samples of ice algae were collected
and slowly melted in cold, filtered sea water to prevent ice
algal cells from rupturing. Juvenile bill were prefed on this ice
algae for 24 h for digestive acclimation. Initial concentrations
of pigments, DMS, and DMSP were determined. These results
will be published elsewhere. Different replicate bottles con-
taining three bill and ice algae were processed after incuba-
tion times of 3, 6, 12, and 22.5 h. Ice algae, bill, and fecal pel-
lets were sampled after each timed treatment. DMSP, DMS,
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