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Biogenic production of dimethyl sulfide: Krill grazing
KENDRA L. DALY and GIACOMO R. DITuLLI0, Graduate Program in Ecology, University of Tennessee,

Knoxville, Tennessee 37996-1191

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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Figure 1. The DMS concentration following a 48-h incubation inside
a 4-L polycarbonate bottle incubated in darkened aquaria at 0°C.
Three krill were placed in each of the two krill treatments. The same
concentration of phytoplankton was added to each treatment.

and pigment concentrations were measured at the end of
each incubation time point. We report here only the change
in DMS concentration with time (figure 2). We observed no
difference in DMS concentration between treatments at the
3-h sampling point. All subsequent time points, however,
revealed DMS production rates that were 2.5 to 9 times higher
in the krill treatment relative to the control (figure 2).

Because of the prevalence of sea-ice algae and krill popu-
lations near these ice floes, we suggest that krill grazing on ice
algae may play an important role in DMSP and DMS cycling
processes near the Antarctic Peninsula. Based on the observa-
tion that the flux of particulate DMSP into sediment traps was
relatively low (DiTullio and Smith, Antarctic Journal, in this
issue), we conclude that krill grazing on ice algae may effec-
tively prevent the transport of particulate DMSP to depth and,
thus, may act to generate DMS or dissolved DMSP in the
near-surface waters of the Antarctic Peninsula region.

We thank W.O. Smith and D.M. Karl for the planning of
this expedition. This research was supported by National Sci-
ence Foundation grant OPP 91-16872 to W.O. Smith.
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