
100.0

50.0

30.0

15.0

N
W
0
C
0
0
0

1.0

0.1

References

Harrison, W.G.T., and T. Platt. 1986. Photosynthetic characteristics of
phytoplankton in the Eastern Canadian Arctic. Polar Biology, 5,
153-164.

Holm-Hansen, 0., and B.G. Mitchell. 1991. Spatial and temporal dis-
tribution of phytoplankton and primary production in the western
Bransfield Strait region. Deep-Sea Research, 38(8/9A), 961-980.

Huntley, M., D.M. Karl, P. Niiler, and 0. Holm-Hansen. 1991.
Research on antarctic coastal ecosystem rates (RACER): An inter-
disciplinary field experiment. Deep-Sea Research, 38(819A),
911-941.

Smith, W.O., Jr., and W.G Harrison. 1991. New production in polar
regions: The role of environmental controls. Deep-Sea Research,
38(12),1463-1479.

Wheeler, P.A., and D.L. Kirchman. 1986. Utilization of inorganic and
organic forms of nitrogen by bacteria in marine systems. Limnolo-
gy and Oceanography, 31(5), 998-1009.

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Chlorophyll-Specific Productivity
(mg C (mg Chi) - ' h')

Figure 2. Average chlorophyll-specific productivity in the euphotic
zone. (N=22.)

Dimethyl sulfide concentrations near the
Antarctic Peninsula: November 1992

GIACOMO R. DITULU0, Graduate Program in Ecology, University of Tennessee, Knoxville, Tennessee 37996-1191
WALKER 0. SMITH, JR., Botany Department and Graduate Program in Ecology, University of Tennessee,

Knoxville, Tennessee 37996

D
imethyl sulfide (DMS) emissions by marine phytoplank-
ton may have significant effects on both local and global

climate due to the formation of cloud condensation nuclei
and possible feedback loops between phytoplankton produc-
tion and cloud albedo effects (Charison et al. 1987). Satellite
images from the Coastal Zone Color Scanner (CZCS) have
revealed the regular occurrence of phytoplankton spring
blooms near the Antarctic Peninsula (Comiso et al. 1992).
These spring blooms are frequently composed of the colony-
forming Phaeocystis pouchetii. This prymnesiophyte contains
very high concentrations of the DMS precursor, dimethylsul-
foniopropionate (DMSP) per unit biomass compared to other
species of marine phytoplankton (Keller, Bellows, and Gui!-
lard 1989). As a consequence, DMS emissions during a Phaeo-

cystis bloom may be substantial (Gibson et al. 1990). We had
the opportunity, aboard the R/V Polar Duke, to make repeat-
ed measurements of DMS, DMSP, and algal pigment concen-
trations in November 1992 in two coastal embayments (Char-
lotte and Paradise bays) near the Antarctic Peninsula. Surface
waters were partially covered by ice. Primary production rates
and chlorophyll-a concentrations were relatively low at this
time indicating that the spring phytoplankton bloom had not
developed yet (Smith, Antarctic Journal, in this issue).

DMS concentrations were measured onboard ship using
a cryogenic purge-and-trap system similar to that described
in Radford-Knoery and Cutter (1993). Calibration was per-
formed using a permeation device maintained at constant
temperature in a water bath. DMSP and algal pigment sam-
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pies were frozen in liquid nitrogen and processed onshore
using standard chromatographic procedures.

DMS concentrations in both bays were relatively low
[0.08 to 8.6 nanomolar (nM)] and spatially variable (tables 1
and 2). DMS concentrations varied up to an order of magni-
tude from station to station. We attributed the patchiness in
DMS concentrations to the presence of sea-ice algae. The spa-
tial variability noted for both chlorophyll-a concentration and
primary production rate (Smith, Antarctic Journal, in this
issue) supported this hypothesis. Moreover, krill grazing on
sea ice was shown to increase the DMS concentration in bot-
tle incubations (Daly and DiTullio, Antarctic Journal, in this
issue). In general, particulate DMSP (DMSP part) concentra-
tions were highest in the surface waters [upper 20 meters (m);
tables 1 and 2] presumably where ice-algal concentrations
were highest. The inconsistent relationship among pigments,
DMS, and DMSPpart concentrations probably reflects the
patchy distribution of ice algae in this environment.

Phytoplankton biomass as estimated from chlorophyll-a
concentrations were less than 250 nanograms per liter (ng
L') near the Antarctic Peninsula in early to mid November
(tables 1 and 2). Phytoplankton species composition, as deter-
mined by high-performance liquid chromatography (HPLC)
pigment analyses, indicated the relative dominance of

Table 1. Representative profiles of dimethyl sulfide
(DMS), particulate dimethylsulfoniopropionate (DMSP),
and chlorophyll-a (Chl-a) concentrations measured in
Charlotte Bay (64 030.3 1S 61 042 1 W). The relative
abundance of diatoms and prymnesiophytes were
estimated using the concentration offucoxanthin (Fuco)
and 19-hexanoyloxyf4coxanthin (Hex), respectively. The
stations were occupied on 8 November 1992. (Fuco, 19-
Hex, and Chl-a measurements are in nanograms per
liter; DMS and DMSP are nanomolar; depth is in
meters.)

CB-01	2	7.7	9.3	84.2	0.38	1.05
CB-01	5	13.7	21.3	205.9	0.47	1.15
CB-01	10	15.9	27.6	234.2	0.71	1.09
CB-01	15	5.2	3.8	108.7	0.85	0.78
08-01	20	7.2	3.0	65.0	0.76	0.51

CB-01	30	15.4	5.4	73.3	0.56	0.25
CB-01	50	32.3	6.0	111.5	0.19	0.21
08-01	75	22.8	4.9	94.2	0.23	0.46
CB-01	100	7.6	1.2	29.0	0.08	0.21
GB-05	2	9.9	12.8	95.1	8.6	6.30

CB-05	11	11.3	13.5	213.9	7.9	9.40
CB-05	20	15.2	9.4	100.8	7.1	4.09
CB-05	31	12.7	7.3	79.4	7.3	2.94
CB-05	40	7.2	0.9	31.2	7.0	0.47
GB-05	49	25.3	9.3	106.2	6.7	<0.03

GB-OS	60	21.9	6.0	84.2	8.0	<0.03
GB-OS	76	19.1	6.8	83.1	8.5	0.50
GB-OS	90	9.6	2.2	28.4	8.5	0.41
GB-OS	150	0.1	<0.1	2.2	8.2	0.23

Table 2. DMS and particulate DMSP concentrations
measured in Paradise Bay (station PB-14 was located at
64 051.2 1S 62 055 1 W and station PB-30 at 64050.7'S
62 054.55 1W). The stations were occupied on 15
November and 17 November  1992, respectively. See table
1 caption for more details.

PB-14	2	44.9	9.8	174.3	4.79	1.05
P8-14	8	55.0	10.8	172.7	3.13	1.15
PB-14	14	58.1	11.2	191.9	6.47	1.09
PB-14	22	53.9	11.0	188.1	7.23	0.78
P8-14	35	58.4	9.9	205.2	6.95	0.51

PB-14	54	35.0	7.2	120.1	6.73	0.25
PB-14	82	20.1	5.1	64.4	0.43	0.21
PB-30	1	30.1	16.3	125.0	0.42	0.77
P8-30	8	22.5	5.2	127.2	1.08	0.68
PB-30	14	23.7	5.3	133.4	0.58	7.56

PB-30	22	42.0	6.1	221.1	0.56	0.66
PB-30	35	31.1	5.9	140.3	0.45	1.12
PB-30	54	35.7	6.4	133.0	0.39	1.14
PB-30	81	19.6	3.8	83.2	0.73	0.68

diatoms and prymnesiophytes, albeit at low concentrations.
The concentration of hex (chemotaxonomic indicator for the
presence of Phaeocystis pouchetit) could not explain the vari-
ability in DMS or DMSP part concentrations observed. We
hypothesize that efficient grazing on the ice algae by krill was
responsible for the observed variability and patchy distribu-
tion of DMS concentrations.

During the early austral spring, phytoplankton cells and
assemblages released by ice melting as well as from growth of
large colonies of Phaeocystis pouchetii may be subject to rela-
tively rapid sedimentation out of the photic zone (Riebesell,
Schloss, and Smetacek 1991). This mechanism could limit
DMS emissions to the atmosphere by removing DMSPpart out
of the upper layer where grazing processes could liberate
DMS from DMSP. To test this hypothesis, we measured the
flux of DMSPpart into free-floating sediment traps in both
Charlotte and Paradise bays. DMSPpart fluxes were relatively
low [0.8 to 6.1 micrograms (rig) S-DMSP per square meter per
day (rn 2 d- 1 )]. We conclude that very little DMSPpart was
transported to depth by sinking particles. It appears more
likely that efficient grazing on ice algae by krill and other zoo-
plankton was responsible for converting DMSP part to free
DMS and dissolved DMSP. Alternatively, the aggregates pro-
duced by sinking diatoms or Phaeocystis cells released from
melting ice were remineralized in the upper waters and
hence, were not exported to depth as was recently observed
for Phaeocystis cells in the Barents Sea (Wassman et al. 1990).

We thank D. Karl and G. Tien for providing DMSP sedi-
ment trap samples. We also acknowledge K. Daly, M. Pascal-
Dunlop, J.D. Goodlaxson, A. Schauer, and J. Ustach for assis-
tance in the field. M. Garrett provided assistance in the labo-
ratory. This research was supported by National Science
Foundation grant OPP 91-16872 to Walker 0. Smith, Jr.
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Chemical ecology of antarctic marine invertebrates in
McMurdo Sound, Antarctica: Chemical aspects
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R
ecent studies have indicated that extracts from antarctic
marine invertebrates display a variety of biological activi-

ties, including cytotoxicity and antiviral activity (Blunt et al.
1990), behavioral activity (McClintock et al. 1991), and
antimicrobial activity (McClintock and Gauthier 1992;
McClintock et al., Antarctic Journal, in this issue). Although
little chemical investigation of these organisms to identify the
active substances has been undertaken, several reports of sec-
ondary metabolites from antarctic sponges have appeared
(Molinski and Faulkner 1987, 1988; Blunt et al. 1990; Blunt,
Munro, and Faulkner personal communication). Based on the
results of our work during the 1992 field season, we have
investigated several sponges for the presence of bioactive
substances and have found two new substances. Their role in
the producing organism is addressed.

Using scuba gear, we collected sponges between 6 and 40
meters (m) depth from Hut Point, Danger Slopes, and Cape
Evans on Ross Island and between 10 and 40 m at New Harbor
on the continental coast. Most sponges were common at each
of these collection sites, although some localization was
noted. Gellius tenella, for example, was found in abundance
only at Cape Evans, and Mycale acerata was more common at
Danger Slopes. Organisms were freeze-dried, then subjected
to solvent extraction of increasing polarity: hexane, chloro-
form, methanol, and 70:30 methanol/water (three times
each). The solvents were removed in vacuo, and the extracts
were transferred to tared vials from which aliquots were
removed for assay. Active extracts were examined by thin-
layer chromatography then subjected to repeated high-perfor-
mance liquid chromatography (HPLC) separation until pure.

In their seminal paper describing biological accommoda-
tion in the benthic community of McMurdo Sound, Dayton et
al. (1974) singled out three species of sponges that were not
being preyed on and that were without spicules or mucus,
thus suggesting that they might be chemically defended. Of
the three, Dendrilla membranosa, Leucetta leptorhapsis, and
Isodiclya erinacea, only the first has been subjected to chemi-
cal investigation. We have found significant bioactivity in all
three of these sponges (McClintock et al., Antarctic Journal, in
this issue; McClintock et al. in preparation) and have under-
taken their chemical investigation.

D. membranosa, the "cactus sponge," is a bright yellow,
conspicuous sponge. In 1988, Molinski and Faulkner
described 9,11 -dihydrogracilin A (DHGA) and membranolide
from the lipophilic extract of this organism and implicated
them as defensive agents. Both of these showed mild activity
against the microorganism Bacillus subtilis. We examined the
extracts of D. membranosa in an antimicrobial screen and an
ecological assay (McClintock et at., Antarctic Journal, in this
issue; in preparation). The hexane extract was composed
largely of DHGA and showed no significant activity in either
of our assays (Baker et al. 1993). These results suggest that the
terpenes in this fraction, DHGA, membranolide, and an epoxy
derivative of DHGA that we isolated (Baker et al. in prepara-
tion) play no role in deterring the predator of the sponge, the
sea star Perknasterfuscus. As for the role that these metabo-
lites play in the physiology of the sponge, they may well be
cell wall components. This hypothesis is based on the lack of
bioactivity observed for these substances, coupled with the
fact that, in contrast to other antarctic sponges, the hexane
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