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Chemical constituents of four antarctic sponges in
McMurdo Sound, Antarctica
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S
ponges constitute the largest proportion of biomass on the
benthos of McMurdo Sound, Antarctica, occupying 55 per-

cent of free space; all other benthic invertebrates combined
cover only 5 percent of the McMurdo seafloor (Dayton et al.
1974). Antarctic sponges are known to be preyed upon by
seastars and/or gastropod mollusks, including the seastars
Perknaster fuscus, Odontaster validus, and 0. meridianalis
and the mollusks Tritoniella belli, Marseniopsis mollis, and
Austrodoris mcmurdensis (Dayton et al. 1974; McClintock et
al. 1994a; McClintock in press). In fact, P. fuscus is the major
predator of sponges, specializing on and regulating the abun-
dance of Mycale acerata, though including a small proportion
of many other sponges (Dayton et al. 1974).

Based on this central role of Perknasterfuscus in McMur-
do Sound sponge ecology, we developed a behavioral bioas-
say to evaluate the ability of sponges to deter P. fuscus
(McClintock et al. 1990; McClintock et al. 1994b) and found
that many sponges do in fact yield extracts that exert a behav-
ioral effect on P. fuscus, an effect that is likely indicative of
deterrence (McClintock et al. 1994b). During austral summer
1993-1994, we carried out the isolation and characterization
of chemical substances from several McMurdo Sound

sponges and report here on the defensive nature of sub-
stances isolated from Isodictya erinacea, Dendrilla membra-
nosa, Latrunculia apicalis, and Kirkpatrickia variolosa.

Sponges were collected using scuba between 6 and 40
meters depth from Hut Point, Danger Slopes, and Cape Evans
on Ross Island, Antarctica. Organisms were freeze-dried, then
subjected to solvent extraction of increasing polarity: hexane,
chloroform, 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 bioassay. Active extracts were examined by
thin-layer chromatography then subject to repeated high-
pressure liquid chromatography (HPLC) separation until
pure. Characterization of purified substances was carried out
using conventional one- and two-dimensional nuclear mag-
netic resonance experiments in combination with infrared
and mass spectral techniques (Silverstein, Bassler, and Morrill
1991). Chemotactic tubefoot response assays were conducted
according to McClintock et al. (1994b).

The methanol extract of Isodictya erinacea displayed
chemotactic tubefoot retraction activity (McClintock et al.
1994b). Erebusphenone and p-hydroxybenzaldehyde (figure)

ANTARCTIC JOURNAL - REVIEW 1994
153



Antimicrobial Pigment

CH3

+

__::< N-
NH2

Variolin ADiscorhabdin C

Erebusphenone

OAc

0

Dendnllin

nemicai structures of compounds isolated from McMurdo Sound sponges

IRZ4^	NHJ^^

OH
NH

were isolated from this extract by repeated HPLC purification
of fractions obtained from column chromatography (Moon,
Baker, and McClintock in preparation). Bioassay of the pure
substances revealed deterrent activity only in p-hydroxyben-
zaldehyde. A cyanogenic Verongid sponge recently reported
to contain a benzaldehyde derivative (Hamann, Scheuer, and
Kelly-Borges 1993) may use both the aldehyde and cyanide,
products of enzymatic degradation of a cyanogenic glycoside
(Knowles 1988, pp. 3-15), for defensive purposes. Cyanogene-
sis has not been reported in I. erinacea though the isolation of
p-hydroxybenzaldehyde raises the intriguing possibility that
this defensive pathway exists in this antarctic sponge.

Chemical analysis of Dendrilla membranosa revealed
secondary metabolites in both the hexane and methanol
extracts (Baker et al. in preparation). Nor-diterpenes dihy-
drogracillin A, membranolide (Molinski and Faulkner 1987),
and dendrillin (figure) (Baker et al. 1993) were isolated from
the hexane extract and displayed no tubefoot retraction
activity. The methanol extract of D. membranosa was signifi-
cantly deterrent (McClintock et al. 1994b), leading us to iso-

late the previously reported (Molins-
ki and Faulkner 1988) antimicrobial
pigment and a homarine derivative
(figure).

The antarctic green sponge
Latrunculia apicalis contains dis-
corhabdin C (figure) as the major
alkaloid. In addition to significant
tubefoot retraction activity, dis-
corhabdin C is a potent antibiotic
toward sympatric microorganisms,
isolated from the McMurdo Sound
water column, as well as other
microorganisms (Baker and McClin-
tock unpublished data).

The highly pigmented methanol
extract from Kirkpatrickia variolosa
displayed moderate chemotactic
tubefoot retraction activity. The
major pigment from this sponge is
variolin A (figure) (Trimurtulu et al.
1994), which we examined in our
tubefoot retraction assay. We found
variolin A displayed no activity
whereas an as-yet-uncharacterized
purple pigment was significantly
active (Baker and McClintock
unpublished data).
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stro for assistance with the diving
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Heine, Mark Hamann, and Mark
Slattery provided invaluable assis-
tance with collections and assays on
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National Science Foundation, and the U.S. Naval Antarctic
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supported by National Science Foundation grants to James B.
McClintock (OPP 91-18864) and Bill J. Baker (OPP 91-17216).
Bill J. Baker thanks Eli Lilly and Company for the donation of
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research.
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Egg production of the copepod Calanoides acutus (Giesbrecht)
in the Weddell Sea during spring

K.A. ROBERTS, G.S. KLEPPEL, C.A. BURKART, and K. CARTER, Oceanographic Center, Nova Southeastern University,
Dania, Florida 33004

R
ecent studies have shed light on the relationship between
environmental variability and the productivity of

Calanoides acutus (Huntley and Escritor 1991; Lopez, Hunt-
ley, and Lovette 1993; Huntley, Zhou, and Lopez 1994), the
most abundant copepod in the southern oceans (Andrews
1966). Many questions about the population dynamics of C.
acutus remain unanswered, however. Continued documenta-
tion of the spatial and temporal variability in egg production
by this copepod is required to understand its role in marine
ecosystems off Antarctica.

In this paper, we report on the egg production of C. acu-
tus in the marginal ice zone in the Weddell Sea between 27
November and 10 December 1993. Our study was part of a
larger investigation of midtrophic -level production in and
around the ice edge during the spring bloom. We will show
that egg-production rates were low and that cannibalism was
remarkably high during this period.

Egg production was measured by standard incubation
experiments (CDO1 to CD06) at six stations located between
latitudes 580 and 62°S and longitudes 370 to 39.5°W (table 1).
Copepods were collected from the upper 200 meters (m) of
the water column with a 1-square-meter plummet net (mesh
diameter was equal to 160 micrometers). In all experiments
except CD01, collections were made at approximately 08:00
hours and incubations began between 10:00 and 13:00 hours.
Copepods were pipetted into 12-liter (L) plastic containers
filled with prescreened (100-micrometer mesh) sea water col-
lected from discrete depths in the upper 200 m and mixed
together in a large container. C. acutus densities in the 12-L
incubation containers ranged from 0.4 to 1.3 per liter.
Depending upon the abundance of C. acutus in the plummet

net samples, two to six replicate containers were incubated
during CDs 03 to 06. C. acutus was scarce in the samples from
stations DS-01 and DS-06 (CDs 01 and 02). We could sort a
sufficient number of copepods (5-6) for only one incubation
container in these experiments. To account for eggs intro-
duced from the natural sea-water samples, 12-L water sam-
ples were preserved without copepods, and egg counts from
these samples (see below) were subtracted from those in the
experimental samples (Kleppel 1992). Only one egg was found
in all of the control samples.

Following approximately 24 hours of incubation at near-
surface temperatures under a simulated natural photoperiod,
copepods were checked for viability, and the contents of each
container was concentrated on a 35-micrometer mesh screen.
Samples were transferred, in approximately 20 milliliters of
filtered sea water, to scintillation vials and preserved in acid
Lugols iodine. Abundances and sizes of eggs, empty egg cases,
and nauplii were determined with an inverted microscope at
lOOx magnification.

The egg production of C. acutus was low throughout the
study region. Mean egg-production rates ranged from 0.8
eggs per female per day in CDO1 and 02 to 3.6 eggs per female
per day in CD05 (figure). Assuming egg and adult biomasses
of 0.4 micrograms of carbon and 65.5 micrograms of carbon,
respectively (Huntley and Lopez 1992), egg production
amounted to 0.2 to 2.2 percent of female body carbon per day
(table 2). Empty egg cases were abundant in all experiments
except CDO1; no empty egg cases were detected in CDO1.

In studies of other copepod species (Dagg 1977; Kleppel
1992), empty egg cases have been considered an indication of
hatching or of cannibalism by adults. In our study, nauplii
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