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D
ramatic environmental and biological differences exist
between eastern and western McMurdo Sound, Antarcti-

ca (Dayton and Oliver 1977; Barry 1988; Barry and Dayton
1988). The eastern side, for example near McMurdo Station, is
predictably ice-free during the late austral summer and is
bathed by south-trending currents from the Ross Sea. A
strong phytoplankton bloom supports some of the world's
densest macrofaunal communities. The western side is much
more oligotrophic as a result of being more frequently ice-
covered and bathed by nutrient-depleted currents originating
from under the Ross Ice Shelf. It is characterized by low
macrofaunal densities which are comparable to those in the
bathyal deep sea.

Explorers Cove, situated in the oligotrophic western
sound, has been a focus for studies on benthic foraminifera
(for example, DeLaca, Lipps, and Hessler 1980; DeLaca, Karl
and Lipps, 1981; DeLaca 1986; Alexander and DeLaca 1987;
Bernhard 1987, 1989; Bowser and Bernhard 1993). Among
other things, these studies have shown that large agglutinated
foraminifera, which closely resemble bathyal taxa, are abun-
dant at depths accessible to scuba divers. This is, therefore, a
site of prime interest for deep-sea foraminiferal workers. One
goal of the 1993 field season was to obtain a more complete
survey of the foraminiferal community at our 10-27-meter
(m) deep study site to compare this shallow, cold-water, olig-
otrophic community with those from bathyal and abyssal
depths in the northeast Atlantic and elsewhere.

The foraminifera were obtained by scuba divers using
two methods:
• an air-lift suction system, which provided semiquantitative

samples of foraminifera larger than 1 millimeter (mm)
from approximately 1 square meter of the seafloor, and

• coring, which provided smaller (44.2 square centimeter
surface area), quantitative samples.

More work needs to be done on the material we collect-
ed, but some preliminary observations and conclusions can
be reported:
to As previous studies indicated, large, "primitive" (that is,

single-chambered) agglutinated foraminifera are very
abundant. Many of the most abundant species listed in
table 1 (Astrammina rara, Astrorhiza sp., Crithionina sp. 1,
Crithionina sp. 2, Psammosphaera sp., and an undescribed
"quartz ball" species that selects clear grains for its test) are
of this type. Most of these species live at or near the sedi-
ment surface (table 2). Some are probably suspension
feeders; others are believed to be carnivorous; and still oth-
ers take up dissolved organic matter (DeLaca, Karl, and
Lipps 1981).

• Komokiaceans and xenophyophores (large agglutinated
rhizopods that are typical of the deep sea) were not
observed in our samples, but solid, mudball-like structures
containing narrow, branching strands of cytoplasm are
fairly common. These organisms clearly are not true
komokiaceans since the cytoplasm is not contained within
a branching system of test tubules, as described by Tendal
and Hessler (1977). They may represent shallow-water
komoki analogues, however.

• As already shown by Bernhard (1987, 1989), smaller
foraminifera occur in the finer sieve residues (greater than
63 micrometers) of cores. Their abundance is less than in
bathyal northeastern Atlantic samples (Gooday 1986) but
is comparable to values from the abyssal N. Pacific (Snider,
Burnett, and Hessler 1984; Bernhard 1992). In addition to
it calcareous taxa, our new samples have
yielded a variety of soft-bodied allogromiids, including
several long, vermiform species which live mainly in the
deeper sediment layers.

• The finest sieve residues examined (31-63 micrometers)
contained a surprising assortment of tiny, flask-shaped
taxa. Some of these are clearly allogromiids but others
resemble the testate amoebae described from sublittoral
sands off the French Coast by Golemansky (1991).

• "Live" (rose Bengal stained) specimens of most of the large
foraminifera (greater than 1 mm) are concentrated in the
superficial 1 centimeter of sediment; only "quartz balls"
are common below this depth (table 2). Substantial num-
bers of "live" foraminifera in the 0.5-1.0-mm size range
occur in deeper layers, however, although they are still
most abundant in the upper 1 centimeter.

So what about the question posed in the title of this con-
tribution? The foraminifera living at our study site are clearly
different from most abyssal and lower bathyal assemblages in
several respects. For example, true komokiaceans and related
delicate, tubular, and chainlike taxa (Gooday 1990, pp. 63-91)
appear to be absent whereas large suspension feeders are visu-
ally conspicuous above the sediment surface. In part, these
differences must reflect the more oligotrophic nature of the
deep-ocean floor and the relatively coarser sediments (silty
sand) in Explorers Cove. On the other hand, there do seem to
be close parallels between our sublittoral (25-27-m) antarctic
assemblage and those recorded from depths greater than 100
m, sometimes considerably deeper, at certain northern, high-
latitude sites. For example, communities dominated by large,
mainly agglutinated foraminifera have been recognized
between 100 and greater than 500 m in Greenland fjords and
the northern North Sea (Stephen 1923; Spärck 1933; Thorson
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Crithionina sp. 1
Psammosphaera sp.
Astrammina rara
Astrorhiza sp.
Quartz balls
Crithionina sp. 2
Pyrgo sp.
Gromia sp.
"Komokiacean" sp.
Allogromia sp. 1

Quartz balls	 41
	

15.1
2
	

Psammosphaera sp.	39
	

14.3
3
	

Crithionina sp. 1
	

27
	

9.9
4
	

Allogromia sp. 1
	

24
	

8.8
5
	

Astrorhiza sp. 1	23
	

8.5
6
	

Astrammina rara	23
	

8.5
7
	

Allogromia sp. 2
	

19
	

7.0
8
	

Crithionina sp. 2
	

18
	

6.6
9
	"Komokiacean" sp. 2	16

	
5.9

10
	

Rhabdammina cornuta	7
	

2.6

1934; McIntyre 1961). Crithionina granum, a species which
closely resembles our Crithionina sp. 1, is the numerically
dominant organism in samples (greater than 1.3 mm) from
50-60 fathoms (91-100 m) in Loch Nevis, Scotland (McIntyre
1961). Another Crithionina species is extremely abundant at
much greater depths (1,400-1,500 m, 2,000-3,200 m) in the
Norwegian-Greenland Sea (Thies 1990, pp. 305-311). Finally,
the conspicuous occurrence of suspension feeding
foraminifera in Explorers Cove invites a comparison with
bathyal (600-800 m) biotopes on the Norwegian continental
margin (Lutze and Altenbach 1988; Linke and Lutze 1993). The
accessibility of our study site in Explorers Cove to scuba divers
provides a valuable-perhaps unique-opportunity to con-
duct experimental studies on these large foraminiferal species
and to observe them directly in their natural habitat.

The 1993 field program participants included the
authors, Stephen P. Alexander, Neal W. Pollock, and Robert

Table 2. Vertical distribution in the sediment of "live"
(rose Bengal stained) foraminifera in greater than 1-
millimeter (N=8) and 0.5-1.0-millimeter (N=3) sieve
fractions of core samples from Explorers Cove. (S.D.
denotes standard deviation.)

	

0-1	233	29.1	11.2	330	110.0	36.8

	

1-2	39	4.8	2.8	207	69.0	23.8

	

2-3	15	1.9	1.9	81	27.0	5.1

	

3-4	14	1.7	1.4	61	20.3	2.0

	

4-5	9	1.1	1.1	19	6.3	1.7

	

5-7	0	0	0	16	5.3	1.9

	

7-10	0	0	0	3	1.0	1.4
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N denotes the total number of "live" (i.e., rose Bengal stained) specimens in eight cores.
bN denotes the total number of "live" specimens (containing cytoplasm) in six samples.
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A
t depths below the effects of anchor ice and ice scour
(Dayton et al. 1969, 1970, pp. 244-258), the antarctic ben-

thos is thought to be structured primarily by biological factors
such as predation and competition (Dayton et al. 1974). Such
"biological accommodation" coupled with an extensive geo-
logical history characterized by relatively static environmen-
tal conditions (approximately 20 million years; Dayton et al.
1994) has provided ample time for the evolution of chemical
means of defense in gastropods and other antarctic marine
invertebrates (McClintock el al. 1990, 1991, 1992a, 1994a;
Baker et al. 1993). Water-column-dwelling gastropods, such
as pteropods, have likely been subjected to intense predation
pressure from pelagic fish. Moreover, although benthic gas-
tropods do not appear to be the preferred food of most bot-
tom-dwelling fish (Eastman 1993), they are likely prey of the
abundant seastars (Dearborn 1977, pp. 293-326; McClintock
1994).

As part of our multidisciplinary program investigating
aspects of the chemical ecology of antarctic marine inverte-
brates, we have undertaken studies to investigate antarctic
gastropods which are likely to possess chemical means of
defense. Previous studies (McClintock and Janssen 1990;
McClintock et al. 1992b) have revealed that whole-body tis-
sues of the antarctic pteropod Clione antarctica or mantle tis-
sues of the prosobranch mollusk Marseniopsis mollis and the
nudibranch Tritoniella belli are rejected by antarctic fish
(either Pagothenia borchgi-evinkii or Trematomus bernacchii).
Moreover, mantle tissue homogenates of M. mollis and T.
belli caused significant sensory tubefoot retractions in five
species of antarctic seastars (McClintock et al. 1992b). All of
these gastropods lack an external shell for defense, although

the prosobranch M. mollis has a vestigial shell imbedded
within the mantle tissues. Although these results indicated
that these antarctic gastropods were noxious to ecologically
relevant predators, the secondary metabolites responsible for
this bioactivity were unknown. In this paper, we review the
nature of the bioactive compounds and discuss their possible
dietary derivation.

The common pteropod C. antarctica was collected using
plankton nets near Hut Point and Cape Armitage in Novem-
ber and December 1993. Pteropods were sequentially extract-
ed in hexane, chloroform, methanol, and aqueous methanol.
The antarctic fish P. borchgrevinki and Pseudo trematom us
bernacchii showed feeding deterrence to 2 percent alginate
pellets containing 2 percent dried krill and tissue-level con-
centrations of the hexane extract [P.1. Bryan, W.Y. Yoshida,
J.B. McClintock, and B.J. Baker, unpublished manuscript: An
ecological role for pteroenone, a novel antifeedant from the
conspicuous antarctic pteropod C. antarctica (Gymnosomata:
Gastropoda)]. No feeding deterrence was observed in
response to pellets containing the other extracts or krill alone.
Using flash column chromatography, we further separated
the hexane fraction, and using high pressure liquid chro-
matography, we isolated five pure compounds. These com-
pounds were imbedded in alginate pellets and offered to both
antarctic fish. One of the compounds caused rapid rejection
of the krill pellets, and when we used 1- and 2-dimensional
proton and carbon-13 nuclear magnetic resonance (NMR),
we determined the compound to be a linear -hydroxyketone
(C 14H2402) and named it "pteroenone" (figure 1; Bryan et al.,
unpublished manuscript, previously cited; Yoshida et al. in
preparation). The primary prey of C. antarctica, the shelled
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