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The shallow marine benthic community in Antarctica is
thought to be structured primarily by physical factors such as
ice scour and anchor ice at depths less than 15-30 meters (Day-
ton et al. 1969; Dayton et al. 1974; Pearse, McClintock, and
Bosch 1991). At deeper depths, biological factors such as com-
petition and predation are considered to be more important in
regulating the distribution and abundance of benthic inverte-
brates (Dayton et al. 1974). The extent to which chemical bioac-
tivity may mediate such processes as competition and preda-
tion within the antarctic benthic community has received little
attention (McClintock et al. 1990). The present study docu-
ments the abundance (numbers and energetic density) and
bioactivity of body tissues of three macroinvertebrates which
collectively constitute a conspicuous component of the benthic
fauna of McMurdo Sound, Antarctica. This work is a portion
of a larger program investigating the chemical ecology of ant-
arctic marine invertebrates. The long-term goals of this pro-
gram are to examine the incidence of bioactivity in sessile and
sluggish antarctic marine invertebrates, to isolate and identify
bioactive chemicals, and to evaluate the role of bioactive com-
pounds as feeding deterrents, antifouling agents, and/or com-
pounds that inhibit overgrowth.

Three common groups of marine invertebrates that are
known to harbor bioactive compounds in temperate and trop-
ical latitudes are the tunicates, soft corals and nernerteans
(Faulkner 1984, 1986; Kern 1985). The solitary tunicate Cnemi-
docarpa verrucosa, the alcyonean soft coral Alcyonium paessleri,
and the large nemertean worm Parborlasia corrugatus are polar
representatives of these groups and are common in McMurdo
Sound. To determine the relative abundance of each species,
we placed a minimum of three 20-meter transect lines on the
benthos using scuba at depths ranging from 15 to 30 meters (C.
verrucosa was examined at Danger Slope; A. paessleri and P
corrugatus were examined at Arrival Heights). We counted the
numbers of individuals occurring within 1 meter of each tran-
sect, and we determined the mean sizes of individuals within
the population by collecting a haphazard subsample of individ-
uals and measuring their wet weight. To determine the ener-
getic content of the tissues, subsamples of body components
(C. verrucosa) or whole body tissues (A. paessleri and P corruga-
tus) were lyophilized, weighed, and ground into a fine powder.
We conducted biochemical measurements following the proto-
col of Lawrence (1973). Energetic composition of tissues was
measured indirectly using energy-conversion factors. The en-
ergy content of an intact individual was calculated by multiply-
ing the energy content of the tissue (in kilojoules per gram of
dry weight) by the total dry weight of the individual. Energy
population density values were estimated for each species by
multiplying the energy content of a mean-sized individual by
the mean number of individuals per square meter.

The energetic compositions and numerical and energetic
densities are presented in table 1. In terms of kilojoules per
gram of tissue dry weight, these values are generally higher
than those reported by Dayton et al. (1974) for 19 species of
antarctic sponges. When averaged over the entire study area,
the mean population energetic density values were low com-
pared to some species of large sponges. Nonetheless, all three
species show clumped or aggregated distributions (Slattery et
al. 1990; Heine et al. 1991; McClintock et al. 1991), resulting in
higher population energy densities in some areas. Individual
and population-level energy contents, lack of conspicuous mor-
phological defenses, and sessile or sluggish nature make these
species potentially attractive prey for predatory invertebrates
or fish.
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Table 1. Numerical density, energetic composition, energy content, and estimated population energetic density of the antarctic tunicate
Cnemidocarpa verrucosa, the soft coral Alcyonium paessleri, and the nemertean Parlorlasia corrugatus.

Mean	 Mean
numerical	 Total adult	 energetic

Species	 density	 Energy composition 	 energy content c	densityd

Cnemidocarpa verrucosa 0.4	 15.1 (tunic)
17.7 (body wall)
22.6 (ovitestes)
9.5 (endocarps)

19.6 (gut)
16.3 (branchial basket)

493.0	 197.0

Alcyonium paessleri
	 6.2	 16.6 (whole body)	 99.6	 102.9

Parborlasia corrugatus	 0.3	 21.8 (whole body)	 207.0	 65.0

a Number per square meter.
b In kilojoules per gram of dry weight.

In kilojoules.
d In kilojoules per square meter.

We tested cytotoxicity of body tissues by preparing aqueous
extracts of body tissues and exposing them to sperm of the
antarctic sea urchin Sterechinus neumayeri. No cytotoxicity oc-
curred in the tunic of Cnemidocarpa verrucosa, but activity was
detected in the extracts of whole body tissues of Alcyonium
paessleri and Parborlasia corrugatus (table 2). Pieces or whole body
tissues were presented to antarctic fish along with pieces of fish
flesh as controls. Trematomus bernacchii rejected pieces of the
tunic and ovitestes, but not the body wall, of C. verrucosa, and
also rejected pieces of the soft coral A. paessleri (table 2). The
antarctic cod Dissostichus mawsoni always rejected whole nemer-
teans, and T bernacchii rejected significantly more pieces of P
corrugatus than controls, but still was capable of ingesting some
nemertean pieces. These results suggest that these species are
chemically bioactive and may explain why few observations of
predation on these species have been observed in the field. The
nature of the bioactive chemical(s) which may be present are
currently unknown. The pH of the tunic and ovitestes of C.
verrucosa was found to be neutral, and the copious mucous
produced by P corrugatus was highly acidic (pH =3.5).

We thank I. Bosch for making the pH measurements of the
mucous of P corrugatus. S. Duncan assisted with bioassays.
This research was supported by National Science Foundation
grant DPP 88-15959 to J.B. McClintock.
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Table 2. Cytotoxicity (sea urchin sperm assay) and
ichthyonoxicity (fish feeding deterrence assay) of the

antarctic tunicate Cnemidocarpa verrucosa, the soft coral
Alcyonium paessleri, and the nemertean Parborlasia corrugatus

NOTE: A plus sign indicates a significant inhibitory effect (p<0.05; Fish-
er's Exact Test or G Test) when compared to seawater (cytotoxicity) or
fish tissue (ichthyonoxicity) controls. A minus sign indicates no significant
effect. An asterisk indicates no test was run.

Cytotoxicity	Ichthyonoxicity
Sterechinus Trematomus Dissostichus

Species	 neumayeri	bernacchii	mawsonii

Cnemidocarpa verrucosa
Tunic extract	 -	*
Tunic pieces	 *	+
Ovitestes pieces	 *	 *
Body wall pieces	 *	-
Endocarp pieces	 *	-
Intestines	 *	-
Branchial basket	 *	-

Alcyonium paessleri
Whole body extract	+	*
Whole body pieces	*	+

Parborlasia corrugatus
Whole body extract	+	*	 *
Whole body pieces	*	+	 *
Intact whole body	 *	 *	 +
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