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An unusually high proportion of antarctic marine inverte-
brates brood their offspring or produce lecithotrophic larvae,
presumably in response to the short growing season and gen-
erally low levels of planktonic food for larvae in polar regions.
The few successful obligately planktotrophic antarctic forms
seem to be nutritionally opportunistic (Rivkin, Anderson, and
Gustafson, Antarctic Journal, this issue) and have highly sup-
pressed metabolic demands (Manahan personal communica-
tion). It is increasingly evident, however, that some antarctic
echinoderms (e.g., the sea stars Porania antarctica and Acodon-
taster hodgsoni) produce larvae that are nutritional intermediates
of obligately planktotrophic and lecithotrophic forms (Bosch
1989; Bosch unpublished data). These unusual planktotrophic
larvae are provided with large stores of maternal yolk, a re-
source that may reduce their dependence on exogenous food.
Reported here are representative results of studies on the feed-
ing capabilities, energetics, and growth of yolk-rich plankto-
trophic larvae of Porania antarctica.

Adult P antarctica were collected at New Harbor, on the west-
ern shore of McMurdo Sound, in early December 1989 and kept
well fed in aquaria throughout the winter. In September 1990,
males and females were induced to spawn. The average volume
of an egg spawned by I? antarctica was 0.31 cubic millimeters,
corresponding to a dry organic weight of 22.7 ± 1.5 micro-
grams (mean and standard deviation). These values are ap-
proximately 15 and 22 times the volume and dry organic weight
of eggs produced by Odontaster validus, an antarctic sea star
with typical obligately planktotrophic larvae. A similar contrast
in dry organic weight exists between bipinnaria larvae of P
antarctica and 0. validus (24.7 ± 1.6 and 1.0 ± 0.01 microgram
per larva, respectively). Since larvae of the two species have
similar linear dimensions, this contrast is likely attributable to
differences in the concentration of endogenous material, par-
ticularly lipid (figure 1).

The ability of P antarctica larvae to feed on dissolved and
particulate sources of food was assessed using radiolabelled

prey (bacteria or algae exclusively) and individual organic sol-
utes. Brachiolaria larvae removed both a representative amino
acid (alanine) and a monosaccharide (glucose) from seawater
(table) at solute concentrations which are known to occur in
McMurdo Sound (Manahan et al. 1990). At equimolar solute
concentrations, the rate of alanine transport was much greater
than that of glucose. This relationship is well documented for
temperate larvae (Colwell and Manahan 1988). In addition to
feeding on dissolved organics, larvae of P antarctica ingested
and assimilated algae and bacteria (table), as determined by
liquid scintillation counting and tissue autoradiography. These
results confirm other reports of bacterivory by antarctic echi-
noderm larvae (Rivkin et al. 1986; Pearse et al., Antarctic Journal,
this issue). The ability to ingest algal cells, however, had not
been found for P antarctica.

Growth experiments carried out under controlled food con-
ditions confirmed our findings that larvae of P antarctica utilized
algae and bacteria. Larval differentiation and linear growth
were greater in cultures supplied with algae or bacteria than in
natural seawater filtered through a 0.2 micrometer (pore size)
membrane filter (figure 2). Rates of oxygen consumption were
measured for representative larvae from these growth experi-
ments using a polarographic microrespirometer. Based on
these rates and the feeding values reported here, we compared
the potential energy contribution of ingested and assimilated
algae and bacteria to the metabolic energy demands of brachio-
lana larvae. The percentage of energy compensation was con-
siderable but not complete (table). Nonetheless, even in the
absence of particulate food, larvae of P antarctica differentiated
to an early brachiolaria and increased in total length (figure 2).

Contribution of dissolved and particulate sources
of food to the metabolism of

Porania antarctica brachiolaria larvae at -1.0 °C
NOTE: Rates expressed on a per-larva basis. Feeding rates for alanine
and glucose are extrapolated from experiments at 1.0 micromolar. The
particulate foods were obtained from xenic cultures of the chlorophycean
Dunaliella tertiolecta by differential centrifugation and filtration.

Feeding	Assimilation Metabolic Percentage
Food source	rate per hour	ratea	rate 	contributionc

Dissolved
Alanine

(0.1 micromolar) 1.15 picomoles	1.98	5.35	36.9
Glucose

(0.1 micromolar) 0.01 picomole	0.02	5.35	0.4
Particulate
Algae

(104 per milliliter)	3.26 cells	2.71	7.59	35.6
Bacteria

(106 per milliliter)	3229 cells	3.07	5.06	40.4

a In microjoules per hour. To calculate assimilation rates (AR) for dissolved
foods, values for feeding rate (FR) were transformed to units of milli-
grams of carbon per hour and multiplied by the energy equivalent per
milligram of carbon (477 J). AR of particulates = FR x C x 477 where
C is the amount of carbon per cell (in milligrams). D. tertiolecta contains
174 picograms of carbon per cell (Pechenik and Fisher 1979). Based
on volume estimates, the average carbon content of bacteria used in
these experiments is 20 femtograms per cell (Simon and Azam 1989).

b In microjoules per hour. To calculate metabolic rate (MR), the rate of
oxygen consumption (in moles per larva per hour) is multiplied by the
oxycaloric equivalent of metabolism (454 kilojoules per mole of oxygen).
Percentage contribution = (AR/MR) x 100.
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Figure 1. Midsagittal histological sections of a yolk-rich bipinnaria of Porania antarctica (left) and an obligately planktotrophic bipinnaria
of Odontaster validus (right). Darkly stained granules of P antarctica are lipid inclusions. Scale bars represent 01 millimeter. (e denotes
esophagus. m denotes mouth. s denotes stomach.)

The energy contribution of amino acid transport to the devel-
opment of P antarctica can be high (table). Typical plankto-
trophic larvae (i.e., Odontaster validus) also transport amino
acids (Manahan et al. 1990), but under similar "particle-free"
conditions they cease to differentiate and lose biomass (Bosch,
Pearse, and Basch 1990).

Our observations suggest that in addition to bacteria, algae,
and dissolved amino acids, endogenous reserves can make im-
portant energetic contributions to the development of P antarc-
tica. This represents an increased nutritional flexibility relative
to that of typical echinoderm larvae. In oligotrophic waters of
the Antarctic, yolk-rich planktotrophic larvae may gain an ad-
vantage by being less dependent on any particular source of
food.
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Figure 2. Increase in total length and differentiation of 32-day-old
bipinnaria larvae under different food regimes. Total length values
represent means and standard deviations of two or three repli-
cates per treatment, with 15-20 larvae measured per replicate.
Sibling larvae were reared on diets consisting of either Dunaliella
tertiolecta at 104 per milliliter (A), bacteria at 106 per milliliter (•),
or no added particulate food (LI). All were in seawater filtered
through a 0.2 micrometer pore-size membrane filter. (p.m denotes
micrometer.)
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Many abundant and widespread animals of shallow antarctic
seas have pelagic, planktotrophic larvae (Pearse, McClintock,
and Bosch 1991). Morphologically similar larvae in temperate
seas presumably feed on phytoplankton (Strathmann 1987).
Nearshore waters of the Antarctic, however, are extremely oh-
gotrophic during much of the year (Rivkin 1991), and few phy-
toplankton cells are available to feeding larvae most of the time.
In particular, one of the most characteristic species in nearshore
antarctic waters, the asteroid Odontaster validus, spawns in late
winter, and the resulting planktotrophic larvae are present in
early spring (Pearse and Bosch 1986; Bosch, Pearse, and Basch
1990), months before the summer bloom of phytoplankton. Pre-
liminary experiments suggested that these and other feeding
larvae of antarctic invertebrates can ingest bacteria, which in
polar seas generally have higher and more equable densities
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Figure 1. Feeding rates of bipinnarias of Odontaster validus and
Asterina miniata on algal cells (Dunaliella tertiolecta) at four con-
centrations. Data given as means ±1 standard deviation for four
replicates (standard deviation was smaller than symbol for Aster-
ma). Rates were estimated by feeding the larvae carbon-14-labeled
algal cells and determining the amount of label in the larvae and
the food. The larval label (plotted as "cell equivalents") represents
food ingested and assimilated over the course of the feeding ex-
periment (6 hours for 0. validus, 3 hours for A. miniata) as well as
food in the gut at the end of the experiment. Our "cell equivalents"
would equal total cells ingested only if assimilation efficiency was
100 percent and respiration was negligible; actual ingestion rates
were about three times higher for A. miniata. (ML denotes milliliter.
HR denotes hour.)
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