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In polar regions, phytoplankton food for planktotrophic lar-
vae of marine invertebrates is extremely scarce during all but
a short period in the summer (Rivkin in press). Surprisingly,
the correspondence between larval feeding periods and the
midsummer pulse of phytoplankton production is not close
for many antarctic species (Pearse, McClintock, and Bosch in
press). In the case of the abundant sea star Odontaster validus
in McMurdo Sound, over half of the 4-month larval feeding
period occurs in the spring, well before the annual summer
pulse of phytoplankton (table 1). One explanation for this ap-
parent anomaly is the finding that larvae of 0. validus and
other invertebrates may have the ability to ingest bacteria,
which are seasonally more equable than phytoplankton (Riv-
kin et al. 1986). The relative importance of phytoplankton and
bacteria as larval food remains unknown, however. Our on-
going research evaluates this question as part of a more general
study of feeding and energy requirements of polar and tem-
perate echinoderm larvae.

Larval growth on different diets. Efforts during the 1989 field
season in McMurdo Sound were focused on laboratory and
field growth experiments of 40- to 90-day-old bipinnaria larvae
of 0. validus. Typically, about 1,000 larvae were placed in 1-
liter vessels with:
• lab-cultured phytoplankton and bacteria,
• field-collected phytoplankton and bacteria,

• lab-cultured bacteria,
• lab-cultured cyanobacteria, or
• field-collected bacteria.
Possible use of dissolved organic materials (Manahan et al.,
Antarctic Journal, this issue) was evaluated by providing sets
of larvae with natural seawater filtered through 0.2-micrometer
membrane filters to remove particulate food. All the vessels
were gently rotated on a plankton wheel for 7-21 days; the
media were changed every 2-3 days. The dry organic weight
of larvae was determined gravimetrically at the beginning and
end of experiments. We compared growth of larvae in the
laboratory with that of larvae reared within screened chambers
placed at various depths in the sea (see Olson, Bosch, and
Pearse 1987 for methods); these larvae had access to natural
food particles only, and their growth should represent a close
approximation of growth in natural populations.

There was substantial larval growth of 60-day-old bipinnar-
ias in all treatments containing particulate food, whether bac-
terized phytoplankton, cyanobacteria, or bacteria alone, and
whether from laboratory cultures or natural seawater (table 2).
There was no significant growth in the absence of particulate
food, and final mean larval biomass was significantly higher
in all treatments with particles present than in 0.2-micrometer
filtered seawater (one-way ANOVA, p<0.05). Moreover, as
was also found by Olson et al. (1987), the average biomass of
these larvae held within screened chambers in the field in-
creased significantly during a 10-day incubation period in No-
vember.

Larval stomach contents. What types of particles are larvae
feeding on in nature? To answer this question, we examined
by light and transmission electron microscopy the stomach
contents of larvae of 0. validus that were held in the field within
screened chambers for hours to days during different times of
the spring feeding period. Analyses to date of 30 larvae reveal
that their guts were generally empty during the first part of
spring (October to mid-November, when phytoplankton and
bacterial concentrations were low; Rivkin, Anderson, and Gus-
tafson, Antarctic Journal, this issue) (figure 1, blocks A and B),
or contained amorphous material (figure 2, block A). By early
December, some larval guts contained phytoplankton (includ-
ing empty diatom frustules) as well as other single cell organ-
isms (figure 2, blocks B-D).

Our studies demonstrate that bipinnaria larvae of 0. validus
grow on bacterized phytoplankton or on bacteria alone but not
when in particle-free water, and they ingest natural phyto-
plankton and other large particles in the field, although ap-
parently at extremely low frequencies depending on their
availability. We hope to refine these findings during the 1990-
1991 research season in McMurdo Sound and focus more on
the putative role of bacteria in the larval nutrition of these
ubiquitous sea stars.

Table 1. Numbers of embryos and larvae of the sea star Odontaster validus taken from surface waters near McMurdo Station during the
spring of 1985. No brachiolaria stage (140-167 days old) larvae were collected (from Bosch 1988).

Bipinnaria larvae
Month	 Embryos	 Gastrulas	 Early	 Mid	 Mid/Late	 Late

September	 39
	

11	 14
October	 7	 27

	
17	 C

November	 0	 29
	

27
5 December	 0	 0

	
10	 11
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Table 2. Change in mean biomass of bipinnaria larvae of
Odonaster validus maintained in the laboratory (11 days; 7-18

November) and in situ (10 days; 9-19 November) under different
food regimes. Standard deviations are in parentheses.

Biomass (nanograms per larva)a
% Increase

Food condition	 n	Final	Change	per day

Temperate phytoplankton	2	943 (77)	+436	7.8
Mixed polar phytoplankton	3	934 (98)	+427	7.7
Temperate cyanobacteria	3	891 (30)	+384	6.9
Lab-cultured bacteria	3	864 (14)	+357	6.4
Ambient bacteria

(<1 micrometer)	3	879 (28)	+372	6.7
Particle-free

(<0.2 micrometer)	1	590	+ 83	1.5
Ambient particles

(in situ)
	 5	868 (44)	+297	5.2

a lnitial biomass in laboratory and in situ cultures, 507 and 571 nano-
grams per larva, respectively.
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Figure 1. Early-stage larvae (45 days old) of Odontaster validus after
being held within screened chambers in the field from 18 to 25
October. Note empty digestive tract. A. Photo of living bipinnaria
approximately 0.5 millimeter in total length. B. One micron histo-
logical section of bipinnaria embedded in epon resin. (e marks the
esophagus, m the mouth, r the rectum, and s the stomach.)
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Figure 2. Transmission electron micrographs of stomach contents of bipinnaria larvae. A. Amorphous material (20 micrometers across)
found in stomach of 45-day-old larva after being held within screened chambers from 18 to 25 October. B. Unidentified phytoplankton cell.
approximately 10 micrometer across, in stomach of 90-day-old larva held in the field from 24 November to 8 December. C. Unidentified
single cell organism (20 micrometer diameter) in stomach of another 90-day-old bipinnaria held in the field as in block B. D. Chain of empty
diatom frustrules (total length 30 micrometer) in stomach of bipinnaria of same age and feeding history as block B.
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The presence or absence of accumulated lipids in arctic and
antarctic medusae and ctenophores was determined by visual
examination of living specimens with a dissecting microscope.
In the Arctic (between Iceland and Svalbard), gelatinous zoo-
plankton were hand-collected using scuba at depths of 0 to 25
meters in July and August 1988. Surface water temperatures
ranged from -I to 11 °C (averaging 2 to 4 °C) with a strong
thermocline. In the Antarctic, studies were done at McMurdo
Sound, Ross Sea (77°38'S 166°25'E) in November 1987 and
December 1988. Specimens were collected using scuba and
with a 1-meter plankton net fished through holes in the ice.
Water temperatures in the upper 20 meters were nearly iso-
thermal, ranging from -1.6 to -0.6 °C. Prior to this investi-
gation, the location of lipids in polar gelatinous organisms was
undocumented.

Lipids were seen in many of the more than 200 gelatinous
zooplankton specimens collected. They always consisted of
various sized droplets and larger masses within the lumen
of the gastrovascular system (figure). In ctenophores, lipids
were seen in the meridional canals below the comb rows, or
in one species (Mertensia ovum) in special sacs extending from

the tentacular canals (figure, block B). In medusae, they oc-
curred either in the stomach, ring, and/or radial canals (fig-
ure, block C).

Lipids were seen in 9 of 14 species of arctic medusae ex-
amined, including Aegina citrea, Aglantha digitale, Euphysa ja-
ponica, Halitholus pauper, Hybocodon prolifer, and Sarsia princeps.
In antarctic medusae, lipids were seen only in the stomach of
Solmundella bitentaculata; none were seen in Diplulmaris antarc-
tica, Kollikerina maasi, Leuckartiara sp., or Mitrocomella frigida.
All arctic ctenophores examined, including Beroe cucumis, Bol-
inopsis infundibulum, and Mertensia ovum, contained visible lip-
ids. In B. infundibulum small oil droplets (0.1 to 0.3 millimeters)
occurred in the meridional canals (figure, block A). Mertensia
ovum, the most abundant species of gelatinous zooplankton in
the Arctic, was unique in that large amounts of lipids (up to
10 to 20 milligrams) occurred in specialized "oil sacs" extending
orally along the tentacle bulbs (figure, block B). In the antarctic
ctenophore Callianira antarctica, juvenile specimens (1 to 2 mil-
limeters in length) contained an abundance of lipid droplets
both in the stomodeum and in the meridional canals, whereas
in larger specimens (12 to 45 millimeters) lipids were confined
to the stomodeum.

Accumulation of lipids was observed in feeding animals,
suggesting that the prey-derived lipids were unmodified. In
the Arctic, when Calanus spp. copepods were fed to M. ovum,
lipids were seen in the canals within 12 to 18 hours and sub-
sequently began to accumulate in the paired oil sacs. In the
Antarctic, when Calanoides acutus copepods were fed to C. ant-
arctica, lipids accumulated in the gut as the prey were digested
and remained there for more than 2 weeks. In the ctenophore
B. cucumis, an abundant and sometimes dominant species of
ctenophore in both the Arctic and Antarctic, most arctic spec-
imens contained some small, reddish-colored oil droplets (0.05
to 0.3 millimeters) within the meridional canal. These lipids
apparently came from its prey M. ovum, as was verified by
feeding experiments. Antarctic specimens of B. cucumis con-
tained only a few small droplets in the meridional canals.

Disappearance of lipids in starved animals suggested that
lipids are taken up and assimilated. Calanus spp. copepods
with large oil sacs were fed to starved arctic medusae and
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