
At the same concentration of amino acid, however, larvae of A.
,niniata (12 °C) could supply only 3 percent of their metabolic
needs. The maximum transport capacity for amino acids in
larvae of A. miniata could supply 1.1-times (12'C) and 0.9-times
(15 °C) their metabolic requirements (see table 1). These ratios,
near unity, are similar to those found for larvae of other tem-
perate marine invertebrates (Manahan 1990). In contrast, for 0.
validus, the larvae had a surprisingly high J,,,, capable of sup-
plying 5.9-times (- 1 °C) and 8.8-times (-2 °C) metabolic needs
(see table 1).

The higher ratio of nutrient acquisition rates to metabolic
rates in the polar larva, relative to the temperate larva, will
mean that at a given nutrient concentration, the polar species
will be able to meet a larger proportion of its metabolic costs.
At a concentration of 50 nanomolar amino acid in antarctic
seawater, larvae of Odontaster validus could transport sufficient
substrate to supply 32 percent of metabolic needs. To supply a
third of the metabolic rate, larvae of Asterina miniata would need
an external concentration of 767 nanomolar, a 15-fold higher
concentration. Concentrations of 50 nanomolar and 767 nano-
molar are ecologically realistic in Antarctica (Welborn and
Manahan, Antarctic Journal, this issue) and temperate waters
(Stephens and Manahan 1984), respectively. The different pat-
tern of scaling of energy supply and demand may be an adap-
tation by the polar organism to the low food conditions that are
found for much of the year in Antarctica.

This research was supported by National Science Foundation
grant DPP 88-20130 to D. Manahan. Our thanks to the support

staff at McMurdo Station and to VXE-6 for logistic support and
a good time.
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Phytoplankton blooms in the region of McMurdo Sound are
highly seasonal and relatively short (Rivkin 1991). Therefore,
developing invertebrates must either do without algal food for
most of the year or use other food sources (e.g., bacteria or
dissolved organic material). Data on the changes in the amount
and composition of dissolved organic material in polar oceans
are scant, primarily due to analytical limitations. As part of a
study to determine the potential role that the uptake of dis-
solved organic material contributes to the nutrition of inverte-
brate larvae, we measured concentrations of specific chemicals
(sugars and amino acids) in seawater with high-performance
liquid chromatography. (For a comparison of algae and bacteria
as sources of food for larvae, see Pearse et al. and Rivkin,

Anderson, and Gustafson, Antarctic Journal, this issue.) Samples
(n = 263) were taken from surface waters (0 meters), the water
column (10 to 100 meters), and the sea-ice interface during the
period from September 1990 to January 1991. Sampling sites
were Hut Point, Cape Armitage, Cape Crozier, and the reced-
ing ice edge. This information, combined with data obtained
during the 1989-1990 season (Manahan et al. 1990), increases
our knowledge of the organic chemistry of waters around
McMurdo Sound and the availability of such material to marine
organisms.

Figure 1 gives representative chromatograms of sugars found
in seawater showing that the dominant sugars are fructose,
glucose, and sucrose. Concentrations of individual sugars in
water column samples were often below the limit of detection
(low nanomolar), but concentrations up to 100 nanomolar were
not uncommon. Much higher concentrations (micromolar) of
individual sugars were routinely found in surface waters under
ice, especially when sea-ice algae began to ablate (figure 1,
December) after which concentrations sharply declined.

As with sugars, amino acid concentrations in the water col-
umn were usually very low (10 to 50 nanomolar), but it was not
uncommon for samples to contain 100 nanomolar (total). Oc-
casionally, concentrations were in the micromolar range (e.g.,
6 December 1990, sample from receding ice-edge, 40-meter
depth, 1.4 micromolar, data not shown). Concentrations of
amino acids at the sea-ice interface and in surface waters near
sea-ice increased dramatically (figure 2, November) as sea-ice
algae began to grow, and concentrations decreased by mid-
summer (January 1991). Of particular interest were samples
from surface waters at the ice edge (figure 2, December) that
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Figure 1. Chromatograms from high-performance liquid chromato-
graphic analyses of dissolved sugars in seawater from sites
around McMurdo Sound (1990-1991 season). All samples for anal-
ysis were gently filtered through a 0.2-micrometer (pore size) filter
and frozen for later analysis (usually within a week) at McMurdo
Station. Sugars were separated on an anion exchange column and
quantified using pulsed amperometric detection. Individual peaks
are: 1, glucose; 2, fructose; 3, sucrose; 4, cellobiose. Concentra-
tions of total sugars vary from 200 nanomolar (September) to 3.2
micromolar (December).

contained very high (at least 490 micromolar total) concentra-
tions of amino acids (figure 2, December) and sugars (glucose,
25 micromolar). Such concentrations are the highest we are
aware of for ocean surface waters.

Having measured the composition and concentration of in-
dividual organic chemicals in seawater, we then determined
how such changes affect the chemistry of invertebrate larvae.
Specifically, for bipinnaria larvae of the asteroid Odontaster vat-
idus, we determined which amino acids found in seawater could
be transported and how changes in the amino acid concentra-
tion of seawater affected both the intracellular free amino acid
pools and the rates of protein synthesis. In the first experiment,
larvae were exposed to a mixture of naturally occurring amino
acids (figure 2, November) added to filtered seawater (0.2 mi-
crometer, pore size). At selected time intervals, concentrations
of each amino acid in the medium were measured with high-
performance liquid chromatography. In the presence of larvae,
neutral amino acids were depleted, but basic or acid amino
acids were not (figure 3, upper diagram), while the control (no

Figure 2. Chromatograms from high-performance liquid chromato-
graphic analyses of dissolved amino acids in seawater from sites
around McMurdo Sound (1990-1991 season). Samples were filtered
prior to analysis (see caption to figure 1). Samples were reacted
with o-phthaldialdehyde, separated on a reverse-phase (C-18) col-
umn and quantified using a fluorescence detector (Lindroth and
Mopper 1979; Manahan et al. 1983). Amino acid concentrations
ranged from 50 nanomolar (September) to at least 490 micromolar
(December, as shown this sample was diluted tenfold prior to in-
jection). (ASP denotes aspartic acid. GLU denotes glutamic acid.
b-GLU denotes beta-glutamic acid. ASN denotes asparagine. SEA
denotes serine. HIS denotes histidine. GLY denotes glycine. ALA
denotes alanine.)

larvae) had no measurable depletion of amino acids. These
findings are in agreement with data for temperate echinoderm
larvae (Manahan, Davis, and Stephens 1983).

In the next set of experiments, larvae were exposed to a
mixture of amino acids for up to 6 days to measure changes in
free amino acid pools and iates of protein synthesis. The mix-
ture used (mole-percents are given in the caption to figure 3)
was based on the molar composition of amino acids previously
found in surface seawater (figure 2, November). A low concen-
tration of larvae was used (1 larva per 2.5 milliliters) such that
no measurable depletion of amino acids occurred during the
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course of the experiments. At day 0, day 3, and day 6, larvae
were removed from the medium, and their amino acid pools
were extracted in 70 percent ethanol. Significant increases in
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Figure 3. Upper diagram: Net uptake of amino acids (measured
with high-performance liquid chromatography) from seawater by
bipinnaria larvae of Odontastar validus. The amino acids were ini-
tially present at 1.5 micromolar (total) (see below) and the concen-
tration of larvae was 302 per milliliter in 20 milliliters (temperature
was -1.8 °C). Lower diagram: Changes in the amounts of individ-
ual amino acids in the free amino acid pools of larvae of 0. validus
(extracted with 70 percent ethanol) after exposure for 0, 3, and 6
days to a mixture of amino acids in seawater (total concentration
of amino acids at 1.5 micromolar). The mole-percent of the mixture
(based on figure 2, November) was alanine 25 percent, glutamic
acid 21 percent, asparagine 19 percent, 3-glutamic acid 13 percent,
asparatic acid 10 percent, serine 5 percent, glycine 4 percent, and
histidlne 3 percent. During the experiment, the medium (filtered
seawater with added amino acids) was changed every 3 days to
avoid any measurable depletion of the substrates. The lack of
change in amino acid concentrations was confirmed with high-
performance liquid chromatography.

the free amino acid pools occurred only in the neutral amino
acids (i.e., those the larvae can transport) and, of those, only
the amino acids representing the smaller mole-percent (alanine,
histidine, serine) in the pools showed a measurable increase
(figure 3, lower diagram). In a series of 1-hour experiments
(coefficient of determination, r 2, values for incorporation rates
were all greater than 0.96), we determined the changes in the
rates of protein synthesis by measuring the rate of appearance
of radioactively labeled alanine in the macromolecular fraction
of larvae (that fraction of the larval homogenate which precip-
itates in 5 percent cold trichloroacetic acid). The rate was cor-
rected for the change in specific activity of the isotope due to
the increase in the amount of nonradioactive alanine in the
intracellular free amino acid pools of the larvae. The rate of
alanine incorporation into protein increased by 2.2-fold and 2.5-
fold (after 3- and 6-day exposure, respectively), when com -
pared to the control (no added substrates).

Larvae of Odontaster validus have the capacity for net uptake
(cf., isotope studies Shilling and Manahan, Antarctic Journal,
this issue) of neutral amino acids from seawater. At concentra-
tions found in surface waters, amino acids do aid in the nutri-
tion of the larvae.

This research was supported by National Science Foundation
grant DPP 88-20130 to Donal T. Manahan. We are grateful to
K. Mopper for advice with the sugar analysis. We would es-
pecially like to thank VXE-6 and Antarctic Support Associates
for their efforts in support of our field work.
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