
Spatial and temporal variability within the Ross Sea were
clearly documented, but it remains uncertain what processes are
important in the control of this distribution. We are currently
investigating the factors controlling interannual differences in
the Ross Sea, and determining the primary causes of the observed
north-south gradient in phytoplankton biomass. We will be
analyzing our data to quantify the importance of loss processes,
surface layer regeneration, and variations in productivity to
assess the observed spatial and temporal trends in biogenic
matter in the western Ross Sea.

This research was supported by National Science Foundation
grant DPP 88-17070.
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Feeding rates of temperate and
antarctic sea-star larvae: A viscosity

effect?

VICKI B. PEARSE AND JOHN S. PEARSE
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University of California, Santa Cruz

Santa Cruz, California 95064

Larvae of temperate sea stars feed on microalgae at rates
many times those of comparable antarctic species (Pearse et al.
1991; Rivkin et al. 1991). In experiments with Asterina miniata
from Monterey Bay, California and Odontaster validus from
McMurdo Sound, Antarctica, using the same food concentra-
tion, the feeding rates of the temperate larvae were about 30
times those of the polar larvae. The same ratio of 30:1 has been
reported for the metabolic rates of these species, as determined
by oxygen requirements in a coulometric microrespirometer
(Hoegh-Guldberg et al. 1991).

It would be easy to conclude, therefore, that the difference in
feeding rates is a metabolic rate effect, and that the difference in
metabolic rates is in turn a temperature effect. Sea temperature
is indeed the most obvious difference between the habitats of
these two species; it can be as much as 20 'C warmer in the waters
of Monterey Bay than in those of McMurdo Sound.

However, temperature exerts other effects, among the most
dramatic of which is its effect on viscosity. Indeed, few physical
properties have as extreme a temperature coefficient as does the
viscosity of ordinary liquids (Vogel 1981). Seawater at antarctic
temperatures is about 50-60 percent more viscous than seawater
in central California (see figure), and for the feeding cilia of
invertebrate larvae, operating at low Reynolds numbers, viscous
forces dominate. The viscosity of the seawater is the dominant
factor determining the flow of the fluid, the movements of the
food particles in it, and their interactions with the feeding larva
(Vogel 1981; Emlet 1991).

It is desirable, therefore, to separate the effects of temperature
and viscosity on larval feeding. In the experiments described

here, we attempted to do this by allowing larvae of Asterina
miniata to feed, at normal California sea temperatures, in seawa-
ter of artificially elevated viscosity.

As viscosity agents, we chose two organic polymers that are
widely used for this purpose that are reported to be osmotically
inert and nontoxic: methylcellulose and polyvinylpyrrolidone.
The concentration of each agent in seawater of ambient tempera-
ture was adjusted to yield a viscosity equivalent to that of seawa-
ter at 0 'C, as determined empirically in an Ostwald viscometer.
Bipinnaria larvae kept in seawater solutions of both agents for
five days appeared to remain healthy and to behave normally
throughout the test period. For the experiments, larvae were
acclimated at elevated viscosity for several hours before being fed
for three hours on algal cells.

The results of both viscosity agents were similar (see table).
Larvae of Asterina miniata feeding at an elevated viscosity equi-
valent to that of the Antarctic, but at normal California sea
temperature, demonstrated sharply decreased feeding rates.
Indeed, their feeding was reduced to levels in the same range as
the feeding rates of antarctic sea-star larvae (Odontaster validus)
feeding at polar temperature and viscosity.

These results suggest that viscosity alone could account for
the feeding rate differences between antarctic and temperate sea-
star larvae. Furthermore, if the effect of temperature is exerted
solely through viscosity in a purely mechanical way, then feeding
rate is not at all a function of a temperature-dependent metabolic
rate. [Hoegh-Guldberg et al. (1991) have already proposed that
the metabolic rate differences involve more than temperature]
Could it be that, under strong selective pressure on antarctic
larvae to achieve maximal feeding rates in these oligotrophic
waters (Rivkin 1991), their feeding has become nearly or entirely
temperature-independent, metabolically, but has been unable to
overcome the limits imposed by the viscosity of near-freezing
seawater?

It would be premature to adopt this conclusion, for several
reasons. Solutions of these organic polymers are non-Newtonian
fluids, and their viscosity may not be entirely comparable to low-
temperature viscosity. Some other quality of the viscosity agents
may have contributed to the decrease in feeding. Moreover,
although the larvae of Asterina miniata and Odontaster validus
appear extremely similar, it is not unlikely that the latter
have, after all, evolved features that partially compensate for
the higher viscosity of antarctic waters, for example, in the
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Effective viscosity and feeding rate*

Feeding rate
as clearance rate: Ill/larva/hr
(mean ± standard deviation)

Asterina miniata
Monterey Bay, California, 15 to 17 C

Normal viscosity	 14.69 ± 0.57
Elevated viscosity: 0.25% Methylcellulose	0.23 ± 0.03

Normal viscosity	 15.56 ± 0.030
Elevated viscosity: 0.24% Polyvinylpyrrolidone 0.83 ± 0.04

Odontaster validus
McMurdo Sound, Antarctica, -1 to 0 C

Normal viscosity	 0.48 ± 0.12
Normal viscosity	 0.36 ± 0.11
Normal viscosity	 0.37 ± 0.05

*Clearance rates were estimated by feeding the larvae on algal
cells(Dunaiieiia tertiolecta, approximately 10,000 cells per mililiter)
labeled with carbon-14 and determining the amount of label in the
larvae and the food. The larval label represents food ingested and
assimilated over the course of the feeding experiment (three hours
for A. minlata, two replicate bottles of larvae for each value; six
hours for 0. valldus, four replicates per value).

LI viscosity	time

Decrease in viscosity of seawater with increasing temperature.
Left Y-axis, viscosity (data mostly from Vogel 1981). Right V-axis,
empirical calibration of Ostwald viscometer for seawater at 0 C
and ambient temperature (15-16 SC). The time in seconds for a
given volume of liquid to drain through the narrow glass bore of
the viscometer Is proportional to the viscosity. The concentration
of a seawater solution of each viscosity agent at ambient
temperature was adjusted until the time matched the value for
seawater at 0 C.

details of body shape and ciliary placement or dimensions (Vog-
el 1981; Emlet 1991). If so, the difference in feeding rate may be
the result of a combination of metabolic and viscous effects. It will
take more work to evaluate the relative importance of each, but
viscosity will likely prove a major force in the biology of polar
larvae.
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kin, respectively. We thank R. B. Emlet for helpful discussions

and for recommending our use of polyvinylpyrrolidone, D. E.
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and the staff of the Joseph M. Long Marine Laboratory of the
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