
peared to have little or no effect on the phytoplankton. When
examining each station individually, we found the period of
incubation had variable, and seemingly unpredictable, effects
on the parameters considered (table 2). The most striking obser-
vation was a consistent exponential decrease in chlorophyll over
time, so that the average concentration after 24 hours was only
50 percent of the initial value. At one station in each water mass,
this decrease in chlorophyll was significant (p < 0.05) at each
time increment.

Results of this experiment confirm that, similar to tropical
phytoplankton (Venrick, Beers, and Heinbokel 1977; Gieskes,
Kraay, and Baars 1979), high latitude phytoplankton commu-
nities are sensitive to containment even for short periods of
time. This again suggests that incubation times for phys-
iological rate measurements should be held to a minimum, and
that obtained rates must be interpreted with caution.

The large data set from the two Aguihas cruises is presently
being subjected to spectral and multivariate analysis. We antici-
pate that the results will lead to a better understanding of the

complex interrelationship between phytoplankton, krill, and
the physical/chemical environment.

This research was supported, in part, by National Science
Foundation grant DPP 81-11107.
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The waters near the receding ice edge in the southern ocean
have been reported to be sites of intense biological activity. This
activity includes large accumulations of marine mammals,
birds, and phytoplankton and seems to be in contrast to the
relatively low primary productivity measured over much of the
southern ocean (Holm-Hansen et al. 1977). In January-February
1983 we conducted an investigation of the causes and spatial
extent of ice-edge phytoplankton blooms. The study was con-
ducted onboard the USCGC Glacier in the area north of McMurdo
Sound (figure 1). A total of 37 stations were completed in the
region during leg II as well as seven additional stations off the
Ross Ice Shelf in leg III. Surface samples were also collected at
selected locations between full stations. Water samples were
collected using specially constructed polyvinyl chloride
samplers, and subsamples were collected for: salinity; nutrients
(nitrate, nitrite, ammonium, silicic acid, and phosphate); chlo-
rophyll a; particulate carbon, nitrogen, and silicon; and phy-
toplankton taxonomy. Additional samples were collected for
analysis of primary productivity and nutrient (nitrate, am-
monium, and silicic acid) uptake rates. Conductivity and tern-

perature profiles were made using an Applied Microsystems,
Ltd. CTD.

The sampling program was designed to test a number of
hypotheses, each of which could be a factor in the establishment
of phytoplankton blooms at the ice edge. Our primary hypoth-
esis was that meltwater from the receding ice edge created a
vertically stable region, thereby providing optimum light levels
for phytoplankton growth in the presence of high nutrients.
Other hypotheses that were tested include ice-edge upwelling
(which could provide increased nutrients for growth), de-
creased turbulence (due to decreased wind-induced turbulence
by the presence of ice), and "seeding" of the bloom by epontic
algae which had been released into the water column via melt-
ing. It is important to note that the hypotheses are not mutually
exclusive; that is, ice-edge blooms can be induced by vertical
stability yet seeded by recently released ice algae. We hoped to
determine which process or processes are the major ones in the
initiation and propagation of the blooms.

A massive bloom was observed during the entire cruise, with
maximum water-column chlorophyll concentrations averaging
4.08 ± 1.46 milligrams of chlorophyll a per cubic meter. Al-
though we have not yet been able to analyze the density/chlo-
rophyll distributions, chlorophyll/temperature profiles indicate
that in regions of melting pack ice, a stable surface layer was
created which then became the site of active phytoplankton
growth and accumulation (figure 2). Although ice melt probably
would not result in a warmed surface layer per Se, we feel that the
stable layer created by low-density meltwater was then inten-
sified by the heat absorbed during the constant 24-hour radia-
tion in the austral summer. In contrast, stations along the Ross
Ice Shelf showed no surface modification of salinity or tem-
perature, and phytoplankton biomass was not strongly corre-
lated with water-column density structure (figure 3).

Although data analysis is proceeding, we are confident that
our study will show the importance of the marginal ice edge as a
substantial area of increased phytoplankton biomass and pro-
duction. By further documenting this effect and understanding
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Figure 1. Map of the study area showing station locations sampled during leg II of the Glacier cruise (26 January to 2 February 1983).
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Figure 2. (Above) Temperature and chlorophyll profiles from the
marginal ice zone (station 3, leg II). Temperature data taken from	 100
expendable bathythermograph trace. (Depth is in meters; chlo-
rophyll is in milligrams per cubic meter.)

Figure 3. (Right) Temperature and chlorophyll profiles from a sta-
tion adjacent to the Ross ice Shelf (station 8, Glacier leg Ill; 78°06'S
178036'E). Temperature data taken from conductivity-temperature-
depth profile (courtesy of S. S. Jacobs). (Depth is in meters; chlo-
rophyll is in milligrams per cubic meter.)	 150
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its dynamics we can assess more accurately the overall produc-
tivity of the southern ocean and the role that ice-edge blooms
play in the trophic dynamics of the system.

This study was supported by National Science Foundation
grant DPP 81-19572. J . Elser, P. Whaling, D. Wilson from the
University of Tennessee-Knoxville and M. Carbonell, S. Moore,
and C. Weimer from Oregon State University assisted in the
field study.
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The Iles de Kerguelen, located just below the Antarctic Con-
vergence (figure), are associated with a rich and extensive group
of echinoderms. The distribution and densities of the echi-
noderms in the extensive Baie du Morbihan were reported by
Guille (1977), and their composition and biomass were reported
by Lawrence and Guille (1982a, 1982b).

We were at Kerguelen from 31 December 1982 to 15 February
1983 to study the bioenergetics of echinoderms in collaboration
with Alain Guille of the Museum of National d'Histoire
Naturelle in Paris, who has worked extensively in Kerguelen
and with whom Lawrence had collaborated in studies on Ker-
guelen in the austral summer of 1980.

The large number of echinoderm species on Kerguelen are of
particular interest, because many of them are polar species
occurring in a considerably different environment (Arnaud
1974). An interesting aspect of these species is the higher inci-
dence of direct development of their embryos (which involves
brooding by female) in comparison to echinoderms of the arctic
region (Thorson 1950; Arnaud 1974). The bases for direct de-
velopment of embryos, let alone for brooding, are uncertain.
Energetic considerations are the bases for some hypotheses
(Chia 1974, Strathmann and Strathmann 1982).

To test such hypotheses, we collected females of the heart
urchin, Abatus coradus a brooding starfish. Brooded eggs and
juveniles were counted, weighed, and lyophilized. These dried
samples are being analyzed to ascertain the relative amounts of
protein, carbohydrates, and lipid in the eggs and the changes
which occur during embryonic development. The caloric equiv-
alents of these organic constituents will indicate their relative
contribution to the egg, the investment of the female in the
eggs, and the cost of development. The results will be com-
pared with those for another brooding echinoderm from the
antarctic coast (Turner and Dearborn 1979) and for one from the
California coast (Turner and Rutherford 1976). (Additional spe-

cies of echinoderms were collected, but their reproductive state
and the presence of juveniles indicated that the peak of their
spawning probably had occurred in November.)

Descriptions of the intertidal zonation in the Baie du Mor-
bihan have been given in general terms (Arnaud 1974; Bellido
1982; Delephine 1963; Grua 1971). We did a quantitative transect
of the rocky intertidal area from the lichen zone to the extreme
low water below the Durvillea belt. All macroalgae in quadrats
were removed and weighed. All macroinvertebrates in quad-
rats, except the highly mobile isopods, were counted and mea-
sured. Specimens of each species of algae and invertebrates
were dried. These are being analyzed for organic composition
which will allow both organic and energetic representation of
the components of the intertidal zone.

Highest tidepools contained only encrusting coralline algae
with large numbers of the small chiton, Hemiarthrum setulosum.
Midlevel tidepools had a limited variety of green, brown, and
red macroalgae with large numbers of small mussels (Aulocomya
ater predominating over Mytilus edulis), chitons, and anemones.
Below the Durvillea belt low-growing macroalgae were associ-
ated with extremely high densities of A. ater (up to 336 per
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Iles de Kerguelen in the southern Indian Ocean. Arrow Indicates
location of Port-aux-Françals on the coast of the Bale du Morblhan.
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