
samples at station 8 (0.47 and 0.39 milligrams per cubic meter).
In the surface waters, the assimilation of the amino acid mixture
and glutamic acid was also the greatest for the 10-meter samples
collected at stations 7, 4, and 1. Samples collected at these
stations had turnover times of 75 to 206 hours for glutamic acid
and 78 to 215 hours for the amino acid mixture. These turnover
times are comparable to assimilation rates found for leucine and
glucose for the more productive areas of McMurdo Sound
(Hodson et at. 1981). Although the 10- and 25-meter samples
from station 8 contained the highest concentrations of chlo-
rophyll a, these samples did not have the shortest turnover
times for the organic compounds that were examined. This
result suggests that heterotrophic activity in the surface waters
in the vicinity of Palmer Station is not totally dependent upon
the algal biomass that is present.

The small islands near the station, especially those with rook-
eries, may be contributing substantial amounts of nutrients to
the surface waters. For example, Torgersen Island is reported to
have a penguin population of approximately 8,000 breeding
pairs of Adélie penguins during the austral summer (Heimark
and Heimark 1984). Adult penguins leave the rookeries to col-
lect krill and return to feed chicks who remain at the rookeries
from hatching in November until late summer. In addition,
penguin excreta from the rookeries are a rich source of phos-
phate, ammonia, and organic carbon (Ugolini 1972; Speir and
Cowling 1984). Nutrients and microorganisms associated with
the excreta and ornthithogenic soil may be washing into the
surrounding marine waters and thereby enhancing hetero-
trophic activity and productivity.

We would like to acknowledge the excellent cooperatin that
we received from the crew of the U.S. Coast Guard Arctic
Survey Boat and the support personnel from ITT Antarctic Serv-
ices, Inc. at Palmer Station.

This work was supported by National Science Foundation
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Microalgae at the ice edge in the
northern Weddell Sea

G.A. FRYXELL

Department of Oceanography
Texas A&M University

College Station, Texas 77843-3146

Species of microalgae clearly respond to the changes at the
edge of the ice, not only in the ice but also in the water column.
In the austral fall of the 1986 season, the iIv Melville and the U.S.
Coast Guard icebreaker Glacier visited the accreting ice edge.
Our findings were in marked contrast to those found in the
austral spring cruises of the U.S. Coast Guard icebreaker West-
wind and the Wv Melville in 1983. In the austral fall, those
microalgae in the phytoplankton that could make resting spores
had done so, and auxospores and maximum size of individual
cells showed that the sexual cycle of several species may be
triggered by the ice edge or processes associated with it. The
sparse population was generally dominated by many diatom
species, but the prymnesiophyte Phacocystis was well repre-
sented. Phytoplankton abundance was low in the fall, both

outside the ice and under it. Since the ice had been concentrated
by strong easterly winds during the previous month into a
north-south boundary, the adjacent water regimes probably
had much the same history of partial ice cover. Salps were
common under the ice only. Results from the fall cruises with
collections by R.W. Gould, Jr., M.A. Hoban, and G.A. Fryxell,
will be reported at a later date, but the two seasons showed
many obvious differences.

For example, in the austral spring of 1983, the ice edge had
begun to retreat and was in loose bands. There was a well-
defined upper water column about 50 meters thick (AMERIEZ

group in preparation), as in the fall, and the phytoplankton
under the ice was low in numbers. However, in the spring
outside the ice edge, nets clogged under near-bloom condi-
tions, dominated by two gelatinous colony-forming species: the
centric diatom Thalassiosira gravida Cleve and the prym-
nesiophyte Phaeocystis poucheti (Hariot) Lagerheim (Fryxell,
Gould, and Watkins 1985).

T. gravida was all but lacking in the ice (Buck, Garrison, and
Fryxell 1985) and under the ice, but increased greatly outside
the ice beyond station 19 (figure 1) at most depths, and it
continued to dominate the diatoms in net hauls taken on the Wv
Melville away from the ice. It is proposed that Thalassiosira was
seeded from the north, perhaps from subsurface layers, and
Phaeocystis from the ice-covered waters or the ice itself (Fryxell
in preparation.) The pennate diatom genus Nitzschia was also
abundant (figure 2), but the great increase in phytoplankton
outside the ice can be credited mainly to the centric diatom. Cell
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Figure 1. Estimated number of Thalassiosiragravida cells integrated
throughout the water column under 1 square meter in the transect
from south to north from samples taken on the U.S. Coast Guard
icebreaker Westwind. Stations 14-16 were in the heaviest ice, and
stations 20-24 had little if any ice.

numbers of the ribbon colony forming species of Nitzschia (sec-
tion Fragilariopsis) are indicated in figure 2 by the finest striping
("NITZ 1"), and they dominate the genus in the water under the
ice. They have dominated in the ice, in both spring and fall.

Especially common is Nitzschia cylindrus (Grunow) Haste,
shown here in the austral fall from a saip fecal pellet (figure 3),
where we found them to be abundant. In Antarctic Marine

Ecosystem Research at the Ice-Edge Zone (AMERIEZ) 1983 (aus-
tral spring), the salps dominated in the upper 500 meters of the
open water column (Torres et al. 1984). It appears that the
feeding filter of some salp species can clog in water with abun-
dant phytoplankton, although the salp has been seen to try,
often unsuccessfully, to dislodge it by swimming backwards
(Harbison, McAlister, and Gilmer 1986). Gelatinous colony for-
mers such as T. gravida and Phaeocystis could well form a bolus in
a salp and clog the filtering apparatus as they also clog nets.
This growth habit (utilized by both of the dominants, the di-
atom and the prymnesiophyte) may this be an effective defense
against grazing. Salps are considered to be nonselective
feeders, and vertical migrating might allow feeding in concen-
trated layers (such as in bloom areas, near the ice, or in canals at
the bottom of floes) without clogging. However, Torres et at.
(1984) found no evidence of salp diel migration in the 1983
cruise of the iIv Melville, but saip numbers did increase deeper
in the open water column as the season progressed.

The usually heavily silicified diatom genus Actinocyclus has
been of interest in antarctic and subantarctic waters (see Fryxell
and Semina 1981; Priddle and Fryxell 1985; Villareal and Fryxell
1983) lightly silicified, new species has been found in AMERIEZ
1983 material (Watkins and Fryxell in preparation). Silica is not
limiting (Nelson personal communication), and light silicifica-
tion would not be expected in these waters from environmental

NITZ1	NITZ2	NITZ3

Figure 2. Estimated number of cells of three groups of Nitzschia
species integrated throughout the water column under 1 square
meter with stations as in figure 1. "NITZ 1" is Section Fragilariopsis,
with ribbon colonies composed of cells united by the valve faces;
"NITZ 2" is Section Pseudonitzschia with chains formed of long,
needle-like cells with overlapping tips; and "NITZ 3" is Nitzschia
closterium (Ehrenberg) Wm. Smith, common in the golden, slushy
layer of ice under the snow on ice floes.

conditions. A closely related genus, Azpeitia, has principally a
warm-water distribution both for living and fossil species, but
there is one species apparently radiating into cold water, A.
tabularis (Grunow) G. Fryxell and P.A. Sims (Fryxell, Sims, and
Watkins in press). It reaches its greatest abundance north of the
ice edge in the subantarctic zone.

Polymorphic species such as Thalassiosira tumida (Janisch) Ha-
ste (Fryxell, Hasle, and Carty in press) are known from the
antarctic phytoplankton, and some explanations of its intra-
specific variation are coming to light. Growth conditions are
involved, but there is sufficient genetic variability to support
rapid phenotypic evolution under continued directional selec-
tion (Wood, Lande, and Fryxell in preparation). In the same
genus heterovalvy has been noted in resting spores Uohansen,
Doucette, and Fryxell 1985) and can be responsible for some
morphological discontinuities seen in field material and pre-
served in heavily silicified cells in sediments.

Theriot and Fryxell (1985) and Priddle, Heywood, and
Theriot (1986) found that distribution of net diatoms revealed
geographical patterns that could be interpreted in the light of
environmental factors. Although many antarctic phy-
toplankton species apparently have a circumpolar distribution,
the balance of species changes from one location to another in
response to immediate conditions. Thus the species composi-
tion and abundance reflect the history of the water as well as the
current growth conditions.
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Figure 3. Nitzschia cylindrus(Grunow) Hasle from a salp fecal pellet,
station 28, 64°58.4'S 50°55.9'W, 27 March 1986, U.S. Coast Guard
icebreaker Glacier, AMERIEZ 1986, from under the ice in the accreting
ice regime in the Weddell Sea. This small species is common in and
under the ice. Scanning electron micrograph by T.P. Watkins, with
scale bar equals 1 micromole.

Methods of photography being used on board ship have
included a modification of the promising filter-transfer-freeze
microscope slide preparation for quantitative estimates from
filters for whole-cell mounts with small flagellates (Hewes and
Holm-Hansen 1983; see Hewes, Reid, and Holm-Hansen 1984,
for thorough comparison with other methods) and a strobe light
system utilizing minimal automation. The combination has
proved quite reliable, even with shipboard vibrations from
multi-motored icebreaker activities, operation under cold con-
ditions to allow working with living material, and rough condi-
tions. Epiflourescent capabilities of the microscopes have great-
ly aided in distinguishing possibly living from dead cells (by
determining if they still retained their nuclei) and distinguish-
ing if living cells were probably heterotrophic or were capable of
photosynthesis (by autofluorescence of chlorophyll).

This work has been supported by National Science Founda-
tion grants DPP 82-18491 and DPP 84-18850, which are gratefully

acknowledged. G.A. Kendricks has provided technical
assistance.
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