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Our work has involved field and laboratory studies of phy-
toplankton in order to relate to on-going krill studies and learn
more about the biology of the organisms in the waters sur-
rounding Antarctica.

Cooperation with the British Antarctic Survey (BAs) yielded
valuable phytoplankton collections on the RRV John Biscoe, cruise
3, from the vicinity of the South Georgia Island in 1981-1982
(Fryxell, Johansen, and Doucette 1982) Analysis of these sam-
ples is underway with early attention being given to the 100-0-
meter vertical phytoplankton net (37-micrometer mesh) hauls.
The same diatom species generally occurred at all stations but in
different relative abundances. Nearshore areas and offshore
stations with high chlorophyll a concentrations (data supplied
by R. B. Heywood, BAS), were dominated by Thalassiosira scotia

G. Fryxell et Hoban and Chaetoceros socialis Lauder. Offshore and
midwater areas with low chlorophyll a concentrations weri
dominated by several species of Nitzschia that form ribbon colt
nies, including N. kerguelensis (O'Meara) Hasle and N. sublinci

Hasle, and by Rhizosolenia hebetata forma semis pina (Hense
Gran. Examination of cleaned and mounted samples ak.
provided an opportunity in our laboratory to test a key to ti
antarctic Thalassiosira species (Johansen and Fryxell in prepai
tion). It will also be tested in the field by J . Priddle, BAS, on a hit
austral winter cruise (1983) on board the RRV John Biscoe.

Cleaned and mounted net collections aid identification ol
different water masses, but small noncolonial diatoms are un-
derrepresented; phytoplankton species without siliceous ele-
ments are completely destroyed by the acid-cleaning methods
employed. To augment net collections, we are analyzing dis-
crete whole water samples from the water column from selected
stations. This method is more time consuming, and identifica-
tion of many cells in water amounts is imprecise, but the actual
and relative abundance of soft algae and small diatoms is more
accurately represented. Species dominance patterns in these
samples resemble those in the net collections except that micro-
flagellates (about 5 micrometers or less in diameter) represent
about 25-50 percent of the total cell count in the settled water
counts (Theriot, in preparation*) . There is little variation with
depth (within the upper 50 meters), but differences exist in the
kinds and amounts of phytoplankton from 9tations with high or
low chlorophyll a values. Cooperative analysis with R. B.
Heywood, J . Priddle, and T. M. Whitaker, BAS, on interactions
among phytoplankton, krill, and physicochemical factors is
underway.

An earlier report dealt with Thalassiosira scotia dominating in
an early spring bloom (1978) in a transect north of South

* Work is in progress; draft copy not yet available.

Georgia (figure 1). In a few stations both north and south of
South Georgia, large numbers of cells were seen again and
resting spores of T. scotia abounded. The concept of evolution-
ary advantage of the costly process of resting spore production
has been interesting to explore (Fryxell 1983b). There are many
cell divisions "lost" to vegetative reproduction, plus the vege-
tative theca, and eventually the heavier resting spore theca is
also cast off (Fryxell 1983a). If the resting spores are produced at
the terminus of a bloom, then sinking of the resting spore could
carry the population into other regimes. The predominant west
wind, a real factor on South Georgia, could not account for
similar currents that could maintain what may be annual
blooms of Thalassiosira on both sides of the island but could
account for the northward extension in 1978.

Figure 1. Thalassiosira scotia, diatom resting spore (top), still en-
cased in vegetative epitheca (bottom) from ARA islas Orcadas cruise
1977-1978, station 34 (51 047'S 39030'W) 5 October 1978. Scale = 10
micrometers. Scanning electron micrograph.

Collections from the RRV John Biscoe, as well as from the
Norwegian Antarctic Expedition 1976-1977 and Brattegg cruise
(1947-1948), the HMNZS Endeavour (1957), together with the
Combined Antarctic Expedition of the M/V Ob (1955-1959) re-
sulted in a study of two species of Thalassiosira (Fryxell and
Hasle 1983). One of the species is unusual in that some lines of
areolae are extended, sail-like, out from the valve in some cases
(figure 2). The Soviet samples, studied by the late Olga G.
Kozlova, to whom the Fryxell and Hasle paper is dedicated,
were taken utilizing industrial separators that allowed even the
smallest cells in the water column to be concentrated in num-
bers large enough for study. Work continues on other interest-
ing species, especially those that now give evidence of resting
spore production and had been overlooked previously.

In a related project, analysis of water-column samples col-
lected in 1981 on board the SA Aguihas by M. A. Meyer (figure 1
in El-Sayed and Hampton 1981) are being analyzed. Water
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Figure 2. Thalassiosira dichotomica diatom valve with sail-like ex-
tensions of areolae walls as first seen in her light microscope by
Kozlova from collections on the Ob, (approximately 65 0S 930E) 9-10
January 1957. Scale 10 micrometers. Scanning electron
micrograph.

samples from seven depths at each of eight stations along two
transects, one oriented east-west at about 69°S and the other
north-south at about 30°W, are being enumerated on an inver-
ted microscope after settling. Preliminary results indicate that
the phytoplankton population is dominated by small pennate
diatoms [e.g., Nitzschia cylindrus (Grunow) Haste and N.
pseudonana (Hasle) Haste] and by unidentified microflagellates,
although cryptomonads, prasinophytes, and other larger soft-
bodied autotrophs were consistent components. Heterotrophs
were numerically dominated by loricate choanoflagellates
(Acanthoecidae) [Buck in preparation (a)*], although this com-
ponent of the settled samples was usually present at con-
centrations an order of magnitude less than the autotroph num-
bers (figure 3). These findings are contrary to data obtained
from the Weddell Sea ice edge (Buck and Garrison in press)
where Phaeocystis pouchetii (Hariot) Lagerheim (Prym-
nesiophyceae) was usually the dominant autotroph, and
choanoflagellates were, at some locations, the dominant pro-
tists. The findings of both studies support the emerging para-
digm of the importance of autotrophic and heterotrophic
nanoplankton to the trophodynamics of antarctic waters.

Visual inspection of this cruise's data revealed no marked
differences in species assemblages among stations. Planned
statistical analyses of these data include correlation with pro-
tists, krill, and physicochemical data [Buck in preparation (b)*]
as well as a comparison of these data from the oceanic waters
north of Queen Maud Land during the late summer and early
fall to those over the Georgia Rise and coastal waters around
South Georgia during late spring and early summer.

* Work is in progress; draft copy not yet available.

From samples shared with us from the laboratory of C. W.
Sullivan, preliminary work has been done on samples growing
in and under the ice at McMurdo Sound (Medlin and Hasle in
preparation*) . This flora contains many interesting pennate di-
atoms and is in marked contrast to ice samples previously
reported from the Weddell Sea (Buck and Garrison 1982), per-
haps in part because of the different manners of ice formation
(Garrison and Buck 1982).

Cultures of antarctic species have proved interesting to main-
tain, and work is continuing. Although resting spores have
rarely, if ever, formed in our cultures at temperatures close to
that of sea ice in clones of Thalassiosira antarctica Comber and
Porosira glacialis (Grunow) Jorgensen, morphological dif-
ferences have been noted in the scanning electron microscope,
all dealing with the siliceous structure of the frustule thus far
[Villareal and Fryxell in press (a)]. There is no evidence of a
slow, gradual change with reduction of temperature but rather a
discrete change with reduced or missing external tubes and
greatly constricted openings on the valves in what we now
recognize as the "cold-water form." We are looking for evidence
of these forms in ice algae.

Both field and culture material has been used to study the
diatom genus Actinocyclus [Villareal and Fryxell in press (b)],
which includes the antarctic, ice-associated diatom A. ac-
tinochilus (Ehrenberg) Simonsen (same as Charcotia actinochilus).
The degree of symmetry would indicate that it possesses at least
some primitive characters, although the presence of a single
pseudonodulus at the edge of the valve face introduces dissym-

* Work is in progress; draft copy not yet available.

DIATOMS DINO- MLCFQ- CHOANO-
FLAGELLATES

Figure 3. Range of cell concentrations for the four major groups of
protists enumerated from the water column In the southwest Indian
Ocean. 1981 SA Aguihas cruise.
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metry. The combination of field and culture work provides
insight we can obtain in no other way.

This research was supported by National Science Foundation
grant DPP 80-20381.
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Two cruises aboard the South African research vessel SA
Aguihas (28 February to 2 April 1980 and 10 February to 20
March 1981) have provided a suite of valuable information on
the phytoplankton, krill, and physicochemical environment of
the oceanic waters in the sector between Africa and Antarctica
(see El-Sayed and Hampton 1980, 1981 for details). We report
here on two aspects of this data set which have been analyzed
during the past year, namely, phytoplankton species and con-
tainment effects.

Discrete water samples collected and preserved during the
1980 Aguihas cruise (figure) were subjected to quantitative phy-
toplankton species analysis using a Zeiss inverted microscope
(Utermöhl method). Samples were collected from depths corre-
sponding to 100, 54, 30, 16, 8, 1, and 0.1 percent of surface light
intensity. Three to seven depths were analyzed for each of the
25 stations occupied. Mean water-column cell densities were
significantly (p=0.0001) greater for diatoms in antarctic than

* Present address: Department of Polar Research, Institute of Ecology, Polish
Academy of Sciences, Dziekanow, Lesny, Poland.

subantarctic waters but were significantly less for dinoflagel-
lates and the group of monads plus flagellates (table 1). Four
antarctic stations exhibited diatom concentrations of greater
than 1.1 x 106 cells per liter. Two of these were located in open
waters north of Queen Maud Land (stations 3 and 5) and two
were in oceanic waters to the southeast of Bouvet Island (sta-
tions 17 and 18). Cell counts at most depths at these stations
exceeded 1.0 x 106 cells per liter. The group of monads plus
flagellates occurred in high abundance at only one antarctic
station (station 3), where a maximum of 2.0 x 106 cells per liter at
the 0.1 percent light level increased the mean water-column
concentration of this group to 1.1 x 106 cells per liter. Total cell
counts at the remaining stations were relatively low and usually
exhibited a fairly uniform distribution in the water column.

Of the approximately 100 species of diatoms identified, the
most frequently encountered species were: Chaetoceros atlanticus
Cleve, C. criophilus Castracane, C. dichaeta Ehrenberg, and C.

gracilis Schutt; Corethron criophilum Castracane; Dactyliosolen ant-
arcticus Castracane and D. tenuijunctus (Manuin) Hasle; Rhi-
zosolenia alata f. inermis (Castracane) Hustedt and R. hebetata f.
semis pina (Hensen) Gran; Thalassiosira gracilis v. expecta Fryxell

Table 1. Water-column cell concentrations (mean cells per liter ± SD

from samples collected during SA Aguihas cruise
(28 February to 2 April 1980)

Antarctica	Subantarcticb

Diatoms	 6.0 ± 4.4 x 105	2.3 ± 2.3 x 10
Dinoflagellates	 2.1 ± 3.1 x 104	6.7 ± 4.9 x 10
Monads plus flagellates	1.8 ± 2.5 x 105	6.1 ± 4.4 x 10

a Total number of samples: 102.
b Total number of samples: 29.
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