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Phytoplankton from the southwestern
Atlantic Ocean

G.A. FRYXELL, R.W. GOULD, JR., and T.P. WATKINS

Department of Oceanography
Texas A&M University

College Station, Texas 77843

Dynamic changes of phytoplankton abundance under frontal
conditions presented by the antarctic ice edge have been con-
firmed by quantitative data from preserved water samples, rela-
tive abundance measurements from net hauls, and experiments
with living cultures. Materials were collected on the November
and December 1983 cruises of the U.S. Coast Guard icebreaker
Westwind and RIV Melville as part of the AMERIEZ (Antarctic
Marine Ecosystem Research at the Ice-Edge Zone) project. Our
data show an ice-edge phytoplankton increase (not a surface
discoloration or "bloom"), dominated by the prymnesiophyte,
Phaeocystis poucheti (Hariot) Lagerheim, and the diatom,
thalassiosira gravida Cleve. Using samples taken under and in
the ice, plus those from the open ocean, we conclude that T.

^
ravi'da was part of austral spring phytoplankton increase inocu-
ated from the west or from the north and travelling south to the
ce edge, while Phaeocystis was an important part of phy-
oplankton under the ice and showed a great increase in situ as

he seasonal ice melted (figure 1).
Acrylic acid production by Phaeocystis was confirmed by
uillard and Hellebust (1971), and it has been suggested that
erring avoid dense blooms of this taxon. The colonial stage of

Phaeocystis is reputed to affect phytoplankton adversely, as well,
t least in northern waters (Yentsch personal communication).

I fact, the presence of Phaeocystis can be indicated by an altered
ppearance of cellular contents in other phytoplankton (chlo-

r sis and a heavy granulation of the cellular contents, Smayda
1973). Such a negative relationship between the dominant di-

oms and Phaeocystis was not noted in our material. On the
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contrary, often the numbers of Phaeocystis and diatoms (from
discrete samples taken at 7 or 8 depths at each station) showed
increases or decreases that were parallel, or directly related.
There was an exception deep under the ice at the southernmost
station and in an ice core, where the Phaeocystis maximum was
in dim light, but diatoms were not abundant. We have no data
on species succession at any one station or in any one water
mass as yet.

We noted what may have been zygote production by Pha-
eocystis, with the maximum number of such cells at the surface
farthest south into the ice zone (Westwind stations 15, 14) and
deeper into the water column north toward the ice edge. This
stage will be sought in future collections.

Under the ice, the classic antarctic phytoplankton was pres-
ent, but with few resting spores (Fryxell, Theriot, and Buck
1984). The quantitative analysis showed dominance by species
of the diatom genus Nitzschia united in ribbon colonies (figure
2). N,tzschia spp. from the water columns of the two stations
farthest south (Westwind stations 15, 14) averaged 70 percent of
the diatoms, while those from the stations out of the ice (West-
wind stations 20 through 23) averaged less than half that. Abso-
lute numbers of Nitzschia did not decrease, but other diatom
numbers showed greater increases. Cell counts of water col-
umns under the ice averaged 22.5 x 10 911cells per square meter,
an order of magnitude higher than in the open ocean of lower
latitudes (Fryxell, Taguchi, and El-Sayed, 1979).

Away from the ice edge, cell counts were even higher, with an
average of 41.6 x 10 9 cells per square meter in the water col-
umns of the four open-ocean samples of the Westwind. In addi-
tion to Phaeocystis, the water column was dominated by
Thalassiosira gravida (figure 3). The diatom, like Phaeocystis, oc-
curred in this area in gelatinous colonies. The fact that both
dominant taxa, not representing closely related organisms,
showed the same growth habit provides enticing clues as to
form and function of phytoplankton as well as to the nature of
winter water or turbulent water as a medium for phytoplankton
growth. T gravida also dominated the net hauls from the R/V
Melville, especially in stations farthest north in the early part of
the study period, reaching south toward the ice by the first of
December.
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Figure 1. Relative abundances of diatoms and prymnesiophytes in
samples taken during AMERIEZ on board the Westwind. ("rn- 1 " de-
notes "per meter.")

The abundance of the prymnesiophyte under and in the ice,
as well as a possible sexual stage in the life cycle under the ice
suggests that the seed stock of that part of the ice edge "bloom"
came from the water column under the ice and from the ice
itself. On the contrary, low numbers of T. gravida under the ice
(from 0 to 7,000 cells per liter, with an average of less than 1,000),
as opposed to an average of more than 150,000 cells per liter in
all samples taken north of the ice at cruise's end suggest that this
component was radiating principally from outside the ice.

The importance of the diatom genus Thalassiosira in blooms
and upwellings makes its dominance in the austral spring of
1983 come as no surprise, and a key to the species found in

antarctic waters has now been published (Johansen and Fryxell
1985), illustrated principally with light microscopy and stylistic
drawings. The vegetative and resting spore ultrastructure of the
bipolar diatom T. antarctica Comber has been studied in light
and electron microscopes (Doucette, Burghardt, and Fryxell
1984; Doucette and Fryxell 1985). They noted distinctions in the
ultrastructure of life stages but saw few discernable differences
between the disjunct populations. Johansen, Doucette, and
Fryxell (in press) explain variation in Thalassiosira resting spore
valve morphology by restrictions placed on the developing
valve by its position within the chain. Their material came from
a scanning electron microscope study of field populations
around South Georgia, taken on the 1982 cruise of the RRS John
Biscoe.

Figure 2. Ribbon colony of Nitzschia sp., a representative of the
genus that dominated under the ice. Nitzschia spp. accounted for 70
percent of diatoms at the two stations farthest south (Westwlnd
stations 15, 14). (Light micrograph.) ("gm" denotes "micrometer?')

It does appear, however, that the potential is present for
genetic separation of disjunct populations on relatively short
time scales. A.M. Wood and R. Lande, University of Chicago,
have been working with us on the inheritance of morphological
variance within and among 10 genotypes of the antarctic diatom
T. tumida (Janisch) Hasle, using a combination of light and
scanning electron microscopy on clones isolated on board the
Westwind. T. tumida is a variable species (Fryxell, Hasle, and
Carty in preparation) also known to cause blooms in antarctic
waters. Preliminary analysis thus far reveals a highly significant
component of genetic variation: about 30 percent of the total
phenotypic variance is caused by genetic differences between
clones. These results suggest that natural populations of di-
atoms contain sufficient genetic variance for significant mor-
phological evolution on a time scale of weeks or months. Dy-
namic ocean fronts, such as the ice edge, can thus be expected
to provide temporary isolated zones that could play vital roles in
evolutionary patterns.

Morphologic studies on other diatom genera are underwa
with antarctic material making key contributions. A portion o
the planktonic genus Coscinodiscus was being considered as
new genus, with the proposed name Circellus (Fryxell
Johansen, and Doucette 1982), but examination of fossil materia
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at the British Museum (Natural History) and the Museum Na-
tional d'Histoure Naturelle, Paris, confirmed that the group fits
into an existing fossil monospecific genus, Azpeitia (Fryxell,
Sims, and Watkins in preparation). Although it is considered to
be a warm-water genus, one member with primitive charac-
teristics (described as Coscinodiscus tabularis Grunow, to be
transferred to Azpeitia) has radiated into antarctic waters. It does
not, however, reach as far south as the ice.

64 species found and distributional records revealing zonal
patterns from the austral spring and fall 1978 - 1979 cruises of
the Islas Orcadas.

The antarctic portions of the above studies were supported by
National Science Foundation grants DPP 78-23463, DPP 80-20381,
DPP 82-18491, and University of Chicago subcontract DE-ACO2
81-ER60014.

Figure 3. Thalassiosira gravida, a diatom that, with Phaeocystis,
dominated the water column outside the ice. This diatom, like the
prymnesiophyte, occurred in gelatinous colonies. (Scanning elec-
tron micrograph.) ("Lm" denotes "micrometer.")

The closely related diatom family, Hemidiscaceae, appears to
share a common ancestor with the genus Azpeitia and may be
directly descended from Azpeitia. Generic concepts of its mem-
ber genus, Actinocyclus, are being explored in regard to warm-
and cold-water species, including one species found under the
ice on the AMERIEZ project (Watkins and Fryxell in preparation).

Because the literature dealing with the dominant diatoms of
antarctic waters is scattered, a handbook is now in press (Prid-
die and Fryxell in press) and should soon be available. It is an
annotated compilation of literature from diverse sources intend-
ed for the light microscopist. Scanning electron microscopy has
been used in a morphological study of the armored dinoflagel -
lates in the southwestern Atlantic Ocean (McKenzie 1985) with

References

Doucette, G.J., and G.A. Fryxell. 1985. Thalassiosira antarctica
(Bacillariophyceae): Vegetative and resting stage ultrastructure of an
ice-related marine diatom. Polar Biology, 4, 107 - 112.

Doucette, G.J., R.C. Burghardt, and G.A. Fryxell. 1984. The genus
Thalassiosira: Protoplast ultrastructure of the bipolar diatom
Thalassiosira antarctica. Canadian Journal of Botany, 62, 1513 - 1522.

Fryxell, G.A., G.R. Hasle, and S.V. Carty. In preparation. Thalassiosira
tumida (Janisch) Hasle: Observations from field and clonal cultures.
Proceedings of the 8th International Diatom Symposium, Paris.

Fryxell, G.A., J.R. Johansen, and G.J. Doucette. 1982. Phytoplankton
cultures and collections around South Georgia. Antarctic Journal of the
U.S., 17(5), 160— 162.

Fryxell, GA., P.A. Sims, and T. P. Watkins. In preparation. Evolutionary
patterns in the Coscinodiscineae: Azpeitia and promorphology. Sys-
tematic Botany Monographs.

Fryxell, GA., S. Taguchi, and S.Z. El-Sayed. 1979. Vertical distribution
of diverse phytoplankton communities in the central Pacific. In J.L.
Bischoff, and D.Z. Piper (Eds.), Marine geology and oceanography of the
Pacific Manganese Nodule Province. New York: Plenum.

Fryxell, GA., E.C. Theriot, and K.R. Buck. 1984. Phytoplankton, ice
algae, and choanoflagellates from AMERIEZ, the southern Atlantic
and Indian Oceans. Antarctic Journal of the U.S., 19(5), 107-109.

Guillard, R.R.L., and J.A. Hellebust. 1971. Growth and the production
of extracellular substances by two strains of Phaeocystis poucheti. Jour-
nal of Phycology, 7, 330-338.

Johansen, JR., and G.A. Fryxell. 1985. The genus Thalassiosira
(Bacillariophyceae): Studies on the species occuring south of the
Antarctic Convergence Zone. Phycologia, 24(2), 155 - 179.

Johansen, JR., G.J. Doucette, and G.A. Fryxell. In press. The genus
Thalassiosira (Bacillariophyceae): Morphology of heterovalvate resting
spores of T. scotia. American Journal of Botany.

McKenzie, C.H. 1985. Armored dinoflagellates of the southwestern
Atlantic Ocean. (Doctoral dissertation, Texas A&M University.)

Priddle, J., and G.A. Fryxeli. In press. Handbook of the common plankton
diatoms of the southern ocean. Cambridge: British Antarctic Survey.

Smayda, T.J. 1973. The growth of Skeletone,na costat inn during a winter-
spring bloom in Narragansett Bay, Rhode Island. Norwegian Journal of
Botany, 20, 219 - 247.

Watkins, T.P., and G.A. Fryxell. In preparation. Generic limits in the
diatom genus Actinocyclus: Interpretation in light of three new
species.

Yentsch, C.S. 1984. Personal communication.

1985 REVIEW	 145




