
sional Publication No. 2), 403-421.
Miller, M.A., D.W. Krempin, D.T. Manahan, and C.W. Sullivan. 1984.

Growth rates, distribution, and abundance in the ice-edge zone of the
Weddell and Scotia Seas. Antarctica. Antarctic Journal of the U.S. 19(5).

Nelson, D.M., and L.I. Gordon. 1982. Production and pelagic dissolu-

tion of biogenic silica in the Southern Ocean. Geochimica et Cos-
mochimica Acta, 46, 491-501.

Smith, W.O., and D.M. Nelson. In preparation. Phytoplankton bloom
produced by a receding ice edge in the Ross Sea: Spatial coherence
with the density field. Science.

Phytoplankton, ice algae, and
choanoflagellates from

AMERIEZ, the southern Atlantic and
the Indian Oceans

C. A. FRYXELL,
E. C. THERIOT*, and

K. R. BUCK**

Department of Oceanography
Texas A&M University

College Station, Texas 77843

As a part of the Antarctic Marine Ecosystem Research: Ice-
Edge Zone (AMERIEZ) project, collections from the water column
and the ice were made on board the USCGC Westwind, 2
November to 7 December 1983. The icebreaker penetrated
deeply into the sea ice, returned to the edge of the ice for a
rendezvous with the iJv Melville, and then penetrated 190 nau-
tical miles into the ice by 24 November 1983. In the stations
farthest south that still had ice cover and other near-winter
conditions, the phytoplankton from net hauls from the top 200
meters were sparse but diverse, with few resting spores. The
classical antarctic flora was present, mostly diatoms. Chains of
cells were short; single cells were common. There were only a
few dinoflagellates, mostly in the genera Dinophysis and Pro-
toperidinium. There were many empty thecae, but phy-
toplankton in the vegetative stage evidently survived the
winter in cold storage and darkness under the ice.

Small grazers were abundant in all net tows at the farthest
south stations, as were fecal pellets. Animals were more abun-
dant in net hauls than had been expected. The food web is
apparently complex.

In the transect out of the ice after Thanksgiving (24
November), the phytoplankton in the net tows became more
and more abundant. Chains of cells became longer, with some,
such as Eucampia antarctica (Castracane) Mangin, forming spi-
rals, and others, such as Corethron criophilum Castracane (inerme
form) and Rhizosolenia hebetata forma semispina (Hensen) Gran,
forming long, straight golden chains. Thalassiosira tumida (Cas-
tracane) Hasle (figure 1) was well represented and was isolated
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Figure 1. This Thalassiosira tumida (Janisch) Hasle in a long chain
in the water column outside the ice is living material showing
growth. (Taken 1 December 1983 on board the USCGC Westwlnd.)
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in culture successfully. Beyond the ice edge, the early spring
bloom was dominated by the gelatinous colony formers
Thalassiosira gravida Cleve (a diatom, see figure 2) and the prym-
nesiophyte, Phaeocystis pouchetii (Hariot) Lagerheim. The ant-
arctic phytoplankton population was building up under the
dominants, as well. Even the coarser krill nets were clogged
with these colonies from 29 November through 2 December.
Grazers were not lacking, however, and the bacteria-consuming
choanoflagellates appeared in large colonies at the last station,
even in the net hauls.

The ice algal flora was much more limited and variable in its
flora, and the golden slushy layer under the snow, which was
topped by hard ice, was dominated at times by Phaeocystis and
Nitzschia closterium (Ehrenberg) Smith (a pennate diatom). It

Figure 2. This gelatinous colony of Thalasslosira gravida (not pre-
viously seen in gelatinous colonies, but dominating the diatom
population outside the Ice) Is living material. Each colony contained
up to several hundred cells. (Taken 29 November 1983 on board the
USCGC WeswInd.)

appears that the dominant species in the nearby spring increase
could have been seeded in part by the Phaeocystis in the melting
ice, but the Thalassiosira gravida was not well represented in the
ice and probably came from the water column.

Quantitative work is underway on the ice flora and that from
the water column below after the successful return of the sam-
ples to the U.S. Those samples preserved by glutaraldehyde
and kept refrigerated on the return trip are far superior in
preservation of original morphology to those preserved in the
traditional formalin, although the gelatinous matrix of the colo-
ny formers is destroyed by both preservatives.

Choanoflagellates mentioned above as abundant in the
southern Atlantic have also been found at all depths (0-70
meters) at 12 stations in the Indian Ocean sector of antarctic
waters from samples collected on the SA Aguihas, 16 February to
5 March 1981, in conjunction with the First International Bio-
mass Experiment (FIBEX). Quantitative work just completed on
this cruise shows that numbers have ranged from 4,000-190,000
cells per liter (Buck and Weber in preparation). Thirteen species
were found in 78 samples examined. Although all species oc-
curred throughout the water column, individual species ex-
hibited maxima at different depths. Phytoplankton abundance
from the same Aguihas samples was generally at least an order of
magnitude greater than choanoflagellate abundance, and dif-
ferent kinds of species were characteristic of different geograph-
ic areas (Theriot, Buck, and Fryxell in preparation). Canonical
correlation analysis is being used to relate some of the variance
within individual species of antarctic phytoplankton to en-
vironmental variables (Weber and Buck in preparation).

Comparison of the diatom species found on 12 net hauls from
the Aguihas with those from 64 stations in a tight grid around
South Georgia on the British Antarctic Survey cruise of the RRS
John Biscoe cruise 3, 24 November through 19 December 1981,
showed that generally, species dominant in one area were also
important in the other. However, principal component analysis
of the frequently occurring species in both areas provides some
separation of the Biscoe and the Aguihas samples (Theriot and
Iryxell in preparation). The influence of krill on the species
composition of the net phytoplankton is being explored for both
Agulhas and Biscoe samples (Theriot, Buck, and Fryxell in prepa-
ration; Weber and Theriot in preparation.)

It is interesting to note that the diatom species Thalassiosira
'ravida was once again found as one of the dominants at a series
of stations west of South Georgia, although it was small enough
to slip through the mesh of the net. Perhaps gelatinous colo-
nies, seen alive on the AMERIEZ collections but preserved only as
unicells, were once again involved. The diatom species show
differences in the water masses involved, and these geographic
patterns are related to a number of environmental variables
measured at the same stations in work underway with
B. Heywood and J. Priddle (Theriot, Priddle, and Heywood in
preparation).

Work has continued on the genus Thalassiosira, with a key to
species we have encountered in antarctic waters (Johansen and
Fryxell in press), as well as individual species studied in depth
(Fryxell and Hasle 1983), and progress has been made in under-
standing ultrastructure (Doucette and Fryxell in press). Tem -
perature effects on morphology of diatoms mentioned pre-
viously as an effect in laboratory experiments (Fryxell, Buck and
Theriot 1983; Villareal and Fryxell 1983) are being noted in the
field. Although overwintering does not appear to be the role of
resting spores from the AMERIEZ observations, spores are pres-
ent in antarctic waters at least after blooms, and a change in
chemical composition with initial formation of resting spores
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has been noted in culture (Doucette and Fryxell 1983). The
carbon-to-nitrogen and carbon-to-chlorophyll a ratios are lower
in vegetative cells than in spores. Spores subjected to darkness
for over 1 week appeared to retain most of the carbon and
chlorophyll a previously synthesized but modified their com-
position while maintained in a cyclic light/dark regime for about
1 1/2 weeks, increasing the carbon and chlorophyll a per cell.

Because literature used for identification is widely scattered,
work has been started on an antarctic phytoplankton handbook
(Priddle and Fryxellin preparation) and this handbook has been
field tested for one season.

This research was supported by National Science Foundation
grants DDP 82-18491 and DDP 80-20381.
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Microheterotrophs (protozoans and small metazoans) play a
key role in pelagic systems. Because they consume bacteria and
nanoautotrophs, they provide an important trophic link be-

tween these sources of production and larger pelagic consum-
ers (Conover 1982). As part of the Antarctic Marine Ecosystem
Research in the Ice-Edge Zone (AMERIEZ) program aboard the
USCGC Westwind, we conducted a study to assess the importance
of microheterotrophs in the ice-edge system.

To determine the abundance and distribution of micro-
heterotrophs, we collected samples from sea ice and
throughout the water column at the ice-edge zone. Ice samples
consisted of ice cores and 'pore water' samples (i.e., when a
partial core is removed from an ice floe brine from adjacent ice
fills the void). Samples from the water column included uncon-
centrated, whole-water samples from several discrete depths in
the upper 100-200 meters, large volume samples (approx-
imately 31 samples were collected at 5-meter depth, and were
later concentrated to approximately 200 milliliters by settling
and reverse flow filtration), and net-collected samples. Abun-
dance was determined by counting settled samples with an

Summary of the abundance and biomass of heterotrophs in the ice-edge zone

Sample
Number per liter

2.3 x 10-7.5 x 10

1.9 x 10-1.2 x 10
Approximately

0-9.0 x 10

1.0 x 102_5.5 x 10

Ice

Micograms of
carbon per liter

0.3-94.7

0.03-0.80
Approximately 0

4.0-22.1

Number per liter

7.6 x 102_9.0 x 10
5.1 x 101.1 x 10
1.9 x 101_4.8 x 10
1.2 x 102_1.4 x 10

1.0 x 101_4.8 x 101

Water

Micrograms of
carbon per liter

0.2-9.3
0.04-4.1
0.0001-0.36
0.25-2.9

0.31-1.49
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Heterotrophic flagellates
Heterotrophic dinoflagellates
Choanoflagellates
Naked ciliates

Tintinnids
Metazoans

a U-,' denotes not found.
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