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Figure 2. Results of cluster analysis showing species assemblages
associated with open water, the pack-ice edge and the interior pack
ice during AMERIEZ 1986.

why the various species assemblages persist in relation to fea-
tures of the physical habitat.
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AMERIEZ 1986: Phytoplankton at the
Weddell Sea ice edge

GRETA A. FRYXELL, SUNG-Ho KANG,
and MAUREEN E. REAP
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Texas A&M University

College Station, Texas 77843-3146

As part of the AMERIEZ (Antarctic Marine Ecosystem Research
at the Ice-Edge Zone) programs of 1983 and 1986, microalgae
from ice-covered, ice-melt, and open-ocean stations in the
northern Weddell Sea were compared to test the hypothesis
that a pulse of phytoplankton growth takes place that supports
the enhanced biological activity observed near the ice edge. By
far the highest cell numbers were found in open water during
the austral spring, with 68.7 billion cells per square meter north
of the ice edge, as compared to a low of 15.3 billion cells per
square meter under the ice (Fryxell and Kendrick 1988). A high
degree of similarity was found between ice and water-column
assemblages (Garrison, Buck, and Fryxell 1987), although the
open-water bloom can be seeded from other sources as well
(Fryxell and Kendrick 1988).

Nit zsc/iia contrasted with Thalassiosira; it survived in low light
under the ice and in the brine pockets in the ice and increased
steadily in abundance at the ice edge in the open water, whereas
the more opportunistic Thalassiosira could have been advected
from the west and north into water recently uncovered by the
retreating ice edge. From preliminary gut studies, Nitzsc/zia
appears to provide a good food base for zooplankton such as
krill.

In austral fall, conditions differed markedly (Fryxell 1986),
but clear differences also existed between ice-edge and open-
water stations. The accreting ice edge apparently acted as a
trigger for life stages and for a principal source of food as
evidenced by the abundance of fecal pellets in net hauls, in spite
of low abundances of phytoplankton in the water column.

Corethron criophilum Castracane went into sexual reproduction
near the ice and was at its greatest relative abundance in net
hauls from under the ice. Everything that could make resting
spores did so at the ice edge; Stellarima microtrias (Ehrenberg)
Haste and Sims (= Coscinodiscusfurcatus Karsten) was seen only
in resting spores in the water and under the ice (figures 1 and 2),
in sharp contrast to the austral spring observations under the ice
when chains of vegetative cells were abundant. Those species
that are not known to make resting spores (e.g., Chactoceros
criophilun Cleve) apparently made resting cells filled with lipids
(Sullivan personal communication). Distephanus speculum
(Ehrenberg) Haeckel was relatively more abundant under the
ice. The newly described species, Actinocyclus spiritus Watkins,
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Figure 1. Stellarima microtrias (= Coscinodiscus furcatus) resting
spore valve in the scanning electron microscope showing greater
convexity and heavier silicification than a vegetative cell valve.
Collected in the water column at the edge of the ice during USCGC
Glacier cruise, at station 23 (65 000.3'S 50005.3'W), 24 March 1986,
with a 35-micron mesh opening-and-closing net from 75-35 meters
depth. (Scale = 10 micrometers.)

seen from the austral spring cruise samples (Watkins and Fryx-
elI 1986), was again present in the fall.

In the austral fall, net hauls were impoverished except for a
few from open-water stations, especially those dominated by
Chaetoceros, although fecal pellets were in all net hauls. The
greatest surprises came from observations of the genus
Nit zschia. The needle-like species, N. lineola Cleve and N.
turgiduloides Hasle, were relatively more abundant in open-
water net hauls. Nitzscliia curta (Van Heurck) Hasle was also
abundant in net hauls from open water, although individual
cells or short chains are too small to be caught by nets unless
they are in fecal pellets or on substrates. Nitzschia cylindrus
(Grunow) Hasle, even smaller, only 2 micrometers wide and
often under 10 micrometers long, completely dominated net
hauls under the gold-colored rotten ice of the late season. It does
not make long chains that we have seen, nor have we observed it
in gelatinous colonies or affixed to substrates. Thus it seems
likely to have been concentrated from fecal pellets. In view of
our pilot studies of its viability in fecal pellets, a survival strat-
egy can be hypothesized involving concentration in ice canals,
with the ice algae possibly being selectively grazed immediately
under the ice, fecal pellet sinking at a rate greatly accelerated
from that of nanoplankton, release of viable cells, and rapid
transport of individual cells with water mass movements.

A large-celled species of Coscinodiscus was obtained in three
clonal cultures (AM6-68, AM6-30, and AM6-32) at Texas A&M
University (average diameters of 101, 148, and 151 micrometers,

Figure 2. Relative abundance of Stellarima microtrias resting spores
to all other siliceous elements in permanent mounts from a series of
opening-and-closing 35-micron mesh nets on board the USCGC
Glacier (G stations) and n/v Melville (M stations) during AMERIEZ
1986. Resting spores were seen mostly tinder the ice (to the left on
the graphs) and at deeper depths on the northern transect near the
edge of the ice (stations G21, G23, M38). Depth 1 is nearest the
surface, Depth 4 the deepest sample, etc., all within the top 200
meters. A. The northern transect. B. The southern transect.

respectively, with an overall range of 90-178 micrometers
noted). In spite of the broad size range in the clones, some
features are seen to be surprisingly consistent. These include
some classical taxonomic features in addition to patterns seen
with the aid of the electron microscope (Fryxell and Ashworth
in preparation). The two valves of a diatom cell are laid down at
different times, and thus can record different conditions but not
different genotypes. Valve morphologies thus provide records
of the environmental conditions encountered until their dis-
solution. The experimentally induced variation observed in
some antarctic species in relation to temperature (Fryxell, Ha-
sle, and Carty 1986) and to light (Wood, Lande, and Fryxefl
1987) gives evidence as to the field conditions during collection
as well as the degree of genetic variation within a population.

This work has been supported by National Science Founda-
tion grants DPP 82-18491 and DPP 84-18850, which are gratefully
acknowledged. A.E. Schultz Creel, G.A. Kendrick, and T.P.
Watkins provided technical assistance.

References

Fryxell, G.A. 1986. Microalgae at the ice edge in the northern Weddell
Sea. Antarctic Journal of the U.S., 21(5), 166-168.

Fryxell, GA., and T.K. Ashworth. In preparation. Taxonomic charac-
ters in Coscinodiscus.

174	 ANTARCTIC JOURNAL



C14C13G12M17M19M21 M24 Min Ave Max
v. Brockel

E

E

E
0
0

ci)ci
0
0
If)
11)
0
E
0
m
0

0
C-)

1 000
900
800
700
600
500
400
300
200
100

Fryxell, G.A., and G.A. Kendrick. 1988. Austral spring microalgae
across the Weddell Sea ice edge: Spatial relationships found along a
northward transect during AMERIEZ 83. Deep-Sea Research, 35(1), 1-20.

Fryxell, GA., G.R. Hasle, and S.V. Carty. 1986. Thalassiosira tumida
(Janisch) Hasle: Observations from field and clonal cultures. In M.
Ricard (Ed.), Proceedings of the 8th Diatom Symposium 1984. Koenigs-
tein, Germany: Koeltz Scientific Books.

Garrison, D.L., K.R. Buck, and G.A. Fryxell. 1987. Algal assemblages
in antarctic pack ice and in ice-edge plankton. Journal of Phycology,

23(4), 564-572.
Sullivan, C.W. 1986. Personal communication.
Watkins, T.P., and G.A. Fryxell. 1986. Generic consideration of itAc-

tinocyclus: Characterization in light of three new species. Diatom Re-
search, 1(2), 291-312,

Wood, A.M., R.S. Lande, and G.A Fryxell. 1987. A quantitative genetic
analysis of variation in the valve morphology of the antarctic diatom
Thalassiosira tumida (Janisch) Hasle grown at two light intensities.
Journal of Phycology, 23, 42-54.

AMERIEZ 1986: Microzooplankton
abundance and distribution in the ice-

edge zone

DAVID L. GARRISON and KURT R. BUCK
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Microzooplankton samples were collected in the Weddell Sea
during the austral fall of 1986 as part of the Antarctic Marine
Ecosystem Study at the Ice-Edge Zone (AMERIEZ) study (Sullivan
and Ainley, Antarctic Journal, this issue). We previously outlined
our microzooplankton studies and reported our preliminary
observations from this cruise (Garrison et al. 1986). Here we
report the biomass, distribution, and composition of micro-
zooplankton along a transect across the ice-edge zone from ice-
covered stations (USCGC Glacier stations 12-14) into open water
(iIv Melville stations 17-24; see Sullivan and Ainley (Antarctic
Journal, this issue) for station locations.

During AMERIEZ 1986, we found that microzooplankton
biomass in the upper 100 meters was low (approximately 50
milligrams of carbon per square meter) at ice-covered stations
but increased to 2>300 milligrams of carbon per square meter in
open water away from the ice edge (figure 1). Heterotrophic
flagellates and ciliates were the most important component of
the microzooplankton biomass (figure 2). Radiolarians and for-
aminiferans were present in low numbers and their biomass
was insignificant in comparison to flagellates and ciliates in
surface waters. Below 100 meters, however, the abundance of
ciliates and flagellates declined markedly and phaeodarian radi-
olarians may have been the dominant microzooplankton (Gow-
ing et al. 1986). The contribution of microzooplankton biomass
to total zooplankton biomass was similar to the contribution by
macrozooplankton and the antarctic krill, Euphausia superba
(i.e., approximately 200-300 milligrams of carbon per square
meter; T. Hopkins and J . Torres, University of South Florida,
unpublished data).

Heterotrophic flagellates, which are comprised of dinoflagel-
lates, choanoflagellates, and small, naked flagellates, were an
important component of the microzooplankton. Small, nonlori-
cate flagellates generally accounted for >50 percent of the het-
erotrophic flagellate biomass, and these forms, as well as some

small autotrophic flagellates, appear to be underestimated in
counts made on an inverted microscope as compared with
counts made aboard ship by epifluorescence microscopy (see
figure 2). Among the ciliates, nonloricate ciliates (e.g., Strom-
bidum spp.) usually predominated, although tintinnids were
relatively more abundant in open water and outnumbered
naked forms at one open-water station (figure 3).

The combined data from two AMERIEZ cruises allow us to
make some preliminary comparisons of seasonality in micro-
zooplankton abundance. During AMERIEZ 1983 which was con-
ducted in the austral spring (November and December), we
found concentrations of microzooplankton at ice-covered sta-
tions similar to those we found in the present study. In the
previous study, however, maximum microzooplankton bio-
mass reached >550 milligrams of carbon per square meter in the
upper 100 meters in a well-defined maxima in association with
an ice-edge plankton bloom (Garrison and Buck 1985). During
both AMERIEZ cruises most of the microzooplankton biomass
was concentrated in the upper 50 meters and was correlated
with phytoplankton abundance suggesting that micro-
zooplankton abundance may be closely coupled to primary
production. The range of our biomass estimates from both
AMERIEZ cruises falls within the ranges of microzooplankton

AMERIEZ 86 Microzooplorikton

Figure 1. Microzooplankton biomass in the upper 100 meters of the
water column during AMERIEZ 1986. See Sullivan and Ainley (Ant-
arctic Journal, this issue) for station locations. Average and range of
microzooplankton biomass from von Brockel (1981) are included for
comparison. ("m" denotes "meter:' "mgC;s, 2" denotes "milligrams
of carbon per square meter:')
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