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Microheterotroph abundance in the water column during the
present study is within ranges reported from the Antarctic later
in the season (von Brockel 1981) and from temperate regions
(e.g., Beers and Stewart 1970), suggesting that these forms
probably have a similar role and importance in all pelagic sys-
tems. Moreover, the changing abundance and composition
across the ice-edge zone appears to reflect directly increased
primary and secondary production throughout this dynamic
region. If microheterotrophs are closely coupled to production
sources and serve as a link to larger consumers they may par-
tially explain enhanced activity among higher trophic levels in
the ice-edge zone.

The general abundance of microheterotrophs in sea ice sug-
gests these are active sites of production and may be particularly
important in late winter or early spring when the water column
is mostly ice covered and pelagic production low. The diversity
among micropopulations in ice was somewhat surprising.
Among autotrophic forms, flagellates and naked dinoflagellates
often dominated biomass (and probably the activity as well) in
spite of the prevailing view that ice diatoms predominate in
these communities (see figure 2). The variety of heterotrophic
forms suggests a complex food web develops within ice com-
munities. The presence of metazoans (naupliar larvae and ap-
parently their fecal pellets) indicates that ice communities may

be exposed to pelagic consumers. During the cruise, krill (Eu-
phausia superba) were observed under ice floes and were occa-
sionally found in core samples suggesting that krill may be
utilizing food resources from ice communities.

This study was supported by a National Science Foundation
grant DPP 82-18747 to D.L. Garrison and M.W. Silver.
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Reproductive dynamics of ciliates in	 CYMATO! SPP

the ice-edge zone

J. F HEINBOKEL and
D. W. COATS

Chesapeake Bay Institute
Johns Hopkins University

Shady Side, Maryland 20764

The classic model of the antarctic marine food chain is the
simple one of large phytoplankton—krill—carnivores (whales,
seals, birds, etc.). Data from tropical and temperate seas,
however, have recently shown that such models are over-
simplified and do not consider the important contributions of
the bacteria, nano- and microplankton, and gelatinous zoo-
plankton. Data on those organisms from the Antarctic are
scarce but the work of Hada (1970), Fay (1973), and von Brockel
(1981), suggest that the very small autotrophs and the ciliates
which prey upon them may be considerably more important in
the Antarctic than previously realized.

We recently began a study to define the role and significance
of the planktonic ciliates in the antarctic food web. During the
Antarctic Marine Ecosystem Research at the Ice-Edge Zone
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Figure 1. Cumulative percentages of dividing individuals as a func-
tion of time of day for Cymatocylis spp. collected during three 24-
hour stations aboard RIv Melville during the AMERIEZ cruise in the
Weddell Sea, November and December 1983 (a-c). Panel d repre-
sents the pooled data from all stations sampled during this cruise.
Solid areas represent the mitotic stages; hatched area is the DNA-
synthesis stage. ("N" denotes number of individual ciliates exam-
ined; "GMT" denotes Greenwich Mean Time.)
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Figure 2. Total percentages of dividing tintinnids (both mitotic and DNA-synthesis stages) as a function of mean chlorophyll concentrations In
the water column to the depth of the net-tow used to collect the tintinnids at each station. ("Mg/M 3" denotes milligrams per cubic meter.)

(AMERIEZ) cruise in the Weddell Sea (4 November 14 to De-
cember 1983) aboard iJv Melville, we sampled and examined
populations of two genera of tintinnids (free-living ciliates of the
suborder Tintinnina) to define the reproductive dynamics of
these plankters. We had two goals for this phase of our work:
• To characterize the die! periodicity (if any) in the cell division

cycle of these ciliates,and
• To determine how the reproductive dynamics of these ciliates

respond to the gradients of bacterial and phytoplanktonic
biomass and productivity expected near the edge of the sea-
sonal pack ice.

Reproducing tintinnids were microscopically identified aboard
ship employing epifluorescence microscopy, following fixation
and nuclear staining to distinguish individuals in the DNA-
synthesis or the subsequent mitotic phases of the cell cycle
(Coats and Heinbokel 1982). One or more vertical net tows (35
micrometer mesh) were made at each of 27 stations to collect
material: at three of the stations repetitive tows were made over
a 24-hour period to determine the significance of diel
periodicity in reproduction. Samples were obtained from the
area within 37-41°W 58-61°S.

Data for the genus Cymatocylis are presented as figure 1. The
proportion of dividing cells in these samples rarely exceeded 30
percent (intemperate, estuarine settings dividing cells typically
comprise 40-60 percent of the tintinnid populations), and there
was no indication of a diel periodicity in the division process.
Data from a second genus, Laackmanniella, were similar and are
not presented here. In the absence of diel periodicity, the less
frequent samples from the remaining 24 stations can be consid-

ered representative of those stations, regardless of the time of
day at which they were obtained.

Chlorophyll concentrations and rates of primary production
were determined and made available to us at each station by a
team headed by D. Nelson and L. Gordon from Oregon State
University and W. Smith from the University of Tennessee.
Chlorophyll concentrations (as average concentration in the
layer sampled by our net) were used as estimates of the con-
centration of particulate food available to the populations of
tintinnids. The proportion of dividing individuals of the two
genera of tintinnids are plotted as functions of chlorophyll
concentration in figure 2. Little obvious relationship exists. Total
chlorophyll concentration is, at best, an imperfect measure of
available food, however, since the large diatoms and gelatinous
colonies of Phaeocystis in these waters are unlikely to be available
to the tintinnids. For the same reason, it was not surprising that
division frequencies were not related to primary productivity
either.

A relationship in the proportion of dividing tintinnids of the
two genera does exist, however, in these samples. Division
frequencies appear to be related to latitude (figure 3) with high-
er proportions of dividing Laackmanniella found at the more
southern stations; Cymatocylis is characterized by the inverse
pattern. While probably not of significance itself to the organ-
ism, latitude may be reflecting the spatial or temporal separa-
tion of the stations from coverage by the pack ice. Relationships
of tintinnid reproduction to bacterial dynamics have not yet
been examined nor have the reproductive dynamics of the non-
tintinnid ciliates which were also sampled during this cruise.
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Observations of plankton organisms
obtained by bongo nets during the
November-December 1983 ice-edge

investigations

E. BRINTON

Scripps Institution of Oceanography
Llnivesity of California at San Diego

La Jolla, California 92093

During November 1983 to March 1984 RIV Melville engaged in
two investigations of the southern Scotia Sea and its adjacent
waters. An ice-edge study, to the east and northeast of the South
Orkney Islands, designated Protea Expedition, leg IV, took
place in early spring, November 10 to December 2. During late
summer, 5-27 March (Protea, leg VI), studies were concentrated
near the South Shetland Islands. This report is concerned pri-
marily with early results of the November and December
plankton sampling.

Bongo nets were towed at all hydrographic stations and,
elsewhere, where acoustical records indicated high con-
centrations of organisms. Tows were oblique, with the ship
steaming at about 2 knots, and were usually 0-200-0 meters in
depth. Volumes of water strained by each net averaged near
1,000 cubic meters. The standard tow used nets with mesh
widths of 333 micrometers and 505 micrometers.

The study area was traversed twice. During 10-20 November,
14 tows were made, and during 21 November to 2 December
there were 27 tows (figure 1). Our objectives were to determine
kinds and amounts of net-plankton and their distribution in
relation to the ice-cover history of the waters in the vicinity of
the ice edge. The area encompassed part of the Scotia-Weddell
Sea confluence, from the banks of the South Scotia arc,
northward.

Predominant organisms collected were pelagic tunicates, or
salps (Salpa thompsoni), concentrations of large phytoplankton
cells, and euphausiid crustaceans. Euphausia superba (krill) have
been analyzed for size-frequency and state of maturity. Amphi-
pod crustaceans, at varying abundances, were associated with
the salps. Their distinguishable role as acoustical targets is of
interest.

Copepods were sparse but consistently present; a single tow
was dominated by copepods (Calanoides acutus). The stocks of
copepods are presumed not yet to have ascended from their
winter depths of 500 meters or so. Gymnosome and
thecosomatous Pteropoda (Limacina and Clio spp.) were reg-
ularly present, as were Chaetognatha, and polychaetous an-
nelids (Tomopteris). Fish larvae averaged only 3 or 4 per sample.

Salpa thompsoni was consistently at higher density than had
been observed during the 1981 season, when salps were rare.
During 10-20 November (Phase I), highest volumes (displace-
ment) were at the northernmost stations, 58-59°N, farthest
from the ice-edge (figure la). This was within the zone of max-
imum north-south surface temperature gradient, -0.1'C to
0.25°C. During the second phase of sampling, highest densities
extended further south, to about 60°S. Lowest densities re-
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