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Microzooplankton (protozoans and metazoans from 20 to 200
micrometers in size) are ubiquitous and abundant in oceanic
and neritic communities of most temperate and tropical marine
waters (e.g., Beers, Reid, and Stewart 1980; Taylor 1982). As
consumers of bacteria and nanoplankton, they may act as
trophic links to larger zooplankton. Recent investigations in the
southern oceans have shown that protozoans and metazoans
are a significant biomass component of both plankton and sea-
ice microbial communities in the ice-edge zone of the Weddell
Sea (Garrison, Buck, and Silver 1984) where they appear to
graze autotrophic nanoplankton biomass (Hewes, Holm-Hans-
en, and Sakhaug 1985). Protozoans have also been observed in
the sea-ice communities in McMurdo Sound (Sullivan and Pal-
misano 1984). Here we investigated the composition, distribu-
tion, and grazing activities of microzooplankton under the an-
nual sea ice in McMurdo Sound. The questions we addressed
were: (1) Is the seasonal development of the diatom bloom and
microzooplankton coupled? (2) Are the microzooplankton
feeding on bacteria, phytoplankton or both? and (3) How do the
grazing activities of the microzooplankton compare to those of
representative macrozooplankton?

To determine the abundance and distribution of micro-
zooplankton, samples were collected through holes in the ice
on a north-south transect within McMurdo Sound from late
August through December and from the ice edge in November
and December. Both whole water and concentrated (more than
20 micrometers) samples were collected at depths from the
surface to 80 meters. Quantitative cell counts will be reported
elsewhere. The microzooplankton were composed of hetero-
trophic dinoflagellates, ciliates, copepod nauplii and larval
stages of echinoderms, polychaetes, and other invertebrates.
The composition of the community changed seasonally. Pro-
toperidinium antarcticum, a large (120-micrometer diameter) het-
erotrophic dinoflagellate, was a conspicuous member of the
microzooplankton and were present throughout the season in
concentrations of up to 10 per liter.

The ingestion of phytoplankton and bacteria by field-col-
lected microzooplankton was determined using single-cell radi-
oisotope techniques (Roman and Rublee 1981; Lessard and
Swift 1985). Hydrogen-3-thymidine and carbon-14-bicarbonate
were used to label natural populations of bacteria and phy-
toplankton differentially. After 2-6-hour incubations, individu-
al micro- or macrozooplankton were isolated and their radioac-
tivity assayed with LSC. Clearance rates (microliters per
individual per hour) were calculated from the ratio of the specif-
ic activity of the microzooplankter to that of the labelled particu-
late matter. As hydrogen-3-thymidine is taken up predomi-
nantly by bacteria in short incubations (Fuhrman and Azam
1980) and carbon-14-bicarbonate is taken up by autotrophic
plankton, the appearance of hydrogen-3 or carbon-14 in a mi-

crozooplankter reflects feeding on bacteria (either free-living or
attached to particles) and bacterivores, or phytoplankton and
herbivores, respectively.

Reported here (table) is a summary of the prey preferences
and range of clearance rates of several species or groups of
microzooplankton and macrozooplankton. A total of 16 experi-
ments was conducted with field populations under different
conditions (with respect to prey concentration, time of day, and
depth). These differing conditions, as well as differences in
predator size, contribute to the variability in clearance rates
within a species or group.

The heterotrophic dinoflagellate, P. antarcticum, and ciliates
(mainly nonloricate) ingested almost exclusively hydrogen-3-
labelled particles; in a few instances they ingested carbon-14-
labelled particles at low rates (table). Invertebrate larvae (poly-
chaetes, echinoderms, and nemerteans) ingested only bacteria,
and excluded phytoplankton (table). This was confirmed in
experiments with lab-reared echinoderm larvae fed bacterized
algal cultures (Rivkin et al. in press). An adult calanoid
copepod, sp. A, consistently ingested carbon-14-labelled parti-
cles but also ingested hydrogen-3-labelled particles at even
higher rates. If both hydrogen-3- and carbon-14-labelled parti-
cles were ingested without preference, then clearance rates
based on either isotope would be the same. For all the zoo-
plankton examined (table), hydrogen-3-based clearance rates
were higher than carbon-14-based rates, indicating a selection
for heterotrophic particulate matter. This is in contrast to studies
in temperate and tropical oceanic waters (Roman and Rublee
1981; Lessard and Swift 1985), which found that most micro-
and macrozooplankton preferentially grazed autotrophic food.

The predominance of bacterivory, rather than herbivory, in
the micro- and macrozooplankton suggests that the planktonic
food chain in McMurdo Sound is detrital-based. Bac-
terioplankton concentrations in the Sound are high (106_108 per
liter) (Hodson et al. 1981; Rivkin et al. 1986) and bacterial pro-
duction in parts of the Sound are comparable to that of tempe-
rate coastal waters (Hodson et al. 1981; Fuhrman and Azam
1982). In contrast, phytoplankton biomass is highly seasonal
and typically low (1-10 nanograms of chlorophyll a per liter). A
pulse of Phaeocystis is delivered from offshore in December (up
to 6 micrograms chlorophyll a per liter). However, Phaeocystis
forms large gelatinous colonies (2-5 millimeters) and is gener-
ally unsuitable for most grazers; this ungrazed biomass may be

Clearance rates of representative micro- and macrozooplanktoa.
Rates were measured by dual-labelling of the particulate matter

with hydrogen-3-thymidine and carbon-14-bicarbonate. Labelling
of a grazer with hydrogen-3 represents ingestion of bacteria or
bacterivores; labelling with carbon-14 represents ingestion of

phytoplankton or herbivores.

Clearance rates
(microliters per individual per hour)

Plankton species or group	hydrogen-3-based	carbon-14-based

Protoperidinium antarcticum	0.4-	6.3	0 - 0.2
Ciliates	 0.4—	1.1	0 -	0.2
Invertebrate larvae-	 94.7- 1087.6	0
Copepodite sp. A	 11.5- 31.1	0
Copepodite sp. B (?)	 72.5- 164.2	0 - 5.3
Copepod sp. B	 500.1 - 4260.5	10.8-100.4

a Polychaetes, echinoderms, nemerteans
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contributing dissolved organic matter in the water column.
These preliminary studies suggest that, in McMurdo Sound,
microzooplankton and macrozooplankton use detrital path-
ways of nutrition.
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During the austral summer and fall of 1985, we carried out
studies on the ecology of antarctic bryozoans. Part of this work
involved determining life-history characteristics and ecological
relationships of dominant species at Low Island, the south-
ernmost of the South Shetland Islands (63°25'S 62°10'W). In
water between 80 and 110 meters, the benthic community re-
sembled that described in other areas of the Antarctic, with a
high biomass consisting primarily of large, sessile suspension
feeding organisms (figure 1). Bryozoans made up about 15
percent of the biomass. Five species predominated, all with
large, foliaceous, flexible, lightly calcified colonies. The most
abundant was Carbasea ovoidea (figure 2) which often comprised
more than half of the bryozoan biomass in a trawl sample. The
other abundant species were Nematoflustra flagellata, Flustra thy-
sanica, Kymella polaris, and Himantozoum antarcticum.

Fronds of Carhasea colonies showed no yearly growth checks,
indicating that all frond growth takes place during one season,
although basal rhizoids and stolons may be perennial, produc-
ing new fronds yearly. The mean growth increment for Carbasea
fronds was 8.5 centimeters per year. Growth of species with
perennial fronds was much slower (0.92-1.34 centimeters per

year), but only a little less than that measured in the only
temperate species of this type studied, Flustra foliacea (1.7 cen-
timeters per year, according to Stebbing 1971). Life spans of
these species appear somewhat shorter than the 10-20-plus
years found for some rigid erect species from deeper antarctic
waters (Winston 1983) but are definitely in the same range (6-12
years) as those of temperate perennials like Flustra foliacea.

The reproductive pattern of Carbasea ovoidea also contrasted
with those of the other common species, with a larger number
of embryos (averaging 2,953 per colony) produced over a re-
productive season ending by mid-March. Mean number of em-
bryos produced per colony was lower in the other species stud-
ied, averaging a few hundred per colony per census, but
continued through mid-April, although numbers of empty
brood vs. full brood chambers indicated that the end of the
reproductive season was then approaching.
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Figure 1. Average proportions of major invertebrate groups present
in three trawls taken at 100-meter depths off Low Island.
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