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Marine biology

Microbial dynamics In antarctic
waters, Drake Passage
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The ecology and dynamics of microbial populations in
antarctic waters are quite different from and less well un-
derstood than those in other oceanic ecosystems because of
the presence of diverse water masses, mixing between mi-
crobial populations, and cold temperatures (-2° to 6°C).
Microbial populations in antarctic water are best assessed
when physical descriptions of the water column, fronts,
and zones are known. In January 1980, a team of micro-
biologists which included Kenneth Lowery (Skidaway
Institute of Oceanography), David Shafer, and Reginold
Sorocco (Rensselaer Polytechnic Institute) participated on
the International Southern Ocean Study cruise on the RIV
Atlantis II in the Drake Passage. Chief scientist for the cruise
was Worth Nowlin (Texas A&M).

Data on temperature, salinity, and oxygen at 22 hydro-
logical stations, along with oceanographic data collected in
January-February 1979 (Worley and Nowlin 1979), were
used to position sampling bottles at desired depths.
Isopropanol-rinsed Niskin bottles (5-liter) were positioned
at the surface, in the temperature minimum-0 2 maximum
layer (antarctic intermediate water), and the oxygen
minimum-NO3 and PO4 maximum layer (Antarctic Cir-
cumpolar Deep Water). Fourteen stations were sampled in
the Drake Passage to determine microbial activity. The
water masses sampled included subantarctic surface water,
polar frontal zone, and antarctic surface water (see the
figure). No stations were occupied in antarctic continental
shelf water.

Water samples were processed to measure microbial
production (incorporation of 3H-ademne or thymidine into
nucleic acids), glucose uptake velocity (incorporation of
3H-glucose or 14C-glucose, glucose concentration), ribo-
nucleic acid concentration, adenosine triphosphate (ATP)
concentration, and bacterial cell numbers. Analyses of mi-
crobial production and measurements of tritiated labeled
ATP in the ATP pool to calculate specific information on

newly synthesized nucleic acid are still in progress. Sam-
ples used to measure glucose flux were fractionated on 0.4
and 3 micrometer Nuclepore filters to assess the size distri-
bution and comparative activity of microbial populations.
All biological rate measurements were at in situ tem-
peratures using refrigerated water baths.

Glucose flux was generally ito 2 nanograms per liter per
hour in the surface water and two to three times higher in
the antarctic intermediate water. Below 200 meters, rates
were less than 1 nanogram per liter per hour. These rates
are three orders of magnitude lower than those measured in
a Georgia estuary (Hanson and Snyder 1980). However,
surface glucose concentrations (1 to 5 micrograms per liter)
are within the range found in the estuary. In the upper 50
meters, glucose turnover times were less than 500 hours,
but below that depth times were 10 to 20 times longer.

There is considerable interest in the distribution of mi-
crobes in the sea, sites of activity, and activity associated
with various particle size classes. Size fractionation of la-
beled microbial populations indicated that more than 90
percent of the glucose flux in the upper 100 meters can be
attributed to "free floating" microbes or bacteria attached to
particles less than 3 micrometers in size. This is similar to
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Location of the microbiological stations In the Drake Passage
during DRAKE 80 operations aboard the a,v Atlantis ll(January
1980).
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other oceanic systems (Azam and Holm-Hansen 1973; Han-
son and Wiebe 1977). However, the distribution of activity
in the antarctic circumpolar deep water below the antarctic
intermediate water shifted from "free floating" microbial
populations to cells attached to particles larger than 3 mi-
crometers. At these greater depths, more than 80 percent of
the activity was on particles greater than 3 micrometers.
This suggests that microbial activity occurs predominately
on particles in deep antarctic waters. Under the Ross Ice
Shelf, a large fraction of the metabolic activity (29 to 89
percent) was in the size fraction larger than 1 micrometer
(Azam, Beers, Campbell, Carlucci, Holm-Hansen, Reid, and
Karl 1979). In addition, most particles in the deep sea are
relatively large and dominated by plankton skeletons and
shells, and fecal pellets of zooplankton (Honjo 1980). Al-
though there was a shift in the activity from "free floating"
cells to those attached to particles in deep antarctic waters,
the rates of mineralization are slow and turnover times are
very long.

Microbial biomass and bacterial cell numbers were great-
est in the antarctic intermediate water. Microbial biomass,
estimated from adenosine triphosphate (An) was 20 to 30
nanograms per liter at the surface and increased to 50 to 100
nanograms per liter at between 50 and 100 meters. ATP

concentrations remained near 5 nanograms per liter or less
in waters below 200 meters. Unlike the distribution of mi-
crobial activity, most of the biomass (50 to 80 percent) in the
surface layer was in the fraction larger than 3.0 microm-
eters. Bacterial cell numbers correlated with microbial bio-
mass. In surface water cell counts were between 10,000 and
30,000 cells per liter and increased three times in the antarc-

tic intermediate water and polar frontal zone. Ribonucleic
acid concentrations were highest (8 to 10 micrograms per
liter) in surface waters. Concentrations were generally less
than 3 micrograms per liter between 200 and 3,000 meters.

Another cruise on the R/V Atlantis II is scheduled for the
1980 austral winter in the Pacific sector of the southern
ocean, with Daniel Pope as co-principal investigator. This
work was supported in part by National Science Founda-
tion grant DPP 78-21507.
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Benthonic foraminifera collected
by the R/v Hero near Adelaide,

Anvers, and Brabant
Islands, 1972-73
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During the 1972 and 1973 austral summers, the R/V Hero
collected 32 bottom samples in the vicinity of Adelaide,
Anvers, and Brabant Islands near the Antarctic Peninsula.
The samples were obtained at depths ranging from 16 to 400
meters. Twenty-two of the samples collected were treated
with Rose Bengal (Boltovskoy and Wright 1976) in order to
study quantitatively the foraminifera that were alive when
collected.

A total of 42 genera and 66 species were determined (see
figure). Of the 66 species, 37 had specimens with proto-
plasm. Fifty percent of the species and 69 percent of the
specimens were agglutinated; the rest were calcareous.

The most numerous agglutinated species were Tro-
chammina antarctica (18 percent); Reophax dentaliniformis (13
percent); R. subfusiformis (13 percent); and in less quantity,
Saccammina atlantica (6 percent) and T. squamata, forma astri-
fica (5 percent). The dominant calcareous species were
Cassidulinoides parkerianus (7 percent), Virgulina earlandi (6
percent), and Cassidulina subglobulosa (4 percent).

The species with the largest sample distribution was R.
dentaliniformis, present in 11 of the 22 samples analyzed
(50 percent). In this sense, R. dentaliniformis was followed
by: T. antarctica (45 percent), S. atlantica (41 percent), V.
earlandi (41 percent), R. subfusiformis (41 percent), and T.
squamata, forma astrifica (36 percent).

In general, the faunistic content of the three areas studied
was similar and did not differ from that previously found
northwest of the Antarctic Peninsula (Earland 1934; Finger
1977; Herb 1971; Lena 1975, in press; Stockton 1973).

The indexes of specific diversity for the three areas were
determined from the Shannon-Wiener relationship. The
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